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##5370348621: MAJOR NUCLEAR TECHNOLOGY.

KEYWORDS : NEUTRON RADIOGRAPHY / GADOLINIUM OXYSULFILD (GOS)

FLUORESCENT SCREEN / THERMAL NEUTRON
SIWAWUT CHOORAKSA : DEVELOPMENT OF A NEUTRON RADIOGRAPHY
SYSTEM USING PI-200 FLUORESCENT SCREEN COUPLED WITH DIGITAL
CAMERA. ADVISOR : ASSOC. PROF.NARES CHANKOW,

CO-ADVISOR : ASST.PROF.ATTAPORN PATTARASUMUNT, 80 pp.

Neutron radiography (NR) is normally performed by using film or imaging plate as
recording medium. A system for displaying neutron radiographic image on a monitor is still
costly. This research thus aims to develop a low-cost system to display neutron radiographic
image on a monitor using P1-200 gadolinium oxysulfide (terbium) neutron converter screen
coupled with a digital camera. The developed system was tested by using the neutron beam
from the Thai Research Reactor TRR1/M1 having neutron flux of approximately 10° n cm?
s under various camera settings such as aperture(f), 1SO and exposure time. It was found that
noisy signal seen on the image increased with increasing of the 1ISO value and the exposure
time caused by interaction of gamma-rays with the CMOS chip image sensor. Test specimens
were then radiographed using f = 5.6, ISO = 100 and 3 minutes exposure time. The image
quality was found to be satisfactory with low noisy signal which was applicable for inspection
of materials. However, the image quality was found to be inferior to those obtained from the
imaging plate. The image quality could be further improved by summing the two or more
images taken at the same condition. In comparison to the images obtained from DRZ Std and
NE426 screens, the image quality was nearly the same but the PI-200 screen had the fastest
speed while the DRZ Std screen had the lowest speed. It was also indicated that DRZ screen
gave the best resolution among the three screens while the NE426 gave the best image
contrast with poorest resolution.
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Ufnsevesiinsounuaison-6 (Li

In+ 198 > 7Li + tHe Woudeilu ‘B, a) 'Li

In+SLi > 3H + 4He Woudollu “Litn, @) 'H

2.1.2.6 ﬂﬁﬁ“%mwaﬁﬁam@u (Neutron-producing reaction) ﬂﬁﬁ“%81LLUUﬁLﬁﬂﬁU
faasoundanugs wazful§isemungandsnu Fawavesdfisez1dianseneeni
11031 1§ 151 UF361 (0, 20) URA3 61 (n, 30) TaefifRzen (o, 20) il §iseniiddalu
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A a J A A 9}%} @
wsealgnsaitlsngsiianlanimianmin (Heavy Water)



Reaction

Before Intermediate

After

Elastic Scattering

(n.n) @———m= @ Q

AN

Inelastic Scattering(n,n’}or(n,n’,}) @——

>

A

Capture(Radiative Capturelin.}) o . @

re

or (n,n"Y) *
\%@f"
Fission nfH e&—= (X ,:®

Charged Particle Emission

/’é?\ feg .

MNeutron Production

|
&
SINCERCGARCRICING

|
)
®

B &

N381UIUINTOULLVAN 9 1
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2.1.3 MAAAYINVDIHINTOU (Neutron cross section)

NMSINABUATNI01TzHINHIaTeUN U IRdeaIzTaogluglFalsum wieh

2

38N MAAAVIN (Cross section) IAINIITUININTIATOUAADUNHIUAINAWNNTANUNUL X
2 v

Hnunmiga A uazlunsuaiinisuIANUHU U UYDININTOU IUIU N DLADNAD

J a o a 1A
gMANIUAWATIAZTInNNG v suaaTae i 9z ldmwaums 2.1

I = Nv a.n"

(o T ADANUYNYBINTZATINTOU (Intensity of neutron beam)

= 1 3 2
WMUe11)1 neutron/cm’- sec

Target
Neutron beam \

—_
—_— —
—_

Thickness(x)
Area (A)

o A

311 2.2 driimsounsznuih

o a s A A Y Aa X A4 a A A ' v
NuIvesiaseutnasunmuihnlvianun A Tunal 1 39 Yaunmnu 1A
d'a ' o w an v A = 9 % é ds! LK% 1
IﬂEl“l/ll!’)@li’é)uﬂgllll‘i/ﬂﬂuﬁiﬂimﬂﬂu’)mﬁﬂﬁﬂlﬂdlﬂWﬂﬂGI’J FIVSVHDYNUANTUUUUUUUD

ith nazmmadayneganiavesionsou
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o % an 1 =) 7
NUIUOUATNINDIUIN = INoAX (2.2)[ ]

A (J a = 1 I 4 ~ 4 A
g A9 NIANAVINIANINVDIUINTOU Urveilu uisu (barn; b) Tagh 1 V154 U

107 NIUBUAAT

4 [ an a [ [ ?zl,z 1 v . I~ [ H
(1199910 UATNI IVDININTOUA VA AT LU ALY AIUUAINAAAYIT FuTuaIN
uaaend Toma lumsnaoUATNI UL INTOUN LTI UATAVDIDZADIINNA 1A UTUIAE)

v 9 Y <3| (J . a 2 a 2 1 a 9
nu ﬂﬂ‘ﬂ Ot Lﬂumﬂmmmi’m (Total cross section) UDIUUARYITYUANUINDUINTOU i]%llﬂ

0t = Ompn) + O mn") + O(ny) + O(n,a) + O(n,p) + O(n,f) + .- (2.3)

0 Oy AO MARAYINYBILGNTNMTTUILLBAYY
O (n,n'y 10 MAGAVIIVRAIATNMIWULD hidangy
A (3 anaa v oA
Ony) A0 MAdAIINBALgAToMLIVIIATOY
One) A0 MAFATINYBNINTOIMTIAaeYMAtearh

Onp) MO MAGAYINYBILGATEIMIMADYMA T TN

= (3 aan %
O-(n,f) o ﬂ']ﬂ@]ﬂ‘l]ﬂ”l\‘l‘l]’f)\‘]ﬂg]ﬂﬁﬂ'lu@ﬂ@l')

' o ] < 1 @ 1 o a
AMAAAYINEINTanLeeniu 2 nquMANAD NAULSN “A1AAAYINNITNITZID
(Scattering cross section, 0)” FINUWAIOUATNI M IFULLUTANGY az ludangu nquides
“MARAYINNIAANAL (Absorption cross section, 0z)” FIHNIYDIOUATNI B1DUS UONIHIBIIN

duaINIe Iunguusn

A [~1
WTNAUMS (2.2) ansamen'1a vty
NUIUBUATNTONDIUIN = IN o, AX (2.4)

1o Ax Aovsuasveuih

9 v
U NUIUBUATNIOADUTUINTADIUIN GTNGﬂﬂ'ﬂﬂ’nwmuuummaum

v
Yo A

381 (Collision density, F ) e laaail

F = INo: (2.5)
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9 o o o 3 = 1 (J . . IS
Hag No °lﬂmmuaﬂymzﬂu 2 1580721 MNAAAVINNNNIA (Macroscoplc cross section)

[] I - [ [ I3 1 %
WU U s : AGILURIRE NO't Gluemmi 2.5) %ﬂ%ﬁﬂluaﬂ‘]slmlﬂu Zt Gﬂﬂ”ﬂ NMAAAUINUUNIA
393 (Macroscopic total cross section) A ATV IUAUNT (2.5) lumenvoamaaavNIWHAIA

sl

F=1%; (2.6)

[

mmagavrINveidantdiulszneuvate lo TaInl uaznaiesia amnsosiui

18910
ZmiX: 21+22+23+ ......................
Zmix = N101 +N20'2+N3O'3 ................ (27)
d' A 1 % (%
WO Zhix A0 AINIAAAVINUHNIAVDIIAE
A 1 % A d‘ o
Y1 X 23 e AID AMAfav19uKIAvedle ToIni nIvdsIN 1,2, 3, ... AU
N;, Ny, Na, oo Ao AN ivezaouued lo I Inl wies1af 1,2, 3, ... mud1AY
A 1 (% i [ an d‘ A d‘
01, O3, 03, e Ao mmﬂmﬂrmfgamﬂmaumﬂiamau%maﬂaimiﬂﬂ HInsIgN

1,2,3, ... "Ua 1A



A13197 2.2 ANIAAAYINVB9INTOU (Neutron cross section) YITARA19"

12

Material | Atomicor Density (g/cm?3) Cross Section
Molecular E=0.0253eV E=1MeV

Weight o 0q Za P o o, A 2,
(b) (b) (cm™)  (em?) | (b) () (em?)  (ecm™)
Al 27 2.7 1.61 0.232  0.097 0.014 | 2.37 0.000 0.143 0.000
10 2.3 3845 3843 533 532 2.68 0189 0.371 0.026
B 11 2.3 5.28 0.005 0.655 0.0006 | 2.13 0.000 0.268 0.000
Be 9 9 6.35 0.01 3.82 0.006 3.25 0.003 1.96 0.002
C 12 1.9 4.95 0.003 0472 0.0003 | 258 0.000 0.246 0.000
Nat Ca 40.08 1.55 3.46 0.433  0.081 0.101 1.14 0.004 0.027 0.000
Cd 112 8.7 2470 2462 115.5 115.2 6.5 0.058  0.304 0.003

Nat Cl 34.45 Gas 50.2 334 Gas Gas 2.3 0.001 Gas Gas
Nat Cu 63.55 8.94 12.5 3.8 1.06 0.322 3.4 0.011  0.288 0.001

F 19 Gas 3.72 0.01 Gas Gas 3.15 0.000 Gas Gas
Fe 56 7.9 14.07 2.56 1.19 0.217 519 0.003 0.441 0.000
Nat Gd 157.25 7.95 49153 48981 1496 1491 733 0223  0.223 0.007

H 1 Gas 30.62 0.33 Gas Gas 4.26  0.000 Gas Gas

H 2 Gas 4.25 0 Gas Gas 2.87 0.000 Gas Gas

He 3 Gas 5337 5336 Gas Gas 2.87 0.879 Gas Gas

He 4 Gas 0.86 0 Gas Gas 7.08  0.000 Gas Gas
Li 6 0.534 938 937 50.3 50.2 1.28 0.230 0.069 0.012
Li 7 0.534 1.16 0.036  0.053 0.0017 | 1.57 0.000 0.072 0.000
Nat Mg 24.31 1.74 3.47 0.063 0.15 0.0027 | 2.66 0.001 0.115 0.000
Mn 55 7.2 14.5 ity 1.14 1.04 3.17 0.003 0.25 0.000

N 14 Gas 12.22 1.9 Gas Gas 239 0.021 Gas Gas
Na 23 0.971 3.92 0.529 0.1 0.0134 | 3.17 0.000 0.081 0.000
Ni 59 8.9 23.08 4.58 2.1 0.416 3.66 0.001 0.322 0.000

0 16 Gas 3.87 0.000 Gas Gas 8.22  0.000 Gas Gas
Pb 204 11.34 11.40 0.18 0.381 0.006 | 439 0.003 0.147 0.000
Pu 238.05 19.6 599.3 562.0  29.72 27.87 6.66 0.190 0.330 0.0094
Pu 239.05 19.6 1021 270 50.4 13.3 7.01 0.026 0364 0.0013
Pu 240.05 19.6 294 293 14.5 14.4 715 0.108 0352 0.0053
Pu 241.06 19.6 1390 362 68.1 17.7 798  0.117 0.391 0.0057
Pu 242.06 19.6 26.7 18.9 1.30 0.922 731 0.098 0357 0.0048
Nat Si 28.09 2.42 2.24 0.161 0.116 0.0084 | 4.43 0.01 0.230 0.0001
Th 232 11.3 20.4 7.50 0.598 0.220 7.00 0.135 0.205 0.0040
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M13197 2.2 MNAAAYI1YDIHINTOU (Neutron cross section) YBITAAAIN) (710

Atomic or Cross Section

Molecular | DE™1Y [E=0.0253ev E=1MeV
Material Weight (g/cm?) o, O, 24 I, o, 0, Zq Z¢

(®) (b) (em?)  (em™?) | (b) (b) (cm?)  (cm™)

U 234.04 19.1 116 103 5.70 5.07 8.02 0.363 0.394 0.0178
U 235.04 19.1 703 96.9 34.3 4.74 6.84 0.117 0.335 0.0057
U 236.05 19.1 13.3 5.16 0.648 0.251 7.73 0.363 0.377 0.177
U 237.05 19.1 487.5 476.4 23.6 231 6.72 0.135 0.326 0.0066
U 238.05 19.1 11.63 2.71 0.562 0.131 7.10 0.123 0.343 0.0059
Nat U 238.05 19.1 16.49 3.39 0.797 0.1637 | 7.01 0.120 0.343 0.0058
Nat W 183.85 19.3 23.08 18.05 1.459 1.141 6.95 0.057 0.439 0.0036
CH2 14 0.94 2.68 0.027 0.449 0.000
H-0 18 1.0 2.18 0.022 0.560 0.000
D20 20 1.1 0.410 0.000 0.420 0.000
Average
Fission
Products of:
235 117 4496 4486 7.43 0.0004
Z39Pu 119 2087 2086 7.48 0.0009

2.1.4 STUUNAATINTOUN

a A a 9 A a A S J A 1 A [ =
Hasounwaa ldanasesljnsaiiinnded insoussoyninwse loTeIni5ed
I a A Y] A @ 1A =® ]
1 UNINTOUNUNWAIIUGA (Fast neutron) NUFWNWAIIUDYN 2 MeV D9 14 MeV 1 1un1s
1 9 a Ja 9 A [ 1A = [ g}l =® 9 o
2180 MA8TI050UIL 1HTINTOUTINUYINGINUOYN 0.01 eV DI 100 keV AIHUITINDIN
msaanasuuesiiaaseulieglugisiminz aununsaienin Taglddaningiiinsou
I o @ a ] %’ @ 4 a ~ =1
(Neutron moderator) (1 UAaANAI1NUUDINIATOU 19U 11uIanITn N1 16 wis1ily Tndeh
= I Yy = 3 £ 1 = v W I Aq Yo a a A Aa 1T A
au Wuau s9azalszneuilusuaiwdernununen 15 1aeatiInsaUsoNTenI1 HInToU
a 4 . a I~ { 1 o Aa a
AvAdIIADS (Neutron collimator) Hanseusaiantlasepenuiainauiuiaiinsougnas
U U o/ ] a o d v Aa
WaeIuad Ingnsrunudanueinaseu sz ldanudugigaueuneiiationsou (Peak
thermal neutron flux) Tu@A111249 iraseuanatlszual 50 949 500 Mve9BasTINTanilase

a < o A o 1 A g 1 ]
uamamiamﬂﬁ’ummw i’)@]31ﬁ?1&ﬂ"l§aﬂa\‘]“]Jﬂﬂﬂ?]ﬂl%ﬂﬂ?@]iﬂﬂﬁﬁﬂﬂ?? “ma%ua“law

% J . .
F¥ULWNW o5 (Thermalization factor)”
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[ 1 a 9 o A A
ons1msdanilassiinnsouanaunutiaiiIngou (n/s)

Jd o @ 4
mosia lamsunnnmes = ——— — — -
Lﬂ@ﬁuauﬁ@ﬁ@uwaﬂcﬁgqq@iuﬁ’]ﬁﬁu’JQU'Jﬂﬁﬂu (n/cm’es)

Y

1 Y Y 4 @ v 1 k4
aunesia lawsuurnmesvunuiladeas 11/
(1) wiaveIduiuiiailinsou
Y o A a < 1 A o 1 Aa 3 Aa [ ' o
fumiiaiiiaseusiaarianuzdanlassiitnsewdinindsnuaany Tu
Msniniaseustadernuduiuiiaiiznseuntindsnusinig Ifanudugegaves
v A 1 d' =% 1 a LY
mestatiinseuginiuilelisnsimslaalassiinnseuminu
(2) FUAVDIAITHUNUIATOU

d‘ ] [ a 9)44' A [ g’; 1
‘ﬁW;]‘VI’@H1]1i’LWIU’JQWﬁQﬂuuﬂﬁiﬂunlﬂﬂ‘V]ﬁ@ﬂﬂ "181@5@1.1 ANUUTITHUIN

Q

v
a =

< An ]
u’JGl‘i’Oumﬂuﬁﬁﬂi:ﬁﬂﬁlullaiﬂili]u ‘VIlIﬂ’JHJ‘Humuuﬂzmﬂumaﬂaiﬂimugﬁ i]zslﬁ}ﬂ’ﬂmsﬂjll

gegavesinnsoudIgIni

U Q

{ [ Jd @ o 4 %’ a o A A a [6
ﬂ?ﬁ?ﬂﬁ 2.3 mm@SiJa”lmclﬁfuuwﬂmaﬂummmuameumﬂé’l}umm@uam@umwuﬂ[ ]

wasnuiiaseu | duduilatinseu | Ufnsewaatanseu | mefinlawdunnned
0.024 MeV "**Sb-Be ’Be(Y, n)Be 50
2 MeV e self-fission 100
4.5 MeV *'Am-Be "Be(a, n) °C 200
6.5 MeV* m’%@u%q@yjmﬂ "Be(d,n) B 300
14 MeV** m’%@u%q@yjmﬂ *T(d, n)'He 650

WUBIR XIONEIIUV0I0YNIARINTOUININD 2.8 MeV

4 [ONAIIUUDIOUNIAAINTOUMINY 150 MeV
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<
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0 10 20 30 40
DISTANCE FROM CENTRE OF SOURCE (cm)

Thermal neutron flux distributions (experimental) produced by various accelerator neutron sources in a
water moderator. The beryllium-target reactions refer to a bombarding ion energy of 2.8 MeV and a
thick stainless-steel target chamber of 6 cm outside diameter, the hydrogen-taget reactions refer to a

bombarding energy of 150 keV and a light aluminium target chamber 2.5 ¢m in outside diameter.
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1
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THERMAL NEUTRON FLUX (cm’s’ per source neutron)

0 10 20 30 40
DISTANCE FROM CENTRE OF SOQURCE (cm)

Thermal neutron flux distributions (experimental) produced by various radioisotope neutron sources in a water
moderator. The source strengths used were 0.05 Ci {Sb-Be), 10mCi ( %0, and 1 Ci (Am-Be), the larger

source required for neutron radiography will depress the normalized centre flux conciderably in the case of
Sb-Be and Am-Be but not in the case of “'Cf.
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2.1.5 Auduiatilnsou

o A o a 1 I [ g 4
FuAITiAT 9@ tiInIeu (Neutron source) 114000 Iy 3 Uszian Al 10504
a 4 a o 4 1 [
ﬂgﬂmﬂsmqymﬂ (Nuclear Research reactor) m%umumﬂ (Accelerator) waz'lo Ty Inilsed

(Radioisotope neutron source)

2.15.1 wsesfnsailsugive

A d A 9 a & A 9 a aan ] Y A
Avginsainaannudourianiled ldanmanalfnsergnlgudrinisae
[ v a (4 9 A 1 < 9 A A
wasudrwiueeninlugdvesndsniuanuiou uazadauwiman Tiihianudaiea Tag
o aaa o - I ~a o aa o oA Yy v
pfemsUnsemsuandveudaromasiiuginiion-235 ouasnsernuiiaseududa
= 1 a <3 v Aa 1 v A o 9
imsdaseiitaseusnlszunm 2-3 @1 Ntaseuuaazalismasnulszua 2 Mev udagn
[ Y I3 a 9 ¥ o 3 A P K a
aanasnuasliniuiiaseudn lae Wiwaaniin twnaw vie n31ldd Feliuegnuriaves
A a 4 A a A a2 I3 1 o Aa A A Y 9 a
wseslfnsal wselfnsaitiundediunrasiuiiattasounlianuiuvesnszuaiiinsou
1 10 14 2 ] I o A Aa [ 1 Y
gegalugis 1010 wem’s uazduilunrasduiia N uagmuzaunuNIIa18NINAIY
a a A Y A Y a ~ 5 8 2 X o
HIA50U T ITaNNTaRaRiInTo U INTANNAIVeInTEIaTiInToun 10-10° n/em’s 391
Y
TWszeznarlumsorenndieinseudduuazdalnnuANFavoan N (Image sharpness)

20ANIANN

2152 1N300530UNIA

I 4 a a aan a a J a = a
L“]J‘L!Lﬂ%’f]\iWﬁ@]ujﬁ‘iﬂuﬂ1ﬂﬂ§]ﬂ§81u3mﬁ‘(’Ji Iﬂ‘(’JﬂTile@‘lggﬂ1?]1’7%@143!?]@8@16]5‘14@

= =< A 9

. o v Aa I o A
v Intinasauge ud Id Wasunuiuedeavesdnsignilanilugh (Targen udavilding
v a A A o ann ann Ao w Y !
msilaataesiiiaseuninannmsinlgnsereenun Ugnseridinng 1dun
2D + 2D - 3He+ {n +3.27 MeV
3T + 2D - 4He+ }n + 17.6 MeV
2Be+y - 23He+ in —1.67 MeV
2Be+ IH - 2B+ }n — 1.85MeV
2Be+ 2D > 2B+ In +4.35MeV
JLi +1H - 7B+ in —1.64 MeV
A ' 4 9 a Y 1 A a dAa a Jd =
1FoUTIRYMAIE AN YeINTZHaiInToutipenI NI nTaliundes uash

Yy v A A a A a Y = = 9 9y
GU’EJ@]@ﬂiu!i@ﬁﬂlﬁJﬂﬁﬂﬂ]@ﬁﬂigllﬁu’f]@]iﬂl‘mﬂaﬁﬂﬂﬂiﬂ"I mauﬂmﬂaﬂmﬂmmmqmﬂmm
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%QﬂﬂﬁulﬂﬂWWIE]1‘(’1@’6ﬂiJHJﬂﬂ!ﬂ1wuﬂﬂﬂ’31ﬂ151%ﬂﬁﬂﬂﬂ§]ﬂﬁﬂ!u’uﬂaﬂﬁlﬂuu‘l’iﬁﬂﬂuuﬂ

UINTOU

2.1.53  dusuianuylo Ty Indsed
wnasiifiafaseufidlunuyle Ty TnUSadiennsaniaiudiise 3 Uszinnde
(1) Uszam (o, n)
ﬁJuﬁ’uﬁnﬁ@ﬁ’mmuﬁwﬁﬁmﬂﬂﬁ?ﬁm (o, n) AreMsaateadvedle o Inil

Sadnaaedaldoymauearh wu woTailion-210 ("’Po) 151Ren-226 (“Ra) wg Tnition-238

a @ Y § @ 4
('Pu) ozweIITEN-241 (' Am) TasazaateadldoyniauoarNTNGIU 4-6 MeV 1iionew

v = o

nusIandnasudamilenvestiaasouluiundeaduiyie wu wiadey waz Tusou

v

a A I A A A = A a o A
Tﬂﬂmwwzmiamam@ Lﬂu”laicﬂﬂﬂmmu,mmafJimaJ‘waNmﬂﬂmummmmmaummm 1.67

Q'/ =) ) a Aan 4 =) g % 1
Mev  Taona lstionldnsaden Ufnserinatiu Ao "Be(a, n)°C sasimslanlaos

Y
a Y o A A 1 a 1T A 1
Hanseuvesaunutaiiasoulszmniiialsznm 22 x10° 1IA50UADININADGI VDT

o v A Y o A

Auliuased dusdiatitaseuuuu le Ta IndSadlszmn (o« n) 119le e Ini uaaaluaisiain

24

) Usznn (y,n)
I FY o A A A a aan Y o A o A A
Wuauiuiiaiinseunnannilgnsel (y, n) lasmswauaunuilasaaunuui
UaataosF @nuIMEINUgINI 1.67 MeV waunuisaiaon-9 e s sdunuinsuiundod
a s A A aq 9 . 124 & (2
YyouTaaeNIzNiInseungaeni laslnaldnade-124 (Antimony-124; "“'Sb) adaieda

RS FUANIINGIU 1.70 MeV Waunuisadey oasinsdaniassiinasouainduiia

a2 124 oawdady

§98 sb-Be Uszanm 1.3 x 10° iasouasiuiinens ves 'Sb Auruiiasidwiiail ludion

9
a (3 = [ % 1

I¥nuuniniiosaniisedunuunasnugelzdunn vaglinns diaduiios 60 1 ua

a ] ) 1% a y a Ia a 7 A a
ansanda ldieanmsi Psb llewiiadioaseulunseulnsaitundesiendn *'sb

124

11381 7Sb (n, y) *'Sb

(3) Usznnuana1e (Self-fission 130 Spontaneous fission)
Y o A A dy 9 1 @ a g‘; v =) dﬁf = @
dusuiaiinseulszanil ldun TIANUNUNFUAANLLA NOLTYY vu'll Faandd

1T A = I 1 9 @ Y] < ] :: 1 A
wusH Ry 2 mu”lmm aﬂHm%ﬂ'lillﬁﬂﬁﬂﬂ%!ﬂuqﬂ@81ﬂﬁﬂ1lﬁﬂﬂ LASABDIUDN 611.1ma
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9
@ 1 1% a @ 1 a J
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é A é ana = 1 a a d =
FINAINTIVIN 2.65 1 onsinstanilaseiiinseuannunanesiton-252 da1lseuna 4.3 x

a A

9 Aa 1A S 12 a 1A A 1 s a J
10” HIasouUAIUINABAT HIolszunal 2.34x 10 UIATDUADIUINADS I aounavosilen-

U

o [ é a0 19 o A A
252 U 1 T FIUAMgInNAUNUlaiIasoullsenn (Y, n) 18 (a, n)

U

{ o Aa Aa @ 6,7
M15199 2.4 dqusiiatinasounuyle TaInd Sed”

~

auuiiaiiiasou | mesedaa | Ufnsenr | daasoudeduiiidens | wasauvesiiansou

Y

=2}

*' Am-Be 458 o n 22x10° 4 MeV

252

Cf 2.657 Self-fission 43x10 2.3 MeV

2.2 MsMEMNAEBHINTOU (Neutron Radiography)
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Thermal
neutron Half
Material Isotope | Abundance Reaction crosssection life Method”
(barn)
LiF 6Li 7=5 6Li(n, a)3H 940 NA D,R
H3BOs 10B 19.8 10B(n, a)7Li 3838 NA D
103Rh 100 103Rh(n, y) 194Rh 140 42s D
103 104m
Metal Rh(n, v) Rh 11 4.5m D,T
103Rh(n, n")
103mR - 57m D,T
107Ag 51.8 107Ag(n, y) 108Ag 37 2.4m D
Metal 109Ag 48.2 109Ag(n, y) 110Ag 107 24.5s D
109Ag(n, y) 110mAg 4 254d D
Metal 113Cd 12.3 13Cd(n, y) 114Cd 19,600 NA D
115[n 95.7 115In(n, y) 116In 155 54m D,T
Metal
115[n(n, y) 116m[n 42 14s D
149Sm 13.8 149Sm(n, y) 150Sm 42,000 NA D
Metal or Oxide
152Sm 26.7 152Sm(n, y) 153Sm 210 47h D
Metal or Oxide 151Ey 47.8 151Eu(n, y) 152mEu 3,200 9.2h D,T
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ATNN 2.5 mm‘ﬂat’mmm@u%uﬂmmVl“lﬂfclumimﬂmwmﬂmmau (919)

Thermal
neutron Half
Material Isotope | Abundance Reaction crosssection life Method”
(barn)
155 155 156
Metal or Gd 14.9 Gd(n, y) 156Gd 61,000 NA D,R
GadoliniumOxysulfide 5707 15.7 157Gd (n, y) 158Gd 255,000 NA DR
164Dy 28.2 164Dy (n, y) 165Dy 900 2.35h D,T
Metal or Oxide
164Dy(n, y) 165mDy 1800 1.25m D
Metal 197Au 100 197Au(n, y) 198Au 98.8 2.965d D,T

*D= direct method, T=transfer method, R=real time.
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Exposure Time Exposure Time Exposure Time
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1) PSnaumesiatiiasou (Effective thermal neutron, NC)

_ Dy—(highest Dg+ADy)
= D

NC ]

x 100 2.22)°

2) U NUNINTOUNTEI (Effective scatter neutron content, S)

_ (ADp 5]
S = (AD ) x 100 (2.22)

H

3) YSusaunun (Effective gamma content,y)

> Dt —lowDy, [5]
y = (22222 x 100 (2.22)

H

4) 5159790 Pair production (Effective pair production content, P)

p= (AD L) x 100 2.22)"
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A13197 2.8 A1 G 1NAIND18UDI ASTM SI

Value of G | Gap size, mm.*
1 0.25
2 0.13
3 0.10
4 0.076
5 0.051
6 0.025
7 0.013

I ' T Ad A A I~ FY i
* Lﬂuﬁlff]\cl'g’l\clﬂlaﬂﬂq@ﬂﬁ'lll'liﬂll@\uwuqﬂiunﬂ%33ﬂ31uwu1ﬂ]@\iﬂ1w ASTM SI

A1319% 2.9 LaAeA1 H 9100 TN 18909 ASTM SI

Value of H | Gap size, mm.* | Absorber thickness, mm.
1 0.51 0.64
2 0.51 1.27
3 0.51 2.54
4 0.51 5.08
5 0.25 0.64
6 0.25 1.27
7 0.25 2.54
8 0.25 5.08
9 0.13 0.64
10 0.13 1.27
11 0.13 2.54
12 0.13 5.08
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Shim and hole dimensions

1
Shim |Thickness| Hole diameter ‘MIQED wﬂT/
G

a ]
Cast Acrylic Resin []

—=i 5.08 le—

12|18 4]-

gEESS &S B

mefz2)-

gf{s|1 "
A G

0.13 mm —’
Hole 0.25 mm —I

Sires

0.51 mm

Film Side
I

517 2.25 uaasdumis nazvwiavesgllu AsT™ s1”
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2.62.3 MIATINADUANNANTAVDININGY 1AZAN 1IUBINTDIUAINAY Test
strip B

. 3 A P 4 o [
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] a a A 3 ] Aa a
Usznoudie uruezgiifionnu 0.8 Hadwandugiu udunaadionnur 0.5 Tadmas 9123

] 4 Aa A ] 4

PNAFUHIUFUINAN 0.25, 0.5, 1.0, 1.5, 2.0 Haamas 1 0 tazduruguanais 1.0, 0.5, 1.0,

a a AdQd A ~ < Y =K A @
0.25 adwas vuaag 5 3 vinavesgnaniganawsoveuriuld nunenes lagsuvesnin
Funaaane1n s Jaamasviannuneaen fu 13 du 1dun 2.5, 2.0, 1.5, 1.0, 0.75, 0.45,
Aa a ) a 9 3 A ~ < v
0.37, 0.30, 0.25, 0.20, 0.15, 0.10, 0.07 Faamas IFUNaI@ANdUANAgaNaINTONDUTY |4
Wi lvgdu wazanuSeuasvesn i idunaaiionnnuenn 5 daamwas Anunia
A9 1w 7 du 1dun 0.75, 0.62, 0.5, 0.37, 0.25, 0.15, 0.1 Naawas wazuRuNaIEAng1l

ANdoNIRTAVUIA 1.5 uAmag x 1.5 udmas aaihuninsananufFeuaisesnm

Ccd spacing (mm.) holediameter (mm.) wire diameter (mm.)
e ol -
% Q1= .
as ? amm— o
0 — i
8 ow
——
0s 10 8 ~7% \‘”"
g bax on
- 020
028 o8 g : :":
= \w
0s
* o
aw

v

absorber square plastic 1.5 mm.

3171 2.26 Test strip B"
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M1 9N 3.1 ﬂﬂ!ﬁuﬂ@]ﬂ’]ﬂlﬂﬁﬂuu?ﬂﬁ@u PI-200

. MTF
Relative
Name Composition
Bright
HIEness at 1 Lp/mm | at 2 Lp/mm
Protective Layer PET 6um
PI-200 Phosphor Layer | 436 um, 200mg/cm2 0.35 0.11
122%
Gd,0,S:Tb 80 70
(Gd,0,S:Tb) Supporting Layer | Plastic Base 188um (80) (70)
Total 630 um

¢ o
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aa 1 a o I 4
A3MoA Canon EOS U 500D Fniummilunuudued (CMOS) Tagldauduiasgiu 18 - 55
v, wagaodsdyaugeall (USB) nieun USB HUB wthmuiasdsdyana i

é! [ Y @ 9 aa a s Y & A 9 '

WINVY AN UNd0IATA0A LazABNNUADS IHAY MWD 15 1UMIIAIVANNITNIBAINDIN

Ay v o v oA 1o & Y o Ao
53EJZl‘lﬂaLWﬂﬂf]\1ﬂuf]u15]5’]fﬁ]']ﬂﬂ']iiﬂiﬁﬁiﬂﬂuluﬂuﬂuﬂl@Qﬁ‘vnﬂ']ijﬂﬂ

317 3.3 naesATALALANDY JU 500D




49

M3NN 3.2 AaauliAreINanIAINea

Canon EOS 500D / Kiss X3

Effective pixels

15.1 million

Sensor size

22.3x 14.9 mm (3.32 cm?)

Pixel density

4.5 MP/cm?

ISO rating Auto, 100, 200, 400, 800, 1600, 3200 (6400-12800 expandable)
Auto Focus Multi-BASIS TTL, 9 focus points

Min shutter 30 sec

Max shutter 1/4000 sec

Flash range 13 m (ISO 100)

Exposure -2t0o+2 EV in 1/3 EV or 1/2 EV steps
compensation

Metering 35 area eval, center weighted, partial, spot

Continuous Drive

Yes, 3.4 fps, 170 JPEG

Movie Clips Yes, 1920 x 1080 @, 20 fps, 1280 x 720 @ 30 fps, 640 x 480 @ 30
fps

Viewfinder Optical (Pentamirror, 95% coverage, 0.87x magnification)

LCD 3"

LCD Dots 920,000

HDMI Yes

Weight (inc. batteries)

520 g (18.3 oz)

Dimensions

129 mm x 98 mm x 62 mm (5.1 in. x 3.9 in. x 2.4 in.)

d ¢ (v
34 %ﬂﬂﬂ!!?ﬁﬂﬁﬂ!!d@ﬂTﬂ

T150n53 image J Ao lUsunsulumsinsigrinmeais @rlusunsudianuiuunon

MTE519UD9 National Institutes of Health (NIH) Wenu1Nd1in 98909801151 National Institute

of Mental Health (NIMH) @2 115unsuanunsaiinan 1@ laslis1da Analyze, Process Lagfda

v
2

4 v L ' ¢ ' Y
ou wagennsatiuiin lalugiuuy 8-bit, 16-bit, 32-bit Hazenusno I Iduwanamaiiine
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