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   56 5 275 L  21 
F-2 Fig.6 Total cross section of lead in liquid, polycrystal and single crystal  
  like states. 56 5 275 R 21 
F-2 Fig.7 Schematic view of refraction of neutrons in matter. 
   56 5 276 R 22 
F-2 Fig.8 Cross section of hydrogen in metal hydride .56 5 277 R  23 
F-2 Fig.9 Energy dependence of total cross section of 1H (Example of a incoherent 
  scatterer). 56 5 278 L 24 
F-2 Fig.10 Thickness dependence of transmitted spectrum of thermal neutron 
  beam. 56 5 279 LR 25 
F-2 Fig.11 Thickness dependence of transmitted spectrum of cold neutron beam.  
   56 5 280 LR  26 
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F-3  Principles of Neutron Imaging Technology. by M. Tamaki  
F-3 Photo 1 IC player used for typical entrance examination.  
   56 6 330  L  30 
F-3 Photo 2 Radiation transmission images  
  (a) Neutron transmission image. 
  (b) γ-ray transmission image. 56 6 330 LR 30 
F-3 Photo 3 Monochromatic(0.4nm) neutron image of welded steel  
  (10mm thickness). 56 6 331  R  31 
F-3 Fig.1 Interactions of radiations with material  
  (a) Interaction of neutron with matter. 
  (b) Interaction of γ-ray with matter. 56 6 332 LR  32 
F-3 Fig.2 Schematic relation of neutron attenuation by interactions with matter. 
   56 6 332 R 32 
F-3 Fig.3 Constitution of neutron imaging system. 56 6 333 L 33 
F-3 Fig.4 Outline of direct and indirect techniques for neutron imaging  
  (a) Direct imaging technique.  
  (b) Indirect imaging technique. 56 6 333 R 33 
F-3 Fig.5 Comparison of characteristics for several two-dimensional neutron 
   detectors. 56 6 334 LR  34 
F-3 Fig.6 Energy-dependence of total neutron cross-section of elements having  
  large absorption. 56 6 335 R 35 
F-3 Fig.7 Energy-dependence of total neutron cross-section of cold neutron.  
   56 6 336 L 36 
F-3 Fig.8 Various components contained in neutron imaging system which  
  degrade image quantification. 56 6 336 R 36 
F-3 Fig.9 Comparison of evaluation techniques for removing scattered neutron  
  influences.  
  (a) Conventional method.  
  (b) Diversion method.  
  (c) Slit method.  
  (d) Shadowing method. 56 6 336 R 36 
F-3 Fig.10 Direct imaging technique for removing γ-ray fogging effect by using  
  double films of IPs or photo films. 56 6 336 R 36 
F-3 Table1  Comparison of direct and indirect neutron imaging techniques. 
   56 6 334 LR 34 
F-3 Table2  Classification of neutron in terms of energy regions.  
   56 6 335 R 35 
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F-3 Table3  Comparison of neutron attenuation coefficients (µT) obtained by various  
   experimental techniques for removing γ-ray influences.  
    56 6 337 LR 37 
 
 
 
F-4  Basic Parameters Relating Neutron Imaging. by H. Kobayashi  
F-4 Fig.1 Neutron imaging and relating factors. 56 7 404 LR  40 
F-4 Fig.2 Relative density resolution of various imaging systems. 
   56 7 410 LR  46 
F-4 Table1 Inherent resolutions for various converter-film systems. 
    56 7 407 LR 43 
F-4 Table2 Typical energy region used for neutron imaging.  
   56 7 412 LR 48 
F-4 Table3 Relative scattered neutron intensities in various irradiation systems.  
   56 7 414 LR 50 
 
 
F-5  Neutron Sources for Neutron Imaging. by M. Matsubayashi  
F-5 Fig.1 Progress of neutron sources for research use.  
   56 8 479 R 53 
F-5 Fig.2    Rendering birds-eye view of Japan Proton Accelerator Research  
  Complex (J-PARC). J-PARC is a multi-purpose accelerator research 

facility, constructed in Tokai-mura as joint project of Japan Atomic 
Energy Agency (JAEA) and High Energy Accelerator Research 
Organization (HEARO). Protons, accelerated by a 3GeV synchrotron, 
bombard mercury target in Materials and Life Science Facility (MLSF) 
and then produce neutrons in spallation reaction. 

    56 8 480 LR 54 
F-5 Fig.3 Sumitomo Heavy Industries Examination & Inspection (SHIEI) 
   cyclotron neutron radiography facility. 56 8 483 L 57 
F-5 Fig.4 Schematic diagram of spallation reaction. 56 8 483 LR 57 
F-5 Fig.5 Birds-eye view of Research Reactor (JRR-3) pool. 
   56 8 484 R 58 
F-5 Table1 Radioisotope neutron sources using (α，n) reaction. 
   56 8 481 LR 55 
F-5  Table2 Radioisotope neutron sources using (γ，n) reaction. 
   56 8 481 LR 55 
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F-5 Table3 Radioisotope neutron source using spontaneous fission reaction. 
   56 8 482 LR 56 
 
 
F-6  Neutron Beams for Neutron Imaging. by H. Kobayashi  
F-6 Fig.1 Source, filters, diaphragm, maximum size of image and passage  
  of neutrons.  56 9 575 L 63 
F-6 Fig.2 Relation of size of diaphragm D, homogeneous fluence area D0 and  
  homogeneous source intensity area Ds. 56 9 576 L  64 
F-6 Fig.3 Various adjustable diaphragm (a)～(d). 56 9 576 R 64 
F-6 Fig.4 Concepts of anti-scatter in flight tube (a), (b).  
   56 9 577 L 65 
F-6 Fig.5 Effects of beam filter. 56 9 577 R 65 
F-6 Fig.6 Effects of filter position. 56 9 578 L 66 
F-6 Fig.7 Relation between geometrical factors and intensity.  
   56 9 579 R 67 
 
 
F-7  Image Acquisition Techniques on Neutron Imaging. by H. Kobayashi  
F-7 Fig.1 Concept of various imaging procedure. 56 10 689 LR 75 
F-7 Fig.2 Inspection of drug and explosive materials by Nuclear Diagnostic  
  System,Ltd. (NDS)- Associated Particle Sealed-Tube Neutron 
  Generator (APSTNG). 56 10 693 R 79 
F-7 Fig.3 Inspection results of APSTNG for cocaine and explosive.  
   56 10 693 R 79 
F-7 Fig.4 Relation of optical film density and neutron dose  
  (a) Conventional method. 
    (b) Substracting fog method. 56 10 695 L 81 
F-7 Table1 (a) Converter materials for direct neutron radiography. 
  (b) Converter materials for indirect (transfer) imaging.  
   56 10 688 LR 74 
 
 
F-8  Fundamentals for Neutron Computed Tomography. by H. Kobayashi  
F-8 Fig.1 Flow charts of  (1) filtered back projection (FBP)-， 
  (2) convolution (CV)-, and (3) FT-method.  56 11 754 LR 88 
F-8 Fig.2 Schematic computing diagrams of FBP-process.  
   56 11 755 LR  89 
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F-8 Table1 Number of papers of NCT reported at international conference. 
   56 11 752 L 86 
 
 
F-9  Electronic Image Taking and Processing for Neutron Imaging. by K. Mochiki  
F-9 Fig.1 Radiograph taken by cooled CCD camera. Objects are RISO 
   indicators and plastic toy. 57 1 79 R 99 
F-9 Fig.2 Radiograph of leaves taken by High-gain Avalanche Rushing amorphous 
  Photoconductor (HARP) tube camera.  A quarter of 4096 x 4096 full  
  image is shown.  57 1 81 L 101 
F-9 Fig.3 Output response of red component of CCD camera to shutter speed.  
   57 1 82 LR 102 
F-9 Fig.4 25cc mini engine rotating at 300 rpm.  Video camera operated at 30 
  fps with shutter speed of 1/500 second. 57 1 82 L 102 
F-9 Fig.5 Radiographs of the RISO indicator taken by 1.3 M pixels CMOS camera. 
   (a) RISO indicator.  
  (b) One frame raw data.  
  (c) Processed image of (b) by median filter.  
  (d) Accumulated image over 16 frames. 57 1 83 LR 103 
F-9 Fig.6 Radiograph of hard disc drive (HDD) taken by 1.3 M pixels CMOS 
   camera. 57 1 83 L 103 
F-9 Fig.7 Computed tomogram by 1.3 M pixels CMOS camera.  Object is 
  aluminum cylindrical disc with slits.  (540 flames taken within 
  18 seconds over 180 degrees. Every three flames summed into 180 
  projection data.  Tomogram reconstructed by convolution 
  integral method.) 57 1 83 R 103 
F-9 Fig.8 Cf- based neutron radiography system by photon counting method.  
  (a) System configuration for photon counting method.  
  (b) Raw image.  
  (c) Binary image. 
  (d) Center-of-gravity image. 57 1 84 LR 104 
F-9 Fig.9 Accumulated image by photon counting method.  
  (a) Objects (Polyethylene and cadmium). 
  (b) Accumulated raw image (131072 frames).  
  (c) Accumulated binary image (131072 frames).  
  (d) Accumulated center-of-gravity image (131072 frames). 
   57 1 85 LR 105 
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F-9 Table1 Principles and characteristics of electronic imaging methods. 
   57 1 78 LR 98 
F-9 Table2 Comparison of image processing by hardware and software. 
   57 1 85 LR 105 
 
 
 
F-10 Practical Applications of Neutron Computed Tomography. 
    by K.Mochiki and H. Kobayashi  
F-10 Fig.1 Observation of hydrogen density in storage alloy tank after cycle tests 
   (top : projection images,  bottom : tomograms).  
  (a) 1 cycle, (b) 100 cycles, (c) 140 cycles. 57 2 154 LR 108 
F-10 Fig.2 Tomographs of two-phase flow in fuel bundles of nuclear reactor.  
  (a) Water distribution at baffle plate.  
  (b) Water distribution at 72mm downstream from baffle plate.  
   57 2 154 LR 108 
F-10 Fig.3 Visualization of two-phase flow in fuel bundles of nuclear reactor. 
   (a) Neutron radiography system. 
  (b) 3D image of two-phase flow obtained by neutron CT.  
   57 2 155 LR 109 
F-10 Fig.4 Sword of 6th century AD.  
  (a) Neutron radiograph, (b) 3D CT image. 57 2 156 LR 110 
F-10 Fig.5  3D CT images of turbine blades obtained in AEROTEST reactor 
    (L/D=250). (a)～(c). 57 2 157 LR 111 
F-10 Fig.6 Line profiles (top) and radiographs (bottom) of chlorides in steel  
  reinforced concrete. 
   (a) Before immersion, (b) After immersion.572157 LR 111 
F-10 Fig.7 Structure analysis of corn kernels by neutron CT.  
   (a) Tomographic reconstruction,  
   (b) Tomography of kernel slice computed. 57 2 157 LR 111 
 F-10 Fig.8 Cold neutron tomography of large soot filter.  
    57 2 158 L 112 
F-10 Fig.9 Cold neutron tomography on operating multi-stacked fuel cell.  
  (a) time; 0 min,  current; 0 mA,  water amount; 0.24 cm3,  
  (b) time; 15 min,  current; 400 mA,  water amount; 0.42 cm3,  

(c) time; 30 min,  current; 800 mA,  water amount; 0.49 cm3,  
(d) time; 45 min,  current; 900 mA,  water amount; 0.52 cm3.  

 57 2 158 LR 112 
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F-10 Fig.10 Ultra cold neutron tomography of carnation obtained at Kyoto 
  University Reactor (KUR). 57 2 159 L 113 
F-10 Fig.11 Fast neutron tomography.  
  (a) Structure of object, (b) Tomographic reconstruction.  
   57 2 159 LR 113 
F-10 Fig.12 Neutron resonance absorption CT using linac.  
  (a) Tomographic reconstruction of tantalum in sample. 
  (b) Tomographic reconstruction of silver in sample.  
   57 2 160 LR 114 
F-10 Fig.13 Dynamic tomography of small disk of water. 
   57 2 160 R 114 
F-10 Fig.14 Dynamic tomography using neutron image intensifier.  
  (a) Tomographic reconstruction by neutron converter and cooled 
   CCD camera (measuring time ; about 2 hours).  
  (b) Tomographic reconstruction by neutron image intensifier and 
    CMOS camera (measuring time ; 9 s ). 57 2 161 LR 115 
F-10 Fig.15 Phase contrast tomography of aluminium step wedge with surrounding 
   casting. 
   (a) Standard tomography, (b) Phase contrast tomography. 
   57 2 161 LR 115 
F-10 Fig.16 3D refraction tomography of an aluminium rod.  
   57 2 162 LR 116 
F-10 Fig.17 Comparison between absorption CT, refraction CT and ultra small 
   angle scattering CT of brass sample. 57 2 162 LR 116 
F-10 Fig.18 Polarized neutron tomography of stray field of small permanent 
   magnet. 57 2 163 R 117 
F-10 Fig.19 Use of artifact to measure length of water droplet.  
  (a) 3D Tomographic reconstruction.  
   (b) Derivation of length of water droplet from artifact.  
   57 2 164 R 118 
 
 
F-11 New Technologies of Neutron Imaging (Part 1). by Y. Kawabata  
F-11 Fig.1 Drawings of CONRAD setup in Hahn-Meitner Institute(HMI). 
   57 3 200 LR 122 
F-11 Fig.2 Experimental setup for phase contrast measurement. 
   57 3 201 LR 123 
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F-11 Fig.3 Images measured by phase contrast and ordinary setup (sample:  
  injection needle). 57 3 201 L 123 
F-11 Fig.4 Images measured by phase contrast and ordinary setup  
  (sample: Aluminium step). 57 3 201 LR 123 
F-11 Fig.5 Image of Al welding sample measured by neutron refraction method. 
   57 3 203 LR 125 
F-11 Fig.6 Experimental setup for stroboscopic imaging. 
   57 3 203 R 125 
F-11 Fig.7 Sample for stroboscopic imaging (fuel nozzle of diesel engine). 
   57 3 203 R 125 
F-11 Fig.8 Image of stroboscopic measurement (cabitation in fuel nozzle of diesel 
   engine). 57 3 204 LR 126 
F-11 Fig.9 Images obtained by X-ray and neutron radiography (sample : heart 
   pacemaker). 57 3 204 R 126 
F-11 Fig.10 Images obtained by X-ray and neutron radiography (sample : tip of 
   arrow with paraffin). 57 3 205 LR 127 
 
 
 
F-12 New Technologies of Neutron Imaging (Part 2). by Y. Kawabata  
F-12 Fig.1 Experimental setup for energy selective neutron imaging by time of 
  flight (TOF) method. 57 4 268 LR 130 
F-12 Fig.2 Variation of images according to neutron energy measured by TOF 
   method. 57 4 268 LR 130 
F-12 Fig.3 Image emphasis of polycrystalline material using Bragg cut-off effect. 
   57 4 269 LR 131 
F-12 Fig.4 Residual stress measurement by TOF method.  
   57 4 270 LR 132 
F-12 Fig.5 Residual stress measurement using monochromatic neutrons around  
  Bragg cut-off wavelength. 57 4 270  L 132 
F-12 Fig.6 Measurement principle of neutron resonance absorption.  
  spectrometry (N-RAS). 57 4 271 LR 133 
F-12 Fig.7 Experimental arrangement of neutron resonance absorption  
  spectrometry (N-RAS). 57 4 271 LR 133 
F-12 Fig.8 Experimental setup and results of neutron resonance absorption  
  spectrometry (N-RAS). 57 4 272 LR 134 
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—Application Part— (denote “A-1” = “Application part No.1 etc.) 
 
A-1  Neutron Imaging in Nondestructive Testing. by Y. Ikeda 
A-1 Fig.1 Principle of ultrasonic test by vertical water immersion method. 
   56 4 221 LR 141 
A-1 Fig.2 Principle of magnetic particle test (MPT). (a), (b).  
   56 4 222 L 142 
A-1 Fig.3 Principle of magnetic-field test (MFT). 56 4 222 R 142 
A-1 Fig.4 Principle of penetrant test (PT). 56 4 222 R 142 
A-1 Fig.5 Principle of eddy current test (ET). 56 4 223 L 143 
A-1 Fig.6 Principle of infrared thermography.  56 4 223 R 143 
A-1 Fig.7 Outline of ultrasonic test in the factory line of steel plate. 
   56 4 225 LR 145 
A-1 Fig.8 Outline of eddy current test (ET) in of steel pipe factory line. 
   56 4 226 L 146 
A-1 Fig.9 Typical welding defects. 56 4 226 R 146 
A-1 Fig.10 Outline of neutron imaging equipment for aircraft test. 
   56 4 228 L 148 
A-1 Table1 Objects and fields of nondestructive test. 56 4 220 LR  140 
A-1 Table2 Materials, shapes and position of nondestructive test, and applicable 
  inspection technology. 56 4 220 LR  140 
A-1 Table3 Kinds and purposes of nondestructive test. 56 4 221 LR  141 
A-1 Table4 Comparison of testing methods used for steel pipe manufacturing. 
   56 4 225 LR  145 
A-1 Table5 Nondestructive testing methods for welding.  
   56 4 226 LR  146 
 
 
A 2   Evaluation Method of Neutron Imaging and X-ray Imaging in Nondestructive 
  Testing. by Y. Ikeda  
A-2 Fig.1 Transmitting and non-imaging terms of radiography test.  
   56 5 285 LR 153 
A-2 Fig.2 Relation between body thickness of Si3N4 ceramic and minimum 

detectable limit of defect size (thickness). 56 5 286 L 154 
A-2 Fig.3 Dimension of penumbra determined by collimator ratio, L/D. 
   56 5 286  R 154 
A-2 Fig.4 Examples of X-ray resolution chart. 56 5 287  L 155 
A-2 Fig.5 X-ray images of X-ray resolution chart. 56 5 287  R 155 
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A-2 Fig.6 Penetrameters for X-ray radiography test.  
   (a) Wire type penetrameters of Japanese Industrial Standard (JIS).   
   (b) Hole type penetrameters of ASTM standard.  
    56 5 288 LR 156 
A-2 Fig.7 Neutron beam purity indicator (BPI) of ASTM standard. 
   56 5 289  L 157 
A-2 Fig.8 Neutron sensitivity indicator (SI) of ASTM standard.  
   56 5 289  L 157 
A-2 Fig.9 Neutron images of BPI and SI obtained by Rikkyo university reactor 
  (a) Beam purity indicator, (b) Sensitivity indicator.  
   56 5 290  L 158 
 
 
A 3  Application of Neutron Imaging in Aircraft, Space Rocket, Car and Gunpowder  

Industries. by Y. Ikeda  
A-3 Fig.1 Radiography of turbine-blades of aircraft engine.  

 (a) XRT: Image of XRT taken by 230kV tube voltage.  
 (b) NRT: Image of NRT taken by small cyclotron.  
 (c) NRT: Image of NRT taken by research reactor with L/D of 100. 

  (d) NRT: Image of NRT taken by research reactor with L/D of 800.  
 56 6 341 LR 161 

A-3 Fig.2 Radiography of turbine-blades of aircraft engine. 
  (a) XRT: Image of XRT taken by 120kV.  
  (b) NRT: Image of NRT taken by KUR (Kyoto University Reactor).  
   56 6 342 LR 162 
A-3 Fig.3 Image of coking in gas-turbine nozzle (Black parts are carbon). 
   56 6 342  L 162 
A-3 Fig.4 Honeycomb structure of aircraft. 56 6 342  L 162 
A-3 Fig.5 Neutron imaging equipments for aircraft inspection.  
  (a) Imaging system by 252-Cf neutron generator.  
  (b) Imaging system by 252-Cf neutron Generator.  
  (c) Imaging system by shield-tube type neutron generator.  
  (d) Imaging system by shield-tube type neutron generator.  
   56 6 343 LR 163 
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A-3 Fig.6 NRT images of honeycomb structure of aircraft.  
   (a) NRT image of aluminum alloy of aircraft (Arrows show erosion 
   parts).  
   (b) Comparison of radiography images for honeycomb structure of 
   aircraft, (Arrowsshow erosion parts).  
   (c) NRT images of honeycomb structures of helicopter rotor wings.  
    56 6 343 LR 163 
A-3 Fig.7 NRT images of helicopter rotor blades ( Images are given by courtesy of 
  Dr. M. Balasko, Hungary).  
  (a) Inspection of helicopter rotor blades. 
  (b) Comparison of NRT/XRT images for restoration of honeycomb 
   structure (a: Inclusion of metal, b: Surplus of adhesive, c: Restored 
  area, d: Glued area). 
  (c) Images of defects for rotor blade.      56   6   344   LR   164 
A-3 Fig.8 RT images of delayed igniter.  
   (a) NRT image taken by KUR.  
   (b) XRT image taken by 200kV of tube voltage.  
  (c) Figure of delayed igniter. 56 6 344 LR 164 
A-3 Fig.9 RT images of igniters.  
  (a) NRT image taken by KUR.  
  (b) XRT image taken by 200kV tube voltage. 
  (c) Figure of igniter.  56   6 345 LR 165 
A-3 Fig.10 RT images of two types of partition igniters.  
  (a) NRT image taken by KUR. 
  (b) XRT image taken by 200kV tube voltage.   
  56   6  346 LR 166 
A-3 Fig.11 Radiography images of separation bolts used in space rocket. 
   56 6 346 LR 166 
A-3 Fig.12 Radiography images of automobile carburetor.  
  (a) XRT image taken by 90kV tube voltage. 
  (b) NRT image taken by KUR cold neutron beam facility (White parts 
   are voids image-enhanced with water). 56 6 347 LR 167 
A-3 Fig.13 Appearance and NRT image of auto-bicycle engine.  
   56 6 347 LR 167 
A-3 Fig.14 NRT image of auto-bicycle engine (a), (b). 56 6 347 LR 167 
A-3 Fig.15 Real-time NRT image of BMW engine rotating at 1000rpm taken by  
   200µs/flame (Images are given by courtesy of Dr. B. Schilinger).  
    56 6 348  R 168 
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A-3 Fig.16 NRT images of fireworks and gunpowder in bullets.  
  (a) Fireworks taken by Cyclotron of Sumitomo Heavy Industry 
   Examination and Inspection, Ltd.   
  (b) Gunpowder in bullets taken by Rikkyo University Reactor. 
   56 6 349 LR 169 
A-3  Table1 Neutron radiography testing facilities available in JAPAN. 
   56 6 340 LR  160 
A-3 Table2 Examples of industrial application of neutron imaging. 
   56 6 340 LR  160 
 
 
A-4   Applications of Neutron Imaging to Material Engineering. by M. Tamaki  
A-4 Fig.1 Blurring effect and edge effect in image due to scattered neutrons. 
   56 7 418   L 172 
A-4 Fig.2 Neutron images of hydrogen distribution in palladium hydride due to 
   electro-transport phenomena.  
  (a) As hydrogenation.  
  (b) After electro-transport for 69 days. 
  (c) After electro-transport for 100 days. 56 7 418   L 172 
A-4 Fig.3 Neutron CT reconstruction images after removing scattered neutron 
  influence in fast neutron radiography.  
  (a) 8 cubic solid blocks (Fe, Cu, PE, PE, Pb, Al, Al, Fe). 
  (b) Siemens star of Fe. 56 7 419  LR 173 
A-4 Fig.4 Devices for measuring effective neutron cross-section. 
   (a) Inside and outside features of beam quality indicator.  
  (b) Typical neutron image obtained at TNRF, JRR-3M, Japan Atomic 
   Energy Agency (JAEA). 56 7 419   L 173 
A-4 Fig.5 Neutron image of nuclear fuel pin (gadolinium absorber, uranium 
   oxide pellets and zirconium cladding). 56 7 419   R 173 
A-4 Fig.6 Process of CT-reconstruction for cylindrical metallic rods.  
  (a) Various metallic samples. 
  (b) Sonogram image for CT reconstruction.  
  (c) CT reconstructed image.  
  (d) Correlation between CT-values and effective macroscopic 
   cross-sections. 56 7 420  LR 174 
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A-4 Fig.7 Removal technique of scattered neutron influence by honeycomb 
   collimator and its application to quantitative CT.  
  (a) Schematic arrangement for removal of scattered neutrons by  
  honeycomb collimator.  
  (b) One dimensional CCD signals of honeycomb and 
   step-wedge-honeycomb set, and its transmittance of step-wedge 
   evaluated from two corresponding signals ratio. 
  (c) Quantitative CT reconstructed image applied above-mentioned 
   removal techniques. 56 7 421   L 175 
A-4  Fig.8 Correction technique of scattered neutrons by using point scattering 
   function and its application to evaluation of water content in soil  
  (a) As neutron image.  
  (b) Water component image after scattering correction.  
   56 7 421   R 175 
A-4 Fig.9 Densification of PWR fuel pellets due to burn-up under reactor 
   irradiation and its evaluation from neutron image.  
  (a) Neutron images of pellet-pellet gaps.  
  (b) Comparison of optical density changes of neutron images around 
   gap between pre- and post- irradiation. 56 7 422  LR 176 
A-4 Fig.10 Neutron images of post-irradiated uranium oxide fuel elements by 
   Dy-IP technique. 56 7 422   R 176 
A-4 Fig.11 Neutron images of post-irradiated spallation targets by Dy-IP  
  technique. 56 7 423   L 177 
A-4 Fig.12 Evaluation of neutron images of post-irradiated spallation targets.  
  (a) Neutron image and its CT reconstruction (ZrH2 blisters). 
  (b) Typical CT image of ZrH2 spots. 56 7 423   R 177 
A-4 Fig.13 Monochromatic neutron transmission images of welded steel by 
   neutron wavelengths.  
  Left (0.54 nm); No image of weld part due to longer wavelength than 
  Bragg-cut-off.  
  Center (0.40 nm); Just Bragg-cut-off wavelength image).  
  Right (0.32 nm); Shorter image. 56 7 425   L 179 
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A-4 Fig.14 Neutron CT images by scanning monochromatic neutron beam  
  technique.  
  (a) Reconstruction tomograms by two wavelengths,  
  (b) Neutron wavelength dependence of attenuation coefficients of  
  nickel and molybdenum. 
  (c) Neutron wavelength dependence of ratio of attenuation coefficients  
  of Ni/Mo. 56 7 426   L 180 
A-4 Fig.15 Neutron imaging by two wavelengths techniques.  
  (a) 0.69nm image. (b) 0.32nm image , (c) Ratio image of (a)/(b).  
   56 7 426   L 180 
A-4 Fig.16  (a) Three-dimensional CT images of bent tube.  
   (b) Neutron CT of magnetic field of permanent magnet by polarized 
    neutrons imaging. 56 7 427  LR 181 
A-4 Fig.17 3-D temperature measurement inside material by CT imaging by using  

   epi-thermal neutron resonance absorption technique.  
   (a) Arrangement of CT samples for neutron resonance absorption.  
   (b) Reconstructed CT image of temperature distributions of samples 

measured by neutron resonance absorption and calculated by Doppler 
effect evaluation. 56 7 428  LR 182 

A-4 Fig.18 Imaging of specified isotope by combination of fast neutron resonance 
  absorption and time-of-flight technique. 
   (a).Imaging of carbon rods and a steel wrench with fast neutrons: 
  inset fig.(a,b) photos of sample,which consists of a steel wrench and 

various carbon rods. 
       inset fig.(c)  detector and sample in the neutron beam. 

 inset fig.(d)  neutron transmission image in a broad spectrum 
              neutron beam 

  (b).Resonance imaging of mask of (a). 
  inset upper left figure TOF spectrum withwindow at ON and OFF  
  resonance. Pictures ON and OFF show the radiographs for the  

 selected energy (TOF) windows, R is the pixel-by-pixel divided 
image ON/OFF.  

   56 7 428  LR 182 
A-4  Table1 Bragg cut-off energies of typical materials. 56 7 424 LR  178 
A-4 Table2 Effective neutron beam energies through bismuth filter measured by 
  beam quality indicator for effective neutron energy evaluation.  
   56 7 425 L  179 
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A-5   Application of neutron imaging to fluid engineering - 1:    
 by N. Takenaka, H. Asano, H. Umekawa and M. Matsubayashi 
A-5 Fig.1 Neutron radiography images of accumulator and compressor using  
  refrigerant R22.  
  (a) Non-operating condition.  
  (b) Operating condition. 56 8 490  L 188 
A-5 Fig.2 Structure of a plate heat exchanger. 56 8 490  R 188 
 
 
 
A-5 Fig.3 Void fraction distribution obtained by still images using a cooled CCD 
  Camera.  
  (a) Outside. (b) upwards flow. (c) downwards flow.  
   56 8 491  L 189 
A-5 Fig.4 Refrigerant behaviors in a distributor.  
  (a) Structure. (b) Original image. (c) Liquid image.  
   56 8 491  R 189 
A-5 Fig.5 Refrigerant boiling flow in aluminium capillary ( 2 mm in inner 
   diameter, 3 mm in outer diameter). 56 8 491 LR 189 
A-5 Fig.6 Radiography image of two-phase flow in spiral tube, 0.221 m/s in 
   liquid flux.  
  (a) 14.3 m/s in gas flux, 115 kPa in pressure.  
  (b) 53.6 m/s in gas flux, 311 kPa in pressure.56 8 492  L 190 
A-5 Fig.7 A cold plate used in two-phase fluid loop  
  (a) Structure of cold plate.  
  (b) Frame in video. 58 8 492  R 190 
A-5 Table1 Attenuation coefficients of thermal neutrons.56 8 489 LR  187 
 
 
A 6  Application of Neutron Imaging to Fluid Engineering - 2:    
 by N. Takenaka, H. Asano, H. Umekawa and M. Matsubayashi 
A-6 Fig.1 Experimental apparatus for water distribution visualization in 
   electrolyte membrane. 56 9 586  L 194 
A-6 Fig.2 Japan Automobile Research Institute (JARI) standard fuel cell for 
  visualization. 56 9 586  L 194 
A-6 Fig.3 Visualized images by using a cooled CCD camera.  
  (a) without water. (b) operating condition. 56 9 587  L 195 
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A-6 Fig.4 Water distribution and its temporal change after water was poured.  
  (a) Water distribution.  
  (b) Temporal change of water distribution integrated horizontally.  
   56 9 587 LR 195 
A-6 Fig.5 Visualization of segregation phenomena. 56 9 588 LR 196 
A-6 Fig.6 Examples of velocity distribution measurement around bubble. 
    56 9 588 LR 196 
A-6 Fig.7 Visualization in modified hydrogen storage tank.  
  (a) Projection Images. 
  (b) Cross sectional images indicated by broken lines in projection 
   images. 56 9 590  L 198 
A-6 Fig.8 Visualization of liquid surface in automobile compressor. 
   56 9 590  L 198 
 
A 7  Application of Neutron Imaging to Nuclear Engineering. 
 by N. Takenaka, R. Yasuda, Y. Saito and M. Kureta 
A-7 Fig.1 Images of non-irradiated fuel pin visualized by neutrons and X ray. 
   56 10 700 LR 202 
A-7 Fig.2 Neutron CT images and CT value distributions of natural and 
     enriched uranium pellet (A)～(D). 56 10 701 LR 203 
A-7 Fig.3 Neutron cross section images of zircalloy with hydrogen. 
   56 10 701 LR 203 
A-7 Fig.4 Relation between hydrogen concentration and photo stimulated 
  luminescence in zircalloy tub. 56 10 702  L 204 
A-7 Fig.5 Instantaneous velocity measured by tracer particles jg =13.3 cm/s. 
   56 10 703 LR 205 
A-7 Fig.6 Evaporation of water droplet in Newton alloy.  
   56 10 703 LR 205 
A-7 Fig.7 Visualization of lithium injection module 30 frames/s.  
   56 10 703 LR 205 
A-7 Fig.8 Time averaged void fraction distributions of boiling two-phase flow in  
  heating circular channel with obstacle. 56 10 704 LR 206 
 
A-7 Fig.9 Three dimensional void fraction distributions of boiling two-phase  
  flow in heating 14 tight lattice bundle.  
  (a) Three-dimensional void fraction distributions.  
  (b) Cross-section void fraction distributions.  
   56 10 705 LR 207 
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A-7 Fig.10 Instantaneous void fraction distributions of sub-cooled boiling flow in  
   rectangular channel with one-side heating. 56 10 705 LR 207 
A-7 Fig.11 Temporal change of instantaneous void fraction distributions of  
   boiling two-phase flow in heating 14 tight lattice bundle.  
   56 10 706  L 208 
 
 
 
A-8  Application of Neutron Imaging to Inspection of Art Objects and Ancient  
  Artifacts. by M. Matsubayashi and F. Masuzawa 
A-8 Fig.1～3 Photograph, neutron radiograph and X-ray radiograph of sutra 
 container excavated from Ichijo-ji sutra mound, respectively. 
  56 11 764 LMR 212 
A-8 Fig.4～6 Photograph, neutron radiograph and X-ray radiograph of bronze sutra 

container, respectively. 56 11 765 LMR 213 
A-8 Fig.7～9 Photograph, neutron radiograph and X-ray radiograph of the statue 
  of Sakyamuni at birth, respectively. 56 11 766 LMR 214 
A-8 Fig.10～12 Photograph, neutron radiograph and X-ray radiograph of bronze 
  vase excavated from Negoro-ji temple side, respectively.  
   56 11 766 LMR 214 
A-8 Fig.13 Contents confined in bronze vase excavated from Negoro-ji temple Side.
   56 11 767  L 215 
A-8 Fig.14 Bronze mirror excavated from Shibusaki 7th tumulus of Sakurai  
  mounded tomb group (photograph, neutron radiograph, X-ray 
   radiograph). 56 11 768 LR 216 
A-8 Fig.15～18 Photograph sketch for restoration, neutron radiograph and X-ray 
   radiograph of restored iron sword excavated from the Udogaya 
   rock-cut tomb, respectively. 56 11 769 LR 217 
A-8 Fig.19～22 Photograph, neutron radiograph, γ-ray radiograph and enhanced 
              neutron radiograph of gilt bronze applied iron boss, respectively.  
   56 11 70 LR 218 
A-8 Fig.23～25 Photograph, neutron radiograph and γ-ray radiograph of gilt bronze 
  applied iron strap union. 56 11 771 LR 219 
A-8 Fig.26～29 Photograph, neutron radiograph, γ-ray radiograph and magnified 
  neutron radiograph of gilt bronze applied iron pendant, respectively. 
   56 11 772 LR 220 
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A-9  Application of Neutron Imaging to Biological Research. by Y. Kawabata  
A-9 Fig.1 Neutron CT image of carnation before (left) and after (right) wilting. 
   56 12 828 LR 226 
A-9 Fig.2 Sample for vacuum cooling effect measurement (chrysanthemum). 
   56 12 828  R 226 
A-9 Fig.3 Neutron images before (left) and after (right) vacuum cooling 
   (chrysanthemum). 56 12 829 LR 227 
A-9 Fig.4 Growing pot for Korean ginseng. 56 12 830  L 228 
A-9 Fig.5 Neutron CT image of Korean ginseng in soil.56 12 830  R 228 
A-9 Fig.6 Bacterial inoculation in cedar seedling. 56 12 831  L 229 
A-9 Fig.7 Neutron imaging setup for cedar seedling after bacterian inoculation. 
   56 12 831  R 229 
A-9 Fig.8 Neutron images of cedar seedling after bacterian inoculation. 
   56 12 832 LMR 230 
A-9 Fig.9 Cold neutron (top),thermal neutron (middle) and X-ray (bottom) images 
  of rabbit liver with cancer (VX-2). 56 12 833  L 231 
 

 

A-10 Application of Neutron Imaging to Medical Field.  
 by K. Kato, H. Wakao, K. Ogura, H. Yanagie and H. Kobayashi 
A-10 Fig.1   Whole body imaging of mouse by using (a) thermal neutron and (b) 
 NIP. 
  (a) Transmission image.  
  (b) Scattered thermal neutron image of a mouse whole body by NIP.  
   56 12 838  L 236 
A-10 Fig.2   Edge enhanced NR images with visicon camera  
  (a) Femur and tail of mouse.  
  (b) Bronchi and heart of breast area. 56 12 839  L 237 
A-10 Fig.3   X-ray (XR) and neutron images (NR) of normal tooth (a) and its 
              scanning chart of images (b). 56 12 842  L 240 
A-10 Fig.4 X-ray (XR) and neutron (NR) images of tooth with cast (Morrison) 
   crown. 56 12 842  R 240 
A-10 Fig.5 X-ray (XR) and neutron (NR) images of tooth with inlay of gold alloy 
   and gutta-percha filling. 56 12 842  R 240 
A-10 Fig.6 X-ray (XR) and neutron (NR) images of tooth restored with amalgam 
  and composite resin. 56 12 842  R 240 
A-10 Fig.7 X-ray (XR) and neutron (NR) images of metal plate artificial tooth. 
   56 12 843  L 241 
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A-10 Fig.8 NCAR images of whole-body 10B distribution in cancer-bearing mouse 
    after intravenous injection of 10B-liposome solution. Mouse was 
    sacrificed (a) 3 hours and (b) 12 hours after injection of 10B-liposome 
   solution. NCAR images of the standard filter paper sheets with 

    different 10B concentrations are also displayed (c). Whitish sections 
    with high contrast in NCAR images correspond to areas of high 

 10B-concentration. Samples were exposed to 1.8×1012ncm-2 of thermal 
neutrons in thermal column of the TRIGA-II reactor of Rikkyo 
University (RUR), Japan. 56 2 844  L 242 

A-10 Fig.9 NCAR images of whole-body 10B distribution in mouse after 
   intravenous injection of 10B solution. Mouse was sacrificed 60 hours 
   after 10B injection. Whitish sections with high contrast in NCAR 
   images correspond to the areas of high 10B-concentration.  
   Samples (a) and (d) were exposed to 2×1012 ncm-2 of thermal neutrons 
    at RUR. 

  Samples (b) and (c) were exposed to 2×1011 ncm-2 of cold neutrons at PSI, 
Switzerland and at Saclay, France, respectively. NCAR images (a)~(c) 
on CR-39 plastic detectors were obtained by etching in 7M NaOH 
solution at 70 oC for 2 hours.   

 Sample (d) was etched PEW65 solution (15wt%KOH + 65wt%C2H5OH + 
20wt%H2O) at 50 oC for 8 min. 56 12 844  R 242 

A-10 Fig.10 Digitized NCAR image reconstructed by means of two dimensional 
   scatter plot (i.e. α- and Li-track mapping) of coordinate of each 
    track observed at portion of tumor section. Unit of scale is µm.  
    56 12 845  R 243 
A-10 Fig.11 High resolution images of both cancer cells’ relief and α- and/or 
    Li-tracks (arrows) on CR-39 surface. This image was taken by means of 
   atom force microscope (AFM) . 56 12 846  L 244 
A-10 Table1 Reports for NR of small animals without surgical treatments. 
   56 12 839 LR  237 
A-10 Table2 Reports for NR of surgically resected organs.56 12 840 LR  238 
A-10 Table3 Linear attenuation coefficient of tooth and dental materials for thermal  
  neutron and X-Ray (30keV, 60keV). 56 12 841 LR  239 
 

 

A-11 Problems and Prospects of Neutron Imaging. by H. Kobayashi 
A-11 Table1 Typical value of parameters and its boundaries on neutron imaging.  
   57 3 208 LR  248 
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A-11 Table2 Various converters for sub-thermal neutron imaging.   
   57 3 209 R  249 
A-11 Table3 Various ASTM, ISO, and NDIS standards for neutron radiography.  
   57 3 214 LR  254 
 
A-12 Neutron Imaging Facilities in Japan and Abroad. by M. Matsubayashi 
A-12 Fig.1 JRR-2 neutron radiography facility (vertical sectional view). 
   57 5 331 LR 261 
A-12 Fig.2 NSRR neutron radiography facility (NRG-A) (vertical sectional view). 
   57 5 331 LR 261 
A-12 Fig.3 JRR-3M thermal neutron radiography facility collimator region 
   (horizontal sectional view). 57 5 332 LR 262 
A-12 Fig.4 JRR-3M thermal neutron radiography facility (vertical sectional view). 
   57 5 332 LR 262 
A-12 Fig.5 JRR-3M cold neutron radiography facility (vertical sectional view). 
   57 5 333 LR 263 
A-12 Fig.6 KUR thermal neutron radiography facility (cross-sectional view). 
   57 5 333 LR 263 
A-12 Fig.7 KUR cold neutron (CN-3) radiography facility (cross-sectional view). 
   57 5 334 LR 264 
A-12 Fig.8 KUR very cold neutron radiography facility (plan view). 
   57 5 334 LR 264 
A-12 Fig.9 Musashi Institute of Technology Reactor neutron radiography facility 
  (cross-sectional view). 57 5 334 LR 264 
A-12 Fig.10 Rikkyo University Reactor neutron radiography facility (vertical 
   sectional view). 57 5 335 LR 265 
A-12 Fig.11 Kinki University Reactor neutron radiography facility (vertical 
   sectional view). 57 5 335  L 265 
A-12 Fig.12 Experimental holes for neutron radiography experiments in Fast 
   neutron source reactor YAYOI of University of Tokyo (vertical sectional 
  view). 57 5 336 LR 266 
A-12 Fig.13 Small size cyclotron accelerator neutron radiography facility of 
   Sumitomo Heavy Industries Examination & Inspection (stereograph).  
   57 5 336  R 266 
A-12 Fig.14 Baby cyclotron accelerator neutron radiography facility of Japan 
   Steel Works, Ltd. (stereograph). 57 5 337  L 267 
A-12 Fig.15 Neutron radiography facility installed in the hot laboratory pool 
  of Nagoya University (stereograph). 57 5 337  R 267 
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A-12 Fig.16 Van de Graaff accelerator neutron radiography experimental  
   equipment of Osaka Prefectural Radiation Research Institute (vertical 
    sectional view). 57 5 337  R 267 
A-12 Fig.17 Thermal neutron beam generator of Toyota Central R&D Labs, Inc.  
  (horizontal sectional view). 57 5 338  L 268 
A-12 Fig.18 252Cf thermal neutron radiography facility of Japan Atomic Energy  
  Agency (vertical sectional view). 57 5 338  L 268 
A-12 Fig.19 Movable 124Sb neutron radiography facility of Osaka Prefectural 
   Radiation Research Institute (cross-sectional view).  
   57 5 338  R 268 
A-12 Fig.20 High performance neutron imaging facilities in world. 
   57 5 341  L 271 
A-12 Fig.21 ILL neutron radiography facility (NEUTROGRAPH) (plan view).  
   57 5 341  R 271 
A-12 Fig.22 HMI neutron radiography facility (CONRAD) (stereograph). 
   57 5 341 LR 271 
A-12 Fig.23 ORPHEE neutron radiography facility (plan view).  
   57 5 342 LR 272 
A-12 Fig.24 TUM neutron radiography facility (ANTARES) (rough birds-eye view).  
   57 5 343 LR 273 
A-12 Fig.25 TUM neutron radiography facility (ANTARES) beam line 
   (stereograph). 57 5 343  L 273 
A-12 Fig.26 NIST neutron radiography facility (floor plan view).  
   57 5 343  R 273 
A-12 Fig.27 NIST neutron radiography facility (stereograph). 
   57 5 344 LR 274 
A-12 Fig.28 PSI neutron radiography facility (NEUTRA) (plan view). 
   57 5 344 LR 274 
A-12 Fig.29 PSI cold neutron radiography facility (ICON) (stereograph). 
   57 5 345 LR 275 
A-12 Fig.30 Harwell DIDO neutron radiography facility (6HGR9).  
   57 5 345 LR 275 
A-12 Fig.31 Harwell DIDO neutron radiography facility (6H [subthermal])  
  (vertical sectional view). 57 5 346 LR 276 
A-12 Fig.32 Petten HRF neutron radiography facility (vertical sectional view). 
   57 5 346 LR 276 
A-12 Fig.33 PSI SAPHIR neutron radiography facility (horizontal sectional view). 
   57 5 346 LR 276 
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A-12 Fig.34 CRNL NRU neutron radiography facility. 57 5 347 LR 277 
A-12 Fig.35  SNL ACRR.  
   a) neutron radiography facility (HFNRF) (birds-eye view).  
   b) moderator vessel and collimator (vertical sectional view).  
    57 5 347 LR 277 
A-12 Table1  General specification of neutron radiography facilities in Japan. 
    57 5 30 LR  260 
A-12 Table2 Comparison of feature in JRR-3M and J-PARC/JSNS as neutron 
  radiography. 57 5 339 LR  269 
A-12 Table3 General specification of neutron radiography facilities abroad. 
   57 5 340 LR  270 
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