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Multiple lens array probe for hemisphere experiments 

(a) Without multi-faceted prism 
(b) With prism  
(c) Fiber points in zone coverage (zone positions can be changed if prism 

face angles are changed or zones rotated) 
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PDV fisheye lens ray trace - features 

(View direction in slide 4, 
ferrule assembly photo) 

 Features:  
• Light incident normal to optical fibers 
• Index match to optical fibers to reduce back reflections 
• Distance from index-matched element and fibers can be 

adjusted for fine focusing  
• Needs good anti-reflection lens element coatings and 

limited number of elements 

(ferrule assembly  
with focus  

adjustment) 

Index matching element to fibers 

5.15mm dia. 

13.3mm dia. 
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Fisheye probe ferrule and lens assembly 

(View direction  
in slide 3) 

Tip shown is about halfway down tube at left; 
the inner tube slides in or out to adjust. 
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AOC 2: Fisheye with mounting for longer reflector prisms 
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Ferrule for fibers and completed assembly 

Ten 12-fiber ribbons  
plus six multimode fibers 
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f38brev Scale: 7.50
Positions: 1-2

BCF  30-Aug-12 

XZ
3.33    MM   18 mm dia. 

17.6 mm dia. lens 

7.5mm dia. 

10mm dia. 

47 fibers across lens 

Fisheye probe with a line of 126-micron spaced fibers 



Managed and Operated by National Security Technologies, LLC 
Nevada National Security Site 

PDV Probe Design with Stereo Imaging 

8/27 

PDV probe with stereo  imaging for hemisphere  

100 mm 

Altering prism angle sets 
viewing below the horizon. 

Record PDV from 100 down to 7 mm. 
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100 mm 

2.4 mm diameter coherent bundles 

25 mm diameter zone for imaging 
(blue & black rays). 
F/# of surface collected light is 15. 

Record PDV from 100 down to 7 mm. 

PDV probe with stereo  imaging for hemisphere  
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Fiber arrays are translated 0.36 mm, so that the image areas overlap. 

Zone 3 & 6 are used for stereo imaging 

Assuming 24 mm diameter FOV at surface 
and 2.4 mm diameter bundle, @ 50 lp/mm. 
Resolve 200 µm at surface (5 lp/mm). 

25 mm diameter zone for imaging 
(blue & black rays). 
F/# of surface collected light is 15. 
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Coherent bundles offset to allow overlap imaging 

1 of 6 illumination bundles 

 Slice view on next slide 

2 prism facets are tilted at 56° and 2 at 61° 
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PDV 

PDV 

PDV 

PDV 

PDV 

light light 

light 

light light 

light 

4 mm lens diameters 

1.5 mm illumination bundle diameters 

12 mm ID 
(scalloped for bundles) 

15 mm OD housing 

epoxy 

Imaging 
2.4 mm  

Imaging 
2.4 mm  

Imaging bundles are decentered 
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Placing 2 of the 2.5 mm diameter bundles plus 6 of the 1.5 mm illumination bundles leaves 
room for > 346 PDV fibers (ignoring fibers that touch anything). 
AOC probe can only image 2.4 mm diameter.  
Cutoff switches line the inside of the 6.5 mm ID pipe. 6.5 mm ID pipe 

Region for 0.004” thick cutoff switches 

Region reserved for cutoff switch overlap. 

imaging bundle 
50 lp/mm 

 (2.5 mm dia.) 

illumination  
bundle  

(1.5 mm dia.) 

imaging bundle 
50 lp/mm 

 (2.5 mm dia.) 

illumination  
bundle  

(1.5 mm dia.) 

illumination  
bundle  

(1.5 mm dia.) 

illumination  
bundle  

(1.5 mm dia.) 

illumination  
bundle  

(1.5 mm dia.) 

illumination  
bundle  

(1.5 mm dia.) 
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AOC_V52_Z7.len RMM  11-Oct-12  

15.00   MM    

Zone 7 (through prism hole). 
Same lenses used for Zone 1,2,4, & 5. 

Custom lenses 

rays going 
in and out 
of page 

Magnification = 43 
Array movement = 432 x image movement 
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AOC_V52_Z7.len RMM  22-Sep-12  

1.50    MM    

4 mm 

SF6 BK7 BK7 SF6 SF6 

XZ view 

YZ view 

0.8 mm stop diameter 
(largest beam diameter) 

Fibers emit with 0.14 NA 

Each fiber in the array 
is polished at 8º, so 
array is tilted 3.64º 

Best focus occurs at 
different Z positions 
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3D view of tilted array 

These rays go through the hole in the pyramid prism (not shown) 
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Direction vectors of beam trajectories 

Zone 4 

Zone 7 

Zero crossing shifted by 2.5 mm. 

1 out of 15 fibers from Z1 fall outside 1.5 mm diameter zero crossing volume. 

1.0º 

Zone 1 

5º 

Imaging lens stacks not shown 

Data recorded down to 7.0 mm 
from the zero crossing.  
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AOC_V52_Z3_imaging.len RMM  23-Sep-12  

12.00   MM    

Zone 3 & 6 are used for stereo imaging (500-700 nm) 

Custom lenses 

SF6 SF6 N-LF5 N-SSK5 N-BAF52 

Bundle offset 
0.36 mm 

1.75    MM    

2.4 mm diameter coherent bundle is not tilted 

Center of lens array stacks 



Managed and Operated by National Security Technologies, LLC 
Nevada National Security Site 

PDV Probe Design with Stereo Imaging 

19/27 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

M 
O 
D 
U 
L 
A 
T 
I 
O 
N 

-10.000 -8.000 -6.000 -4.000 -2.000 0.000 2.000 4.000 6.000 8.000 10.000 12.000 14.000 
DEFOCUSING POSITION (MM) 

 X 
 Y 

AOC_V52_Z3_imaging.l 
en                   

DIFFRACTION MTF    

RMM 24-Sep-12 

 DIFFRACTION LIMIT 
 Y 
 X (0.000,0.000) DEG 
 Y 
 X (.0017,0.000) DEG 
 Y 
 X (.0034,0.000) DEG 
 Y 
 X (.0052,0.000) DEG 
 Y 
 X (.0069,0.000) DEG 

WAVELENGTH  WEIGHT 
1550.0 NM      0 
 700.0 NM      1 
 600.0 NM      1 
 500.0 NM      1 

FREQUENCY    5 C/MM 

0.00 mm @ bundle 
0.30 mm @ bundle 

0.60 mm @ bundle 

0.90 mm @ bundle 

1.20 mm @ bundle 

Target surface 

5 lp/mm resolution is maintained 
over 10 mm of travel. 

Best focus 10 mm in front 

Assuming 24 mm diameter FOV at surface 
and 2.4 mm diameter bundle, @ 50 lp/mm. 

Resolve 200 µm at surface (5 lp/mm). 
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imaging 

imaging stop 

light 

light 

light 

light 

light 

light 

illumination bundles 
(1.5 mm dia.) 

imaging 

2 prism facets are tilted at 56° and 4 at 61° 

Trimming not finished 

Footprint plots show only 
center of facets are used. 
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Bug-eye probe used for Hemi shot #3 Enhance aluminum coating on BK7 glass prism 

17.35 mm diameter  
metal housing 
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Second attempt with correctly oriented fiber arrays. Two alignment marks rotated 180º. 

Each array is independently rotated 

5 mm diameter hole 

Hard plastic does not work as well as ceramic 
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Fiber rotation and cleaning are issues. 
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Bug eye probe used for  
Hemi shot #3  
(later redone). 

90º azimuth 

Reflected label  
off prism facet 
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Efficiency measurement of each fiber channel can be measured versus their tracking distance.  
The diffuse reflector is on a computer-controlled motorized mount. Probe is in rotatable mount. 

Moveable diffuse reflector 
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Fisheye Hemi-2 event, 8/2011 

fiber #22 (35° polar) 
fiber #20 (2° polar) 

The efficiencies of each fiber can vary in shape and magnitude. 
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Advantages: 
1. Accommodates imaging along with the PDV channels. Imaging does not have to be used for dynamic 

recording, it could also serve as a surface inspection tool. We have a 1550 nm converter for visible cameras 
allowing images of surface features surrounding a PDV spot. 

2. Each of the 5 fiber arrays can have different rotations to change area coverages. 
3. Each mirror facet can have different tilts to change area coverages. We used 56º and 61º on first design. 
4. Data recorded down to 7.0 mm from the zero crossing.                    
5. This probe accommodates several hundreds of fibers.  
6. Each lens stack can have different focal lengths. (modular design) 
7. Future probe design will use Fused Silica lens and flat coupled fiber array. 

Disadvantages: 
1. Extra assembly time required to angle polish each fiber 

(add one extra week). 
2. Zero crossings are shifted ~2.5-mm for 4 of the 5 zones.  
3. Must show that imaging is cheap and easy to perform. 



<<

  /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



