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CHAPTER IV

EXPERIMERTAL RESULT AND DISCUSSION
/2

Se1 DRetersinatien of Epitherma) index $(T/T,) _snd c.at the

3
FOEA CA O Q. 4 123 4 e 2eX | $'0 R _HNOWULro »

$.%e1 Zpithermal Index ot the Position of 3.3 gue
Results of caduius ratio of various thickness of indium

foil at 345 omes from source are shown in table 4.%+7 and Ha%.24
The foll's area is x1 Juvmnf reapectivalye

‘Fable bels?
CdR
.__..c-;_:u-z_F nfes | “olopm)
1044 | 33545 04 | 680 5e17
2eb | 59345 233 | P 6a9k
517 899.0 5240 1055 84358
6949 | 99340 70,0 109.0 9e11
72¢5 | 9675 7248 10643 etk
992 | 10010 92 | 079 9037
O T e - iy

HeBe e, is the saturated count rates



Table 4e1e2

Bare (C) Cadaniunecovered(C CdRr 4-—#
9945 691 7602 9407
197.2 636 8146 8,025
| 2838 610 7347 8428
3845 587 7345 7499
e SN 77T, ES—.

Results of different analysss of the cad mius ratic
of indium at the position 6f 3.5 ems are shown in table be1.3.
Table be1e3
mmxmummu—us.s«.mm

Se22

320

3«19

34095 | <029070 Se23
323

3e22

[ @22

6949 | 9e11| 402755
725 | 9018 | 402775 3.035 | 030
992 | 9437 | «02990 2.92 «03190
H 2 R 3 =
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m-)nmnmummmmanuw
tion 2434 In the same way column 5 and 7 are epithormal indices
“m“ﬂhﬂh&ﬂ.“ﬂntn“
into oquation 243415, m.umtmmunm
the folle ing relationm:

a. el = (lh"ﬂ‘ ® Necccscsnsssssssscoce{Blets?)

Squation Se%s1 was obtained from (5)¢ CdR, in column 6 18
given in Ammex IIX,
8, = 1.8
= 335
s 021
= 0e92
s 2.21 for caduiun thicknees s 04,0779 cue
G, and G, at various thickness of indium vere shown in Amnex Ie

bete2 Zpithermal Index at The Position of 245 cme

The position of 2.5 ome from source was used to measure the
epithermal index in order te check the accuracy of various methods
of analyses as can be seen in table 4.%.4,

® N a =



Table btk

A RIS G AR S IS 40708 AR SR

, >
| can | #2/2) L »z/e )" ra/e
o - (m-l:h%i e eqne2e3415) “"F (m.a:)ds)

W f pise

0.4 (478 | 4030 2.98 | L0309 3.01 <0304
25.4 |64 0281 | 3.09 | .0292 3,03 0301
S1.7 (8,92 | 0289 | 3.035 0301 M 0297
69.9 8.4 02965 | 2,95 1 0313 3.06 «0298
99.0 (8.8 032 2.89 | 0322 3.07] 0295

;———-A——-—-—*—-
: £ ’o“, .-om

By using a pair of gold foil at position of 2.5 cme, the cadmius
ratio s 5.825 The activity of the bare foil (1.6 mg/en?) is
9175 count per 30 minute and that of the cadmiumegovered foil
(42.2. ag/end) is 1252 count por 30 mimutes The value of w(%/2 )"
= 40302 4o obtained from equation 2.3.24.

For gold of thickness 41.6 mg/ems

= 173

. 0.09

1,005

= 099 see (&)

. 229

G, & <965

l, = 365

® W & -..
L]



From the cadmium ratio, 4t is possible to utilise eguatiom

202415 to cbtain e The sodification of oquation 242415 is noede
«0d in order to be applied to thick foilse

For inddusf at position of 3.5 cme from sctroe, 150 and
2500 barn ave used as O and O respectivelys Then B can be
caloulated as followss

P 14128 = 2500( 925322 » 1)
s 00277 , .
At position of 245 ome from source, for indium P can be caleulated
a8
potmatam
10128 = 2500(e92534005 = 1)
s 0,000
mmu?ugmmwuumw.a

98.8

10128 x 1558(.99x2.83 = 1)

= 0.0312
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fable 4.1.5
Sumnery of the vesult of »(2/%,)" ana P et the positien
of 2.5 ous and 345 omi 4k |
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Discussion < .

From tho vesults of different analyses of the caduium
ratio of indiun, opdthernal index wes caleulated ss shows ia
table 4.1.5 and B.1.4 st the positions of 3.5 om. and 2,5 om.
respectivolye In case of 2.5 om. position, epithermel indox
in column 3 which was caloulated by using equation 2.3.%%
has large voriation. The difference from the average vulue

ness in column & ave not very consistent. It is felt that G,
and G, of indius folls obtained directly from Baumann'e
veport (2) moy not be correct. OConmider the epithermal
index in celums 7, the results show small variatien snd
the esrer of caleulation 48 £ 0,000354 and the average.
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epithermal index is 0.0299 £ .000354. In table 4.1.5 the result
for gold foil agrees with the average value of indium, Therefore
the epithermal index which was calculated by using equation
4,3.,15 with the cadmium ratios at the zero thickness of indium
foil from Annex III gives the accurate results. The cadunium
ratio at sero thickness of indium foil of this method has high
accuracy value. The advantage of this method is that Q’u‘l‘h
self-shielding factors are not necessary. The factor Q, (x)/
Q‘,‘(:) depends only on foil properties and does mot depend om
the flux ratio or the detector. This includes the effects of
self-shielding for neutrons as well as the self-absorption,
self-scattering and back-secattering of beta particle.

For the position of 3.5 em. from source, poor results
were obtained by using eqn. 2.3.1h. These come from the
inecorrected values of &, ‘and may be G, of indium, The
accurate result of !"(!/207“ was calculated by means of CdR
in Annex III and the result with error cmttcn is
0.0275 & ,000265, Besides, @ /G, ratios in table k1.6 of
column 2 are greater than those in column 3. This means that
@, obtained directly from Baumann's (2) may not be correctad
for the total epithermal self-shielding in case of indium. The
better method to be used in the «tomhua of r(!/‘!.")” is
to use equation 3.3.15 with cn. " from Ammex III. However,
if foils are not very thick when ‘i is eclosed to unity,
equation 2.3.1% and 2.3.15 give almost identical results.



Table %.1.6

Wum"mum-:mxumn&
function of the the function of the thicknesss

IETTL

"/ It should be noted that the caleulatien of P da mot as
rigorous as that of »(2/8)%, sincs the factor ¥ and aleo the
vardation due to cadmium eut-off are neglecteds Hewever,
in case of gold and indium, these corrections are smalle



%2 Esitherms) Injices st Vorious Positiomin o Water fapk.
A padr of indium foll of 1.5 en. diameter were used.

The weight were 661.2 and 661.4 nilligrem for bare and cadniune

covered foils respectively. Results of epithermal indiecs weve

shoun 4n table §.2.1.

Table 4,2.1

25 | &s | %o <0304
3.5 915 | 3.9 «0279
5.5 | 10.8 3.61 0232
7.5 | 124 8,03 01988
95 | 1B | Bbe «01760
M5 | 18| 482 +01565
3.5 | 159|486 401555
195 | 1637 | 505 075
75 | 15658 | M86 +01585
0166

95 | Wbk 861

CdR was ecaleulated by using the application of Ammex IIX

Whoro,  «92M0AR, = 1 = (J92F0AR « 1)x.26, Column & was
obtained by ueing OdR, in column 3 but deleting G,, and G
Por dndium, at the thickness of 93.6 ag/en”, G, end G, were
+2 and 86 respectively (see Ammex I).

3
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FIGURE 1.2 .1
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FIGURE 4 3.9
Epithermal index cal oulated }vuwn
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From figure 5.2.2 the epithermal index is 042 at the origin
of neutron cource.

The minioum of epithermal index is at a position of
15,5 cn. fron source. This can be explained that the dogree of
thermalisation 4s mazimum at a distance of 15.5 em. from source.

b3

A paip of gold foll were used to measure the conventional
thermal neutwon flux (§,,) st the distance of 2.5 cm. fram sourece
as Bhown in table 4.3.1. The counter efficiency was 7.,29%.
Table 4.3.1
Phormad neutven fAux (§,) of godd (au'"7) ot the
distance of 2.5 on. from souves.

sm 908 w776 6e2210°

m‘a—-umua-unuuum
digintegration rate and reaction rate., Some useful paranoters
in neutren flux caleulation are the following s-

For gold (4a'%%)
Bope foil thickmess = 41,6 mg/end
Codniumecovered foil = 42,2 .

¢t = 94,3 hour.
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t, = W minute
Rhe®w *
halfedife of ' o A8 bouwr
G, and G, ove o365 and 965 respectively. By using the seaven-
tional thermal neutron flux of table 4,3.1 as the referonce flux
at the position of 2,5 cm. from source one can determing the
values of conventionmal thermal neutron fluxes at variocus distances

fron source.

Table 4.3.2 showed the welue of §, at varioun distance
from source, Indium foll of thickness 661.2 mg. snd 661.5 ug.
weve used oo bare and eaduiumegovered folls respectivelye

Table b.3.2

2.5 10000¢ 1179 88220 6.2

3.5 91702 10016 81686 Se 74
5e5 76000 7035 68965 4,85
75 58974 4762 sh212 3.01
95 42020 3020 39000 2,76
145 29036 1880 27156 191
13.5 180b3 1159 16886 | 1,186
1545 12699 776 1923 | .83
175 84358 43 7915 «556
19.5 5998 %10 5588 «393

TRREE M. SIS
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The results of conventional thermal neutreon fiux at various
distance was plotted in Fige 4.3.1

44 Noutroms Radia) Distribution.

It ia of interest to examine the trend in the radial
distribution of fluxes from a point source in waters

From the same data of table 4.5.2, table bebe1 can be
constructeds The products of the square of the distance with

count ratos of thermal neutron were plotted as a function of
ddstance from source in figure Sab.1.
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Table 4.1
Radial distribution of thermal neutron flux as a function
of distance from source.

PO mer o ——
dictance x I’ziﬁtﬂ,
(ems) i
2,9 Se51
3.5 10.0
5a3 20,84
%8 30,4
25 35.0
M5 35.91
135 30.79
1945 28.64
175 2b o 24
19.5 ai.al
L--—m—

‘ Trom grapth hohel the i nermal neutren dlotrie
bution apparently gooc through a maximus im woter rather clowe to
the scuree. It wus 10 ou. from source.



%5 Effigionay Of The Detesting Fold-

mumm-uum.-bm
of indium foil thickness. Mﬂ”dh‘.%ic‘ and
thermal neutren flux (6.2x10° noutren/on? see) eme cen caloulate
the efficiency (B2f) as in the table 4.5.1, G, from annox I
were used.

Table 4.5.1

umuumunmmwm
"mu X1 , ‘
_ 3% mwmu’uamum‘lﬂam
'-;wwnl“. mqmnumu.nnomumu
distance betwoon the window of the counter and the activated fedl
sample was sbout 1 centimeter apart. The efficiency of the coune
ter wns dotornised by gold fodl of 41,6 thick with avea 121 en’
The result of an average efficiency was 7.00% . From graph the
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FIGURE 4.51

E}}icignqy of the dcfcc‘h‘m‘ eil o
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EFFICTIENCY (%)

S




ik

ARNBX I
and of Indiume115

[ 2esenance Depressiem Factors for In''> activatelin isetopie
flux. was given by NePs Baumann, ANG Research and Development (2)s |

WY R R RN i e e 2
ngo/on” S | . %
1—-—-—-——-&-———-——-——#—-—-—————
0403 04988 T .
0et 0977 1
02 0959 0.999
045 04920 0.998
1.0 04868 0997
240 0,796 04993
540 ] 06987
1040 0.519 04976
2040 Ok 06956
30.0 0o 334 0e93%
4040 Oo29k Oe924
6040 0.243 0.897
10040 - Oet92 04850
200,0 0e134 0759
295040 Oe120 0e720




o

¥

k¢

o

2 FIGURE ™

o

&

5 Resonance depression {'ﬂc’for[cﬁl
: T

z and theymal | q+h] Tw"%activate v
< : :

= isotropie Hux. P =1 end

Lo

q

G

——

0 L I 1 1 ] l ] 1 | l ] ] L l ] I l | ] I
0 20 40 éo 80 180 14,0 140 140 180 200

'S
FOIL THICKNESS [ ™T/cw]




5.‘&.‘“"”0
[hmmlﬁmnlﬂnﬂuﬁmuw
correctione G, and G, were obtained directly from M:iSe. Thesds
by Sudbiravetde Ve (9)s |

e e i
sso/en’ “ | 8
Rt 99 2 |

6.7 98 53

479 +962 o34

557 «96 «325

705 —y 29
1347 .92 o2h |
L——-—-—-———h—-——-—-—-—-——-—-——-——«
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ANNEX XXX
Determination of of imndium

The ratic of thermal to epithermal activities per milligram
of the activated indium foll at sero thickness can be determined
by the method given by reports (3) and (&),  The important equa=
tion 4s
whore Ay (L&(cmwmwuuuw«mm
at thickness x and sero mg/eu’ respectivelys B $2), A, 0 (0) ave
mmmmuunmmuam:-am
“Mmo' l

. :n... 4 “’
L
Sopa ) ‘m‘“’
Q“h)-le“whpﬁiuuumum-uw
aium and the detectore mmm-mwcuu-.u-wu
for neutrons as well as the selfeabsorption selfescattering, and

backescattering of beta particlese
Agp(x) L F canlx) = 1

where X » fraction of thermal meutrons transmitted by the cade
“utuwmummxmmw
ﬁom MWmmt«mn
indiums For the 04,0779 cms cadmium used in this ewperiment
Mr-o.nuazgoumm-cqu(ﬂh.“wn.
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Muumum.muummmum‘
from Cdn(x) of any thick follss The position of foil 4s 3.5 ome

| thtoknoss (x)| cantx)| Spp(® | Agle) | ggp

| tagfend®) QUpa (2 Agpa ()

1064 517 0.523 1496 Se22
2544 6494 036 1937 3420
5%7 8.58 0.28 14929 319
699 | 9611 | 0,268 975 | 3e23
7245 9e 10 D267 1975 3e23
992 937 0257 3e22

1998
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ANNEX IV
Eeror Calceulation

The error is defined as followas

ne1
there n is the nunber of cboervationss For the results of oxpe
oriment in table Betel at the position of 2.5 ciey 0 « 5

n P ] el | e
sw® x w2  awe
‘ ,
Je0% (] 060025
5401 0a02 040004
2497 Cela 040004
2098 0.0 040001
2495 0s04 0e0016
& o299 x 07 | « 040080

W

s 2 Jocassh
In the Same way the error of the results in table .13
at the position of 3.5 cme, n = 6, 48 & L0002645,
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