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The purpose of this research is to study the distributions of
fast neutron fluxes and thermal neutron fluxes surrounding 5 Ci Am-Be
cylindrical neutron source in water and paraffin by using two-group
diffusion theory and neutron activation analysis. Al foils are used for
the determination of fast neutron fluxes while In foils and Dy foils
are used for thermal neutron fluxes. Both fluxes are measured at 3.3 ,
5,7, 9, 11, 15, 21 cm. from the center of the source at the angles
of 0, 45, 90, 180 , 225 , 270 degrees for each distances.

The results show that fast neutron fluxes in water at
distances between 3.3-9 cm. , determined by experiment and theory are
(237.79-10.64) x 10° n/cm’'s and (124.52-0.65) x 10 n/cm s and in
paraffin are (233.14-8.21) x 10" n/cm' s and (87.33-0.64) x 10  n/cm s,
respect.ively. Thermal neutron fluxes in water at. distances between
3.3-21 cm., determined by experiment and theory are (33.48-1.02) x 10°
n/cm s and (139.96-1.689) x 10_ n/cm' s and in paraffin are (40.75-1.09) x
10s n/cmzs and (891.72-0.16) % 103 n/cmzs , respectively.

In sommary, fast neutron fluxes in water and paraffin obtained
from experiment. are higher than those calculated from theory. In water ,
thermal neutron fluxes from experiment are approximately the same as
those calculated from theory at distances larger than 9 cm., but in
paraffin , thermal neutron fluxes from experiment are approximately the
same as those from theory at distances between 9-15 cm. only. Thermal
neutron flux densities above the top and below the neutron source

are less than the corresponding values elsewhere at the same distances.
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20.2 = 1.9 Co-60 5.28 y

NBIUAY Cu-63(69.1) 4.14 = 0.20 Cu-64 12.87h
Cu-65(30.9) 1.8 + 0.4 Cu-66 5.14 min

(3 Ag-107(51.35) 45 = 4 Ag-108 2.3 min
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(Knoll. 1979 : 77Q)
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9R 22.5520.86 | 16.01+0.64 | 16.49+2.18 14.64+1.83
11R 13.80+1.71 | 10.70%0.46 | 12.1240.40 10.930. 43
15R 7.3120.47 | 4.7220.18 5.680. 39 5.2040. 17
21R 2.1520.21 [ 0.7620.21 1.18+0. 14 0.9020.02
3.3L 36.14+0.63 | 24.57+1.19 | 32.06=2.70 28.79+2.55
5L 40.50%0.31 | 25.03:0.66 | 36.70+0.02 30.06x3. 24
7L 32.33+4.81 | 23.73x1.32 | 25.99+0.35 21.99+1. 22
9L 24.69%0.34 | 18.2620.68 | 18.83+2.77 17.7920.33
11L 17.90+0.64 | 12.2820.86 | 14.84+0.39 12.99+0.44
15L 7.98+0.08 | 6.54x0.84 6.44£0.04 5.6320. 15
21L 2.19£0.03 | 1.69:0.19 1.5120.05 1.31%0.05
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1znsQﬁﬂ§a§u£naﬂq Wntinsauinadia GeTawgn. T 0w x 10°
DBIFUN U UATIRTBY
(u.) Dy In
E = 94.6 keV|E =361.7 keV|E = 1097.1 keV|E =1293.4 keV
3.5R 45.76+2.48 | 34.16=0.98 | 40.91x1.64 35.09%0.05
5R 45.40+2.22 | 32.12+1.97 | 39.1126.78 34.58+6.08
™ 35.40£2.04 | 25.81+1.38 | 24.99:0.41 22.6520.26
9R 26.7323.12 | 17.16+0.63 | 19.39%0.44 16.97+0.08
11R 22.42+1.99 | 11.51+1.35 | 13.140.20 11.37x0.20
15R 6.31x0.30 | 4.1820.77 5.8520. 22 5.010.18
21R 1.83t0.14 | 0.29:0.04 1.37£0.09 1.1420.03
3.5L 44.66+1.76 | 32.74+0.75 | 42.43%0.93 34.910.96
5L 47.48=1.12 | 33.8923.20 | 36.12%0.43 30.69=1. 17
7L 35.93+0.54 | 26.70+0.72 | 27.54%0.74 25.92x3, 29
9L 26.84+0.95 | 19.71x1.36 | 18.11x0.57 15.94:0. 29
11L 17.46+0.84 | 13.1820.64 | 14,08x0.30 12.43+0.25
15L 7.080.20 | 4.61x0.57 5.77+0.28 5.24+0.25
21L 1.78+0.46 | 0.330.06 1.410.08 1.2420.03
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1suxa1n3@§uﬁnaﬁq Wantiinsauinadiia Ghnsewsan. 2. % x 10°
TANEAN L UATIATAN
(7. ) Dy In
E,= 94.6 keV|E =361.7 keV|E = 1097.1 keV|E =1293.4 keV
3.3R 38.62+0.16 | 29.932.69 | 38.16x3.47 33.78+3.55
5R 37.32£0.89 | 27.56+1.23 | 35.593.83 31.59=3.24
7R 31.06+0.98 | 21.8420.41 | 22.46+0.68 19.8610.66
9R 20.72+1.20 | 14.7120.78 | 16.81+0.03 14.89=0. 22
11R 14.34+0.84 | 10.60£0.93 | 12.7820.42 11.26+0. 32
15R 7.13x0.42 | 4.22+0.28 5.54x0.21 4.790.22
21R 1.71£0.07 | 1.58+0.20 | ~ 1.3620.02 1.17+0.11
3.3L 40.30+1.24 | 29.30+0.74 | 39.10+0.99 34.46+0.71
5L 40.37+0.54 | 29.68x0.48 | 5G.02z4.28 31,6443, 86
7L 31.4622.01 | 24.3122.46 | 22.88+5.35 21.45%1.66
9L 24.46+1.15 | 17.07+0.29 | 18.38+0.04 16.39+0.12
11L 17.49+1.81 | 11.82#1.11 | 13.09%0.52 11.5820.15
15L 7.05%0.73 | 5.13:1.06 5.87+0.05 5.1920. 17
211 2.03x0.15 | 2.74%0.79 1.48%0.03 1.36+0.07
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1=aeqqn3m§uﬁnaﬂq wantimssuinatiin Ghesawdn. . 3ua x 10°
TASHUN L UATIRTEY
(L. ) In
E,= 94.6 keV|E =361.7 keV|E = 1097.1 keV|E =1293.4 keV
3.5R 47.08%0.50 | 37.02+0.95 | 44.0320.92 40.12+1.05
5R 48.69%1.14 | 36.59+1.83 | 48.14+0.78 42.1320.78
7R 35.60+0.53 | 27.24+0.32 | 27.81x0.21 26.05%1.50
9R 25.010.37 | 18.35:0.28 | 25.44:0.79 21.2120. 49
11R 15.73+0.46 | 11.840.61 | 10.80%0.28 9.22+0.06
15R 6.67x0.14 | 4.41+0.39 6.04x0. 19 3.7220.07
21R 2.20£0.12 | 1.54%0.10 1.100.03 1.01x0.02
3.5L 50.84x0.83 | 38.5120.53 | 54.49x3.31 40.37+0.66
5L 50.760.71 | 39.30%0.27 | 49.35+1.64 43.58+0.31
7L 37.0120.43 | 30.64%2.34 | 30.40%0.70 26.27+1.39
9L 24.56+0.28 | 19.22%0.10 | 21.98:0.18 19.5420, 23
11L 15.9420.47 | 13.260.17 | 10.41+0.49 10. 10+0.06
15L 6.29+0.17 | 5.22:0.18 4,850, 19 4.12+0.14
21L 1.91£0.06 1.57+0. 19 1.12£0.10 0.940.04
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7zﬂzﬁﬁn3m§uﬁnaqq WinaeTaulnatlia GlanTauw/dn. 5. x 10°
HAAUN L HANIATEY
(74.) Dy In
E = 94.6 keV|E =361.7 keV|E = 1097.1 keV{E =1293.4 keV
3.3R 43.06+0.44 | 30.180.98 | 40.52x1.23 35.74=1.20
5R 40.17+0.72 | 28.96x0.82 | 34.82+4.63 30.86x4. 19
TR 28.95+0.94 | 21.380.52 | 23.33%1.33 20.57+1.29
SR 22.00£0.57 | 16.01x0.61 | 20.14%0.10 17.8520.29
11R 16.69+0.05 | 11.33t0.51 | 13.19+0.59 12.03+0.27
15R 6.78+0.29 | 4.05+0.48 5.38+0.89 4.83+0.85
21R 1.60£0.04 | 0.3320.01 1.36£0.12 1.18+0.08
3.3L 42.64x1.45 | 32.47+2.40 | 42.06+3.06 37.64%2.69
5L 40.58+1.82 | 30.75x2.20 | 36.36x4.32 32.99+4. 96
7L 31.97£1.09 | 23.20+0.41 | 25.46+1.29 26.62+7.08
9L 29.41+6.48 | 17.70£2.27 | 16.4620.24 14.6220.15
11L 20.37+4.70 | 14.43+3.99 | 15.96+3.92 12.3520.22
15L 6.5910.81 | 4.6121.07 5.53+0.66 4.7720. 49
21L 1.74+0.13 | 0.91%0.08 1.24%0.07 0.930,25
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1sazawn3m§uﬁnaﬁq AnThianTawnatia (Ghasaw/ae. . ui x 10°
BANGUN L UG TB
(fu.) Dy In
E = 94.6 keV|E =361.7 keV|E = 1097.1 keV|E = 1293.4 keV
5.5R 52.70£0.92 | 41.57+0.50 { 50.85x0.59 45.700.93
5R 57.04£5.68 | 39.10+2.98 | 41.50x7.19 36.42%6.95
TR 37.54+0.65 | 27.65+0.53 | 30.26%1.56 25.75+1.38
9R 26.010.45 | 19.17+0.40 | 17.83%0.36 16.00+0.12
11R 16.8120.48 | 13.0120.25 | 11.1520.26 10.06%0.18
15R 7.18%0.35 | 5.410.21 4.94x0.07 4.17+0.08
21R 1.730.08 | 1.45%0.08 1.21+0.03 1.10+0.01
3.5L 56.45x0.68 | 41.07:0.44 | 56.83%1.85 48.3020.66
5L 48.96+0.61 | 37.72+1.82 | 41.82%7.36 37.46+5.81
7L 39.13+0.65 | 28.40£0.13 | 29.480.33 28.1524. 37
9L 23.62+0.27 | 17.7120.50 | 21.7620.31 19.56+0.35
11L 17.3120.44 | 13.37+0.22 10.50%0. 14 9.15x0.16
15L 6.99+0.09 | 4.87x0.24 4.63x0.14 4.21+0.15
21L 1.7620.08 | 1.3510.09 1.2140.01 1.13+0.07
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o wr J,.lsu < - -, £ o ] oy sy uty, - . o < - ¥ EY) o -
RN AL NAINUNTAUAW L Na TR TN LR TaMmeRiEuL Aaw AILAUO WU TIULL
ar » o 4 : o da S ar -
PNUFIBENAWNTUINT (34)  ulnTIRTIUR e | hadindioaTanat na S i

ug ar o for ] P ] 4
uavaﬁﬂqﬁu338u1ﬁﬁ1uaﬂﬁﬁ1m1au3§snaﬁuanssazuasguawq 1 AUAAITUAIT N6 TR

- £ us S v i
A1319 18 Nt IR TaumiL na i TMIN A INA 1T Ie Y SRUNIN TR ST 1097, 1 kev

ﬁgudqﬂ I
1saxqwn§m§u§nana anfioaTaudminadia Saasaw/ . 2. Junih
BAIOUN L LI TA
(74.) 0 2461 45 a4 90 avdn
3.3R 5529 = 74 4487 + 67 5197 = 72
5R 4029 + 63 3776 + 61 3531 + 59
7R 2208 + 50 2330 * 48 2089 = 46
9R 1470 = 38 1178 = 34 1773 = 42
11R 1221 + 35 822 + 29 805 = 28
15R 418 + 20 326 * 18 287 + 17
21R 108 + 10 90 = 9 68 = 8
3.3L 5473 + 74 5077 + 44 6793 = 82
5L 4074 + 64 4389 * 66 3896 + 62
7L 3097 x 56 3075 =+ 55 2363 = 49
9L 1794 = 42 1619 = 40 2209 = 47
11L 1019 = 33 1063 =+ 33 1033 = 32
15L 506 = 23 401 = 20 269 + 16
211, 102 + 10 96 = 10 93 = 10
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1293.4 kev

1sa=a1n3aguénawo AnithasauBtinatia Ghesaw . 2. Suih
BONUA L AR TaY
(H3.) 0 a8 45 A9 90 AN
3.3R 4811 * 69 4047 = 64 4682 + 68
5R 3513 = 59 3442 + 59 3132 = 586
7R 1984 + 45 2069 = 45 1853 = 43
9R 1262 + 36 980 = 31 1510 = 10
11R 1043 + 32 737 + 27 723 = 27
15R 351 = 19 310 + 18 256 + 16
21R 99 £ 10 73 £ 9 59 + 8
3.3L 4966 + 70 4555 + 67 6032 = 78
5L 4217 % 65 3866 + 62 3481 + 59
7L 2765 * 52 2739 = 52 2023 = 45
9L 1580 + 40 1421 = 37 1925 =+ 44
11L 960 + 31 902 + 30 927 = 30
15L 462 + 21 360 + 11 246 * 15
21L 88 + 9 76 = 9 76 + 9
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A1 20  WENRINATRUANL NETHATUWN T IIE A INANTIAT SRRNNMNTME 99 1097.1 keV
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s
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ar do oy & as 2 o of
WANTHIGIAUDWL SR (WIRTAW/ . . 2UN)

PAEUA L URLIRTEU
(7. ) 0 a9 45 avdn 90 avdn
3.5R 5342 £ 73 6178 = 79 6186 = 79
SR 4123 + 64 4603 + 68 3730 = 61
7R 2484 = 50 2283 x 48 2284 x 48
oR 1188 = 34 902 = 30 1143 = 34
11R 778 = 28 802 + 28 809 = 28
15R 376 = 19 275 = 17 240 = 15
21R 81 = 9 80 = 8 73 £ 9
3.5L 3829 = 62 3669 + 61 3837 x B2
5L 2331 = 48 4686 = 68 4749 = 69
TL 2420 = 49 2839 = 53 2572 = 50
9L 1613 = 40 298 = 32 15089 = 39
11L 713 = 27 B13 = 29 860 + 29
15L 421 + 20 237 = 15 246 = 15
21L 61 = 8 56 = 7 63 £ 8
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A1919 21 WANTHIATAUAWL NATHATIMNIT I 3TINNTTIATIRIANN WA 94 1293, 4 keV
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ar dan <y & ar < 2 a <4
ua WA TAUBWLNATHA (UIRTOW/TU.  WIN)

1a96UN" L UAIRTEY
(1. ) G avdn 45 a9d1 90 Bvdn
3.5R 4851 * 69 5437 = 73 5484 = 73
5R 3659 = 60 3968 = 62 3261 = 57
TR 2244 = 47 2035 = 45 2055 = 45
9R 1047 + 32 1064 = 32 984 x 31
11R 676 = 26 722 = 26 676 26
15R 349 = 18 241 = 15 222 15
21R 72 £ 8 T3+ 8 63 a3
3.5L 5308 + 73 5366 = 73 5477 = T4
5L 3280 * 57 4161 x= 64 4153 + 84
7L 2477 = 50 2547 x= 50 2363 = 49
oL 1428 = 38 1111 + 33 1325 = 36
11L 669 * 26 754 = 27 757 + 28
15L 381 + 20 212 + 15 205 = 14
21L 21 x5 54 = 7 56 7




74

o w  do -
2.  HANITAIH M RRNTUIRTBUL T

- o d < [ <f <y o o
ﬁwﬁﬁuﬂ11uﬁuaﬂﬁﬁamsau$ﬁuT@ﬂ1§uuua§ﬁLuﬂNTHaﬂuﬁamiau HaeTaus Faeem
T (,p)  wasUiiien (n,0)  Au Al-27  haEnTiwiie TRt edana T el nm

a ] w~ da <
paNUY gAYl s AR s auL SATRITHRNNNT (23)

wr + o o do o oy
fI8871901TA M MMIWANTUINTAUL 320LINTEN (D, D)

4 o 1 o < ~ a < < =4 o] a
LiEueuallLilaN witn 0.3209 ndN lWaTAlwTaunTEaY 3.3R Tam 45 TR

K - = @ w ; o o e
AATAUENET HanTaut S iiitan (m,p) iy Al-27 18 Mg-27 T tusnsiniue¥ed

o b o - [y - W ol -
AATIEIM 9.5 U AR HTRISHLANIITMAINTY 844 keV Tasidayaci il

YIRnad Al (W) = 0.3299 aJu
wwninasAaynas Al (M) = 26.98
23
(amesTNTAT (N = 6.02 x 10
ﬂqqugauﬂaq Al-27 (K) = 100%
AI9aIanas Mg-27 (Ty) = 9.5 um
as ), oy £ -3 —Za 2
AWMARIINNBASULNTEN (n,p) () = 11 x 10  x 10 §itTR
UreAninwoawindamiaeeu 844 keV (E_) = 2.109%
A28 BUDDITVHLOLUNTRA SN 844 keV (Y) = TO%
AMNERMWANT L 844 KeV clt ,t ) = 175
t. = 100 Swm

1

oy -4
t 1600 WM

2z

il

a4 o 1w = o 1 e
LHALTUANATY 7 ATUANATT (23) TeauRnTiIngaul 31 dathany

B < -
@ = 2.40 x 100 WIMTEW/TH. N
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- ' o ar de [ o,
maaﬂﬁanwsnwuaquwanﬁuamﬁauL71q1nﬂﬂﬂiaﬂ (n,%)

Luauﬁuwuaausuau wiin 0.3107 n¥u TlanfaTauiseas 3.3R nun 45°
nawﬂquuaumq uqniautiaqzﬂwﬂgﬂvﬂﬁ (n,«) Ay Al-27 16 Na-24 %ﬁlﬁuﬂ?iﬂﬂﬂﬂﬂ?ﬂg

He3eiin 15 F2Tae NAETR IR TWE Y 1368. 4 keV T@aﬁﬁﬂgaﬁqﬁ

#myas Al (W) = 0.3107 nJu
wwviinazaausas Al (M) = 26.98
23
LanasTIn1Ing (N> = 6.02Z x 10
ﬂ?ﬁNQﬂNﬂﬂﬂ_AIJET (K) = 100%
A39830789 Na-24 (Ty) = 15 R eTe)
MAGAEINBESIIAGEN (n,®) (o) = 0.725 x 10 ° x 10 2% fu. >
LTSRN UNE I TR ST 1368, 4 keV (E ) = 1.319%
RQWNLﬂuﬂaﬂiﬂguﬂuuﬂﬂwaﬂﬂﬂu 1368.4 keV (v) = 100%
wn‘tmn‘ﬂwnwﬁ'wﬂu 1368.4 keV c(t ,t ) = 541
t. = 100 per
a o
t = 10100 ®wn

2
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ar da < Y o ] < o
A9 22 WANTUIRTEUL TITUUNNIZEYR Y 7] TR O

5383Q1ﬂ19§u£ﬂaﬂ0 wintesautss  Ghesawru.® Juah x 100
TANEUN YL HAUIRT AU
(7u.) E, = 844 keV E, = 1368.4 keV
3.3R 208.05 + 3.80 991.06 = 0.99
5K 100.95 * 7.B5 426.87 * 0.65
7R 41.96 + 18.18 217.42 + 0.47
9R 16.36 + 8.31 43.80 = 0.21
3.3L 288.23 % 29.39 748.13 + 0.86
5L 101.38 + 31.97 482.92 + 0.89
7L 33.32 = 7.19 226.49+ 0.48
9L 10.40 = 2.74 93.23 = 0.31
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o < i . ‘ o
WANTHIETBUL TN T RN TESEANS 9 ﬁqu 0

1sa=1ﬁn3ﬂ§u£naﬁe WinteTawds  Ghesawdn.© Juw) x 10°
PASEUN L TR INTER
. ) E, = 844 keV E, = 1368.4 keV
3.5R 244,00 + 7.39 1152.43 = 1.07
5R 90.82 = 3.59 493.84 % 0.70
7R 24.21 * 5.49 160.55 = 0.40
9R 8.00 + 3.33 73.02 * 0.27
3.5L 227.38 * 5.72 1595.23 = 1.26
5L 135.08 = 2.25 426.69 = 0.65
7L 28.68 * 3.94 132.07 *+ 0.36
9L 7.00 = 1.19 95.94 = 0.31
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1sﬂsﬂ1n3m§uénaﬂq WinitiomTaus 3 (aaTawtn.® uh x 10°
PASRUNLIGUIRTAU
(. ) Ev = 844 kev E\r = 1368.4 keV
3.3R 242.96 = 3.97 871.01 + 0.93
5R 104.69 = 5.43 396.44 = 0.93
7R 28.87 = 5.02 226.69 + 0.48
9R 13.64 + 2.93 73.05 = 0.27
3.3L 258.16 = 2.88 967.91 = 0.98
5L 100.79 = 7.62 400.13 + 0.63
7L 38.39 * 7.62 172.22 + 0.41
9L 10.83 = 4.39 44.85 = 0.21
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1sﬂsa1n3mﬁu§naﬁq WndhnTaw$r  Ghesawu. > Sunih x 10°
PagEHAN L RATIR A
(7. ) E, = 844 keV E, = 1368.4 keV
3.5R 248.76 + 8.65 848.85 = 0.92
5R 94.92 * 9.73 419.48 = 0.65
7R 28.62 + 4.25 184.07 + 0.43
9R 11.64 = 4.54 59.24 = 0.24
3.5L 217.29 + 4.95 859.75 + 0.93
5L 129.15 + 3.72 428.21 = 0.65
7L 25.14 = 7.16 162.93 = 0.40
9L 7.81 = 0.43 76.29 = 0.27
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1sasﬂqngm§u§naﬁq WinfmTau S Ghetawn.” Juaw x 10°
2DIFUN L UG IR TaN
(Zu.) E, =844 keV E, = 1368.4 keV
3.3R 192.31 + 12.74 855.66 = 0.93
5R 76.30 = 12.30 323.28 = 0.57
7R 21.58 = 2.06 266.92 + 0.52
9R 12.62 = 3.34 68.23 = 0.26
3.3L 237.01 * 8.62 855.54 + 0.92
SL 90.18 = 10.81 340.59 = 0.58
7L 24.42 = 1.93 111.97 + 0.33

9L 11.36 = 1.26 53.12

H.

0.23
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zazqqﬂgaﬁuﬁnaﬁa Wintiatauida  Ghesawsan.® Junm x 10°
PAIGUN L UALIRTAYU
(2. ) E, = 844 keV E_ = 1368.4 keV
3.5R 241.54 = 5.97 730.67 = 0.85
5R 90.82 + 8.23 316.20 = 0.56
7R 24,65 = 6.5) 128.22 + 0.36
9R 7.64 = 2.18 61.23 = 0.25
3.5L 221.87 = 4.42 703.59 = 0.84
5L 136.05 + 4.44 285.07 = 0.53
7L 24.64 = 7.18 191.52 = 0.44
9L 7.14 = 2.38 36.12 = 0.19
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AWMITURINAINUN RIAITATS 9 369 (Lamarsh. 1975 : 181)

T o= 27 "
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