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r '/I? anel il' heve b~ ~a8ure4 for e plene tisp 
• , • -<. • 'j' : 

, ' 

dOD source in gr",pl'J.lte" '.ftle vel,.,: t" ,D 31006 _2. 
. ~' .. . " 
" .' 

-:rr · U048 :II: lO~ .1:, 'and .or'1 • 5.23' x 10" _6 were 

~bta1ned. !he V&l~. ~:' ~!. ~ .10·~~ ~, is lOWer then the 
'. . ~;, . ' 

previously acoepted T~lue of 31r".~. ,It seems 11kely that . . '. ,. 

Qeriain tree sport cO+- r~cti ot. mqD:c.t h,v. been ,pplied to 
. !. <'t', 

:::--

the data in ~he eer11~r work, ~n. that the d1tterence between 
~ I •• : ' . "}; ~ ,. • 

the earlier '9"81u.e an(l,our rti~u.lt 1e due tc thia" 

''''~ ," ', ... " .::*Jt;~~:;". ~.yi ,> '... : ;~~Jf';j;~r:'~~ • 
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I.. INTRODuctION 

The purpose of this 'work ft8,' first .. to measure in graphite the 

spatial distribution of indium reaonanoe neutron. trom a fl •• lon 

source out to larger distanoe. tromthe source then preTious mea~ure'" 

menta had been caJ:"rieda leoond, 1;0 .ee whether this extension of th.!') 

meaaurem&nts would affect the value of '7 now in ueej andl' thlrd~ to 

obtain ";t and higher mo_me it pooe1 b 18 0 

Previous Rea8UreIDBnts have uae4 e point 80uroe of ri •• ion'neutrons .. 

In our experiments" to obtain flo greater source strength, a plane source 

geometr,y was used. The theoretical treatment of weinberg and Rose, 

MonP-240 and MonP .. 291" we8 used to reduce our moments llIealured in a 

tinlte graphite block: to the corresponding 1Il0000ellis for a (point ).ouree 

in an infinite e;raphite blockQ (Thus •• fOlU"tti.' purpoee of this work 

wae to obtain nn experlnental cheok of this theoretical teohnique .. ) 

II" EXIERI,.NTAL DETAI18 

(A)' Introduct ion 

The fi8810n neutrons for the measurements were Obtained b1 the oep~ 

ture of thermal neutrons ill a uaS5 .ouroe lDoUllted in • graphite priem., 

The thermal neutrons came trom the thermal colUllll ot' the otUiL pUe u 

The apatial distributicn in the graphite pri.a of indlum resonanCe 

neutrons was measured by Obtaining the ssturated activity - As - on the 

source 8ide of cadmium covered indium tol1a sctivated in the graphite 

.. ~,~x~" 'I. ·9)-i\1\;i;:; 
'1>.~''':!4f;~i).!i.rf;::t7i.1 ,J!," !<,;,';4~1, ~~'~~~~~ ·.~{~?(f;1~~I~· 
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pri.SM at various dietane(;tflz, from the u235 source. The l"6!!'lainder 

o~ thie section gives a detQ11ed desor1ption of the experimental 

equipmant 0 prooedures and method 8 of enalyei 8 of data end re8ul te c. 

(5 ) Therms.l Column of the ORNL Pile .. _-...... ... 
This consisted of a stepped structure of graphite! blocks whieh. 

~ra very tightly staoked to obtain a hidl cadmium ratio and a sym .. 

metrioal transverll6tlux distribution" The top tlUr~ace of the QolUUl'll 

was S7 0:> 3/16 11' square.., The thermal flux at the center of' the colul!IlllI 
. 6 . 

position "AIf
, Fig .. IDYlaB about 10 neutrone/om2/lscc> The indium TCS"" 

anenee acti.,! ty indU! s'd by the thermal' column neutrons through 1/8~' 

, -~35 ' 
of' oadmium .. at thirs point end in the absence of the \r 80urce p was 

1,,5 B 9s/cm2/eec'l; giving the rather high oadmium ratio or 140.,000" 
I 

Since the old thermal ool.umn gave en asymmetric tr"nllvsrs6 dis­

tribution of thermal flux, o. measurement of this tranave'rse di atribution. 

was mads at position "B" ~ Figo 1, end gave f1 COl 

trlbution to within 2%. ~ia demon8trate~ the absence of any streaming 

of. neutroL8 through cracks in the structure and elso thet thare is no 

loeallced region of 'la~ge absorption orOS8 section Que to impure 

graphi to p eto o 

(c) The Graph,! te l1ee.s~relll9nt Column 

This was a priem of graphite 4' x 4' X 12 9 b FigQ 10 It was con­

etr!lqi:ed by stacking layers 'ot graphite blocks. eaoh block being -4' 

long by 4000" x 4 0 00" in cross seoti ~D" lJ1 stacking, the long dimension 

~~fi!:'~' ";:'h"':" 
~?!F~?~~y:;y ~, 
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of the graphite blocks was alternated by 90° from layer to layer. 

Each block passing through the central vertice1 axis or the prism 

weB remCl'le.b Ie .. and was, 80 cut that indium foUs in their cadmium 

boxes could be placed at approximetely 2" intervais up the central 

axis or the column slithe way.from "A" to "D" .. Figo&10 Slote 

were prwided at positions "A" and "B" whioh were 3/4" deep along Ii 

and approximately 4° ::It 4i in the transverse dimensions 1Ihere the 

U235 source could be inserted into the columno 

(D) Fast Ueutron Source 

The fast neutron source was made up trom uranium which was 96% 

u235 alloyed with aluminum to form the eutectic alloy 18% in uranium 

by weight. 'This alloy was rolled to, a sheet 0 .. 040" thick 8Ild thffn 

cut into squares 41t on a side. Thirty-aix of these squares were 

mounted on a graphite sheet in a cheoker board array as shown in.Fig. 

2. Thi8 8he~t could be inserted into the graphite meeewe_nt oolumn 

in the slots prCl'lided at either position tlA" or "Bit g f1go 10 When 

this sheet was in one position" the other position ft. tilled by a 

plene graphite sheet (no uranium,,) 

As, was pointed out above f the thermal ~luz at po.1t1on "'Bit" Figo 1 

was en almost perfect COl 11 x C08.JI 1 . iI where a ia the effect! va 
a II -

transverse dimension 01' the 8t1mple" t'bit fast neutl"eD fl. generated 

by this thermal flux would -then heva this seme 008 -1f&x 008 ,,":l 41&= 

trlbut10n 88 ita fundamental Fourier ocmponent. Due to tbt "checmr 

board" charaoter or the source, the fast D8utrcn source d18~ribution 

. ," : .,"'C'!!-::).>~.'I}. ¥;.;l''If~~}.o: i 
~ ::'I~~ ,.:t~:~~~~;~/:~~';~~~r:~; 
\ ~~ ;~~~t~ :'" ! :':;v < ~'-'",J; .;;'£I~~~ 



-
-

-

. 
". 

...: 
o

· . 

, -

~ ~ 

-q-., f
·
 .:: 

.< 

•
•
 

~
*
 

• 
~
-
-
-

-
.
-
~
-

•
.
 -

.
-
.
-
-
-
-
-
~
-
-

'
~
~
-
-
-
-
-
-
-
-
-
"
 

-
-
~
"
~
"
-
-
-
"
"
"
"
'
-
-
"
.
 

-
.
 

. 
.' 

J 
'\ 

.'" 
."'" 0

;··0
 0 

D
 

D
,O

 0 
D

 
~
 ... 

. . .. 

D
 

0 
D

. D
 

. 

D
 0 

0 . 
. D

 
. 

..,;. 
-

-
.. 

.. -
'<

 

D
-

O
 0 

; D
 

0 
0 

[J 0 
, 

; 

. 

'y
 

-

, 
---_ .. _--.-......... _ .. -.. -.-.------. .!.:..:~"~~.-. .;.:"';;:;;: .. ~ .. --

j
'
 

i 

.\0. 
, 

0 
O
~
 

-%
 

~ 
II 

tn
·C

) 

D
 

~
O
I
 
~
 

.... ~
 

. 
~~ 

D
 0 

0 
D

 -
. -

-
-

-
. 

/
"
 

-
-

D
 

D
 

-. 
. '. 

-. 
0 

0 
-• 

• '" 
.. 

r: a 
.. 

:. ~ 
.. 

\ \ _. ..• 
. ..• ---~-.-.-

...... : _ ... __ ..... _
.... .... 

.. . 



· ,~ ..... ~ ':" ./~~{. '~:. : 
8 ... 

lfOuld have 1n addition certain hieher Fotarier compcnentao The first 

two of'these would be the 11th. and 13th harmonica 1dth amplitudes 

about equal to the ampUtude ot the fundemeutalo Age theorl1ndlcated 

that the amplitudes of theae higher harmonica would be very violently 

damped relative to the tund~ntal cCllllponent. !his._ found to be 

o true. A meaaur.ent of the trans".rse indiwa i-e.onanoe flux at posit ... 

ion "B" cava a COB ~J: COB 'I y to within 2"~ the appro:dlllate error 

of the meaaureuento !hue" tt& checker board souroe .as .completely 

equivalent to a uniform plene sheet of uranium.. This simple ooa..Jr.:.l. 
a 

ooe lCl. waa adva.ntageoue in the analy.t _ of the re.ultao I. ~lmllar 

measurement just above the source in position "Aft wa_ not a 81mpie 

ooaine of wave len~h 2a but contained higher harmonica due to the ohange 

in the column or~e. section tram 67-3/16" t04S" at ".l"p Fig. 1. As . 

will b4p aeen later, the .. e harmonica damp out 80 rapidly that there was 

no differenoe in the shape of' the diatribution. within experimental , . . 

error. when the s~uroe was et po~ltion "An or at position "B"o 

(I' Indium FoUa and Cadmium Bgz8. 

'lbe indium fOil. used for allot the tlux meaaurementa ... re 4 0 00 cmo 

J: 60 35 aDo in area end 9308 mg/cm2 thlok (~ .. 203825 g). R.~ indium 

tol1a were u •• d at the bagluning of the aeriea ot me.8ur.manta and a 

Civen foil ..... always used in the 88118 posit ion. fhis was done to Main'" 

tain the 8malleat possible OCQllter background relative to the flux to be 

" 
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meaauredo Por tha Et$e.sUl"emeElt of the indium I"escnenoe fluxD the fOila 

_re enolosed 1.u cadmium, b'o;x:ee wittl a' "tilll' thiome.a of """'!',O,,136Q 
0 . ,': . ,: '. ;-.,' .. ~ . ., ' 

" , 

When activating the lDdlum fol1s ~ c.e.dln~\la in the CQlumnD the. foU. 
, '. )' . ., 

were SpaC0Q about 10 ~mo apart el,~g.!D eJid firs p&r~;1el' to the ~Oul"oe· 

pla~e. 'lWo 8191",.0& of me~l:Jur_e",,1:ss lferemt},delt w1tbc,,~he first foil p OtAo 

trQll the source, eIld¢th t~~ ~ra1;r~$.l 10 omo ,fpo. " ..... 018"0$" thWl . . ...., ., . 

glv.1ng' a meaeurant at Gftry S ~~ .. ppro~111a;t~ly~ Hsaaurem8:lfclte were 
.. : ' '. . I :,: .,/". ", ' 

, ,1tta~.·out to l1s'O'1 em. frOIl1 tbe ~o"r~' .wh~e t~ eqt'ivlty Of the ,laet 
. ,.,' ". . .. .' 

,f'o11~8 'just ¥~e the "~~r~~~~ro~" Wh~'~o8.1'ble.;t~f~~1., 
I ' .';; '", 

~:r~ ectl vate<j ~of', ~~ 1$~8t 'bY' !~~t~wq '~a.lf' l~vea en" ~e ,oquntedtor 
" •• ' J • • • 

a total 1nt&r~,~,up to 2S" ~~t!'~r ~pen~ OIl ~t;htt ',ro~l' 8C~,1"'ity~ 
: ,:. . : I I '. f 

Eaoh roil ~$ ~oup~d ~two O'Ct":llrr~to '!hie gfAY~ a: 1e1"18 f'~'«1 oOWlt 

and GYlV8 ao~1;e.nt qb&. on oqup.tSfi.; en~, scaler ~t't\tlG1l,,; , 
. . " ,~.:: . , • I, • :: ~ .' • 

"(r), ~ 

'lWo e.~r1mep.ta were Bled., 1'11':IIt w1ththe JII~I"~e 1~ the u.,perpoait .... 
, '. ,'.' 

1~~, "BI*JI Fig. 111 am! seoond, with,the' 8 011 roe ig. t~e lower. ,o8~t101la 1*.1" • 
• ',! 

r 
"c·ol • 

. ,;;. 

tJppf.!1' 'Soaroe Pod.tlen. 

ftB data ~aketl wiS:b tM fJOUl"C,1r1tb~ polI~tlOJl ... , thought to lte 
, . :t·: ,.' , '.' " ' j 

"f'alue.ble b~ce.u3e the gt'apblte mees~emeJ,lt. oolumn hfi!d tb., 1ItlDJ' trfllD,n.erBS . , ' 

dime1'l81ons toY' a oonsidl&reblecSiatanC(J aliOl'tl aDd belOIt. the. 'Bovee, am4 

e1ao the, (iistr1buti.on of souroe, eiu!~Q' 'neutrcma we:8 en· almost, 'pertect 
f" ' I 

'008 1'(X. COe ltl ' (fleotion D.lll ,.elile,t,e-otcr. b~lDg 'lmportault ~ 'the 

~ :, 

< 'Jr'l:~ .,~",.'~<;;:t,::, :: . . 

:~ " ' 

;',:" , 

~' 
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enalysis of the r:esults. However, because of being rele.tively far 

from the pile. the source was rel~tively weak llXtd measurall".ents could 

be carried only out to 86 em" The date. for .a. VB.. z are given in 

Table L 

I .. 

I 

fABLE I 
--....-...-.... -~ 

SUMMARY OF EXPEIUMENTAL DATA WITH SOURCE IN UPPER POSI'l'IOW 

Experimente NOQ 1~,8 0000 12 

g A. 
1)1 at anee in (J/.\., Saturated Activity -

40S0 22918 
908S 21446 

14 .. 96 18190 
20,.04- 15803 
25.:.12 12246 
30 0 20 9469 
35~Z8 6982 
40,,36 4918 
45,,44 3354 
50.52 2274 
55060 1446 
60068 941 
65~76 581 
70 .. 84 368 
15,,92 217 
81000 141 
86008 75 

, ..... 

The data given ere the average values of five experiment8~ the total 

oount obtained on the points of lcm a being about2001l000" and for 

lergf 1!. falling roughly in proportion to Aa to about 1 .. 0000 As will 

b& di8cu8sed in the seotions on theory end resulteD the use· 01' these 

. ~(. . data fer the oalculation of r aT6rage) around e. pOint source in an 

'~';.~~~$ ~,,,,, .. r;.p.,.-):~·~'f 
!~~~ ;~{:\:(t'k~\i~f~\\Y" j~;:jr"·~· 
~, l.:-f i"{f~~' ~ :l,.fllJ ~~J.-: ·~~:~~,.~ft. ~ ; 
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k> ....... ·)i;,.... ..' '.~:,i:~ 
, ".;~ ··.'::;::l:~'·"';ti' ~(:t-

= 11· ... 

o 

'2i' inf'lnl te medi U1Il TSoulree the calcu 1ati on of the I average of data 

defined aa CIO 

2n 
A." dz 

.2n(av). 10 ~~~~-
;;'"' A dz s 

9 n • 0.1.2~aaeD (1) 

These integrels go from 0 to co whereas the upper source position data 

go from 0 to 86 cmo onlyo It was assumed that an exponential integral 

extrr.·poletion of the data would be suitable frolll 120 to Co) giving 

120 00 

( 2n ~f (' IS 2n 
10 .As z dz + 'l20 - E1 .,. 7) a dz 

z
2n

Cav) III ~.----------------
120 

.{ A . ., 
co 

dz + 

00 

K r - El C <> A ) ciz 
~120 

(2) . 

The first integral in the 'numerator end denominator of the abOVe 

fraction was the area under the experimental pOints end the second int-

egral Was the calculated area of the exponential integral extrp.polatioDo 

Lower Source PositfoDo 

The data obtfl1nedwith the source in the upper poeitlon wt\9 taken 

with the best conditions of geometry at the sacrifice of neutron aource 

intensltyo The source was then placed in position "Aft. Figo 1 (loWer 

source position) to obtain the largest possib 1. source intend ty at 9 whet 

was first thought to be. a sacrifice·ot good geometryo However, a8 it 

tu me d out, the A va. z curve tek'en 
II 
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for the lower source position was strictly proportional to the entire 

86 0111., of the As va. ·z curve measured with the source in the upper 

position. Table II shews the data taken with the source in the Ipwer 

position end Tflble III shows the strict pr;:oportiODality of the two 

set. of data over the first 86 em. range of zo Since the z positions 

were not identicel in the two experiments~·the As values for the ex­

periment with the soUrce in the upper position were read from the 

curve at the z val us 8 used in the experiment wi th the source in the 

lower position end are given in column 30f Table III. Column 4 gives 

the ratiO of the lerger to the smaller activities for the sane zvalues 

and column 5 the deviations of this ratio from the averFee velue of 

43.46.. The maximum deviation is 3" With as many plus as minus.' The 

rom.s. deviation is 1.7% which is well within experimental error., 

Sinoethe two curves are experimentally indistinguishable it was de-

oided to everage the two sets of data. This was done as follows. 

Since there were slight differenoes in the z ve1ues for. the two posi­

tions (compare Tables I and Ii). a simple average 'of the , values was 

taken. For the corresponding As values. the points for the upper source 

position were multiplied by 43.46 end evereged with the points for the 

lower BOurC8 position.· Table IV gives the resulting vlll,.s of I: and 

J\ao 

Since it is cO,nvenient in the enalyais of the data to uSe numeric 

cal integration'and differentiation' methods which require equal inter­

vals of z, vc.lues of Log10 (As )were plotte~ VS. it and a smooth curve 
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'l'AB:tE 11 

SUJD.WiY OF EXPERIMENTAL DATA WITH'SOURCE IN 'l'BE I..C1WER POOITIOli 

Experiments Noo 13 •••• 19 

z I A. 

4.94 1021226 

10002 916430 

15,,10 . 817790 

20 0 18. 670780 

25026 549748 . 
30 .. 34 409269 

35.42 299752 

40,,50 217244 

45 .. 58 139973 

60066 96600 

55074 61536 
.-

60 .. 82 40846 

70098 15416 

81014 6714 

91~30 1986 
• 

98.38 1067 

103.,46 667 

108 .. 54 414 

113062 260 

118,,70 163 

~ I 
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TABlE III 

tower Source Poeitian Upper Source Po.ition Deviation 
It ( measured ) (read trOlll. curve Of') Ratio f'rQll Av 

tdiatributicm I value. indicated ratio 
" . 

4094 1 ,,021 1l00P 22960 44 .. 46 + leoo 

10,,02 916.400 21400 42.82 - 0 .. 64 
-

15 .. 10 817 .. 800 18120 43 .. 69 + .. 023 

20018 670,,800 15560 43,,!11 ~ 0,,34 

25.26 549.100 12~10 44.80 + 1.34 

300M 409.300 9400 43,,54- + 0008 

35. .. 42 299,,800 6920 43 .. 31 - O~14 

40,,50 217~200 4904 44029 + 0.,83 

45.58 140 9000 3310 42 .. 30 - 1< 16 

50e6S 95$500 2246 42'052 • 0094 

65074 61.540 1425 43 .. 19 ... 021 I 

60082 40,1)850 93q 43 .. 69 + 0 .. 23 

10,,98 15,420 361 42071 .,. ~75 

81,,14 5 .. 714 130 43.95 • 0049 
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TABLE IV 

. NORMALIZED DAfA OF EXFERnm:UTS NO. 70 G 019 

I ] A. 

4.87 1008600 
10.,02 . 924129 
15.03 817108 
20.11 618110 
25.19 540918 
30.27 410348 
35.35 301660 
40.43 216169 
45.51 142852 
50.59 91153 
55.61 62161 
60.'15 . 40866 
65,,76 2624' 
70091 16103 
75.,96 9429 
81007 5870 
86.,08 3266. 
91,,30 1986 
98.38 1067 

103046 867 
108054 . '14 
113 .. 62 260 
118 ~70 163 
--- .... ~.-- .. -. 

tt ttad to the experimental points.. Values ot Aa ware read fran the 

OUJ"~ at 2 CIIl" intervals from z • ° to , • 120 CID.. These results were 

ohecked by plotting e curve of LoglO(A. )va. s2 and reading the values 

ot As at s2 • 0", 4. l6R eto. the .resultlDg values or A. and I are 

given in Table V and graphs, 'on a reduced scale, of the·curve. man-

ti ODed ab OWl are .shown in Fig;; 3., !he valuea of A. at r; • Oe '2 and 12P 0111., 

were obtained by linear extrepolations on the Loglo(A.) VB., .2 ourve 

"', ".,.:r~'''';t -" ","~li';o, • "": (d ' .r.kP- {., r 'e 'bii\t~~~t't$~ .'J', 
s)t4~t~\ie~~;~;a\ilf4·i;J}'.;;j~ 
~ t..:..~~")~~ r;·.jt}~~~'C~f~iJ 
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= 16.,., 

TABlE " -=----~..::I 

SA'l'tJRATED ACTIVITY AND LOGARITIDI OF SATlJRA'rED ACTIVITY VERSUS DISTANCE AT 

2 cmI.. INTERVALS T/IXEN FROM GRAPH OF FIGURE III 

r: in ~I> I ~ A.. I Log10(A.). II II: in CDo I A.. I ' Log lO(A.' 

. 0·1 100352 x 10
6 I 6,,015 II 62 I 3D59~ x 104 40555 

2 1 0 0257 tt 6 .. 011 64. 2.,993·1 40476 

4 

6 
8 

10 
12 
14 

16 
18 
20 

22 

24 

26 

28 
30 
32 

34 

36 
38 

40 
42 
44 

46 
48 
60 
52 
54 
56 
58 
60 

1.0139" 
908860 x 105 

906380 " 
9.2900 
8-.9130 
8.4340 
709800 
1 ~4140 
6~8870 

603100 
507280 

501880· 

4.,6560 

401690 
306990 

3~2810 

2.8710 x i05 

205360 " 
2.2080 
1.9060 

.1.6450 

1.4.060 

1.1968 
1~01B6 x' io6 

B .. 610· x 104 
1.312 
60110 
50129 
4 ,,:soe 

tt 

1 

60006 
50995 
50984 

5 .. 968 

50960 
50.926 

50902 
50870 
50838 

Sp 800 

.60768 

50716 

50668 

5.620 
50568 

5 .. 616 
60458 

504~ 

50344 
50280 
5.216 
60148 

5.018 
5.008 
40935 

4.8M 
4.786 

o 

4 .. 710 
40634 

66 

68 

10 
72 

14 
16 

18 
80 
82 
84 

86 

88 

90 

92 
94 

96 
98 

, 100 

102 
104 
106 

108 

·110 
112 
114 
116 
118 
120 

20484 
2.061 
10706 
1.,406 . 4 
10149.x 10 
90333 x 103 

10586 x 103 

,-' 60166 x 103 

50012 " 
4,,074 
30312 

2,,111 

2 .. 229 
.10 841 

10531 

10271 
1<061 x ~3 

. 2 
8,,913 x 10 

70 482 
6,,238 

5e188 

4.326 
3.598 
3.006 
2.501 
2.085 
10138 

" 

1~446 x'102 

40395 

4.314 
4.232 
4.148 
40060 
30970 

30880 
3,,790 
3~700 

3~610 

30520 

30434 

30M8 

30265 
30185 

30106 
3 .. 028 

20950 

2 .. 874 
2,,795 
20115 
2 0 836 

20566 
2.478 
2.398 

2.319 
20240 

.20160 
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FIG. 3 

SLOWING DOWN OF FISSION NEUTRONS IN GRAPHITE 
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and are probably ~ood within the experimental error since the distri­

bution is nearly Gaussian for eny given arne 11 interval or ,. 

(G) The Transport Correction 

Since the measurements of A. were alWays made by ~lacing the source 

aide of the foil next to the Geiger counter tubes the me.sured distri­

bution given in, Table V is not the true A.(I)o The usual procedure 11 

to measure the activities on both sides of the foil e~d take the averagag 

i.e .. 

A.(I) • 
A, front + As back (3 ) 

!fhis method' is based on the fo 11 owing the oretical cons iderat! ons • If one 

tabe a solution. to the Boltzmann equation which gives the flux in terms 

ot an expansion in Legendre Polynomials end Mblecta aU except. the firat 

two terms of the expanalong then 

DY(.)t • .,.,(0) •. ). I d [nv(z)] 
t d& 

oos G (4) 

If this is integrated over the detecting fall> assuming t h&t the foil 

is black to the indium resonance neutrons·., that no neutrons entering trOll 

th~ back contribute to the activation of the 8CurC8 side and v1ce ver8a~ 

that only activity from a given slde is counted by the counter and that 

the self' ahsorption of'the radiation counted 1s the aame for both eides of' 

the ( , _~ting foi18~ then 

As froDt • A.(.) • ).2
t 14

."oC.) i 
ds 

(s ) 
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andsl~1er1y 

As baok: .. 
... ~t I d A. (z ) I 

2 de 
(6) 

Solving (5) and (6) for .A (s) immediately give. (3) and it should . , . 

be noted thet (3) will be true for sny constant ooefficient of the 

derivative terms in (5) and (6) as lonr;. as the constent is the ssme in 

both (6) and (6). The authors have shown experimentally in making slOW''' 

lng; down measurements on Sb-Be neutrons in the same sample of graphite 

that was used in this experimento that 

and 

I d (A. z j I A .. A (,) + C \..; 
s front .. .. ~e 

As back .. A (z) co c s 1~1 

(7 ) 

(8 ) 

At .. 
the value of c Obtained was 0 0 950 em" which is less than -- for graphite 

2 

of 1 .. 39 cmo This is not; surprising .. sinc~' the condition that only 

neutrons entering frem the source side of the foil contribute to A.(rront) 

and similflr1y for As{baek)' which was used inder1ving (5) end (6), is . 

not" fulfilled With foils of the thickness used in this experimento 

Shee the ssme indium foils II Cd covers, counters end graphite sample 

were used. in ohtB.inin;:: the distribution from the fission source ss were 

usen in the experi ment described fer detennining c .. it was convenient'to 

correct the measured distribution cr the activities, on the source side 

of the roils in this work, to the true distribution hy the use of (7), 

which was done ss follows: 

~ .:-. ' . 
. . ' 

.------

" , 
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Since 

~i~1 ~'J"~.1';~~'}f(f;;;1 
~~lSl:e:-' .'lr,_~"tv.." 
~\'!. ::~~~~'"7'.,.,t:J);l!.· 

- 20 '" 

_d~Aa-=--( z~~ • 2.303 A (z) d [10g10 A~( z )] 
elz S dz 

(7) oan be rewritten a& 

J~~glO"Aa(~Jl AsCz) 
m As (front ) , 

1 + 2,,303 0 

dz 

(9 ) 

(10) 

Since the correction of As(rront) to A8(&) is not large (1888 thanlQ%) 

d [loCl0 As CfioontU can be' substi tutad tor d (10'10 ..a, (I: 'J - in 
dz dl 

equatiC?n (lO) with negligible error and 

, , As (rront) '.'~ 
As (z) ·,C' 1 + 2 .. 303 x 0.9rO d ~O{ho As (f'ropt )j , 

, ' dz 

A ' 
eo, ,s(front) '", _) 
,(1+ 2JS7, .;,.d ,[logloAs"crront)J 0 

, ' dz 

(il) 

Table VI gives the valU8S 

01' d [log10 AJtLfTont )] 
dZ' 

d h<>glO Aa{tront)] 
01' end the true va lues 

dz 

were Qbtaimd by nUDlerical differentiation or 

the data or Table V which were then fitted to til smooth curve end velues 
. 

read frOm the curve at the a: val~es give.no It will be noted that the 

maximum correction at eny point is about 9%, with no correction at the 

origin and a constant percent'cQrrectlon from 100- to 120 em 0 The cor .. 

rected clstributions ere 8h~ as th~ lower curves in Fi~o 30 

(II) Calculation ofth~ :Momenta -;s 
. ' 4 U 

Table VII r;ives the ve.1uas of As. --.ia& "calcu.leted from the 

1
120 an 

date. of· 'fable VI. 'l'e.ble VIII gives the VdU6S, cr As £ dz obtained .. 

" 0 
i ,-. >"-;,·~f:~~~\; 



TABLE VI 

'!'HE DERIVATIVE OF' LCGARITfIM CF SATUR.8.'lED ACTIVITY (PROWT) WITH RESPECT TO d&J . " ' 

SATURATED ACTIVlTY AND LCGARITmI OF SATURATED AC1'IV~1'Y 'Nl'Di TfW.'SPORT CORRECnONS .. As (t) 

£ in CDIo 

° 
2 'p 

4 
0 

6 

8 

10 

12 

14 

16 

18 

20 
, . 

22 

24 

26 

28 . 
SO 

32 

34 

d-,{iog10 . As {t'ron,t)) 

d.r. 

.. 00000 

.00200 
Q 

Qooa7i 

000643 

.. 00714 

.00880 . 
",01049 

.01216 

.01385 

• 01553 

.01720 

.01880 

002040 

,,0219'0 

.. 02352 

.02500 

.. 02635 . 

.. 02764 

. , 

. 

;11'~l I, i'~') 'i.. 1~;S.~r!# .~! /" .,;:." .. 4 --; ,,: 

t • ',) .~~ c".,'·>,S,·" ... :p,~ 
~~~\;. 9 \~1.~:I$.{~~~.:~ ~~"S~~({. 

0 

Ae(t) .. Log10 As{t) 

. 
I 6 

1.035 Jt 10 6".0149 
. 6 

10022:1t 10 - 6.0096 

6 
10.006 x 10 6.0026 

9,.770 lC 106 509899 

9 0 490 . " 6,,9773 

9. 0 115 5 .. 9598 

80'13 \ 5 .. 9402 

80216 509147 

7.0745 5 .. 8890 
. 

'1 .. 170 5 .. 8555 

6.637 5 .. 8220 

6 .. 061 5 .. 7825 . 
5 .. 483 5.7390 

, 
40961 5.6946 

4: .. 428 506462 

3 .. 953 5 .. 5969 

3.497 
W 506437 

3.094 x 105 5.4905 

I 

:> 



z in em. 

36 

38 

40 

42 

44 

46 

48 

50 

52' 

54 

56 

5~ 

60 

62 

64 

66 

68 

10 

72 

74 

, 16 

78 

.' 

.- 22 '" 
" 

, TABLE VI (oontQdo) 

d [loglO' AI front] 
As(t) dz 

.o:'~885 2,.701 :It 105 

,,03003' ,2,,380 I'l 

00311a 2~067 

' 003215 1,,"'8~ 

,,03312 11'534 . 
I , 

,,03405 lr30~ 

,,03495 l,p.2 ,~ 
, ", ! , 4 

,,03515 9!>~51 3; 10 ' 

.. 03665' 7.911 Vi 

",03729 ~,,7~~ 

.. OS805 5 9 64+ 

.. 03880 
. ... 

4~728 

003955 ~h963 
" 

.. 04030 3.299 , < 

.• 04105 'fo748 

004181 

004256 

.. 04332 

,,04396 

<>04445 

o~479 

004A:98 

i 

, . 

i~ t ""~i~'; .tv,ti(I.·/}~'~'-if.i' ~ 
~. ~~ ;;I~lt;:S'.? ',~~~ ,::{~~ ~~I 

~:.t_~:": '";·:"';r':;:;:,·:~,.5.,:1,.. ~ :~':';i{::~ ~~~'";' ~.t.:.prJ,.., ... dt-.-.ijtfJ).ii. 

j , 

20216 

1 .. 885 

10658 

19 28:; , 

10041 
, ," If 

805'00 x lOS 

60907 x'103 

" 

Log10 '&8(t)_ 

5~431S 

'5 .. 3166' 

503153 

562SC'1 

' cl 
501858 

501169 

5 .. 0461, 

4097,66 

4'09015 

4 .. 8300 

407514 

4.6741 

4.5980 

4~5184 

404387 

4.3512 
( 

4 .. 2753 
\ 

·401926 

4.1082 

4,,0200 

3092'94 

3"Q393 
.-



z in om. 

80 

82 

-84· 
-

86 

88' 

90 

92 

94 

96 

98 •• 

100 

102 

104 

106 

106 

110 

112 

114 

116 

118 

120 

TABLF, VI (cant «do' 

= 
d (loglO AS front) 

. 
As(t) dz 

.;04500 

004488 . 
004458 

0044.06 

004325 

004175 

004036 

.. 03965 

003954 

003954 

.03954 

~03954 

003954 

,,03954 

003594 

n03954 

,,03954 

003954 

~03954 

003954 

003954 

3 50614 :x: 10 

4.,564 " 
3~712 

3n021 

26482· 

2 .. 042 

1 0 692 

10409 ,II 
1" 176 :x: 103 

9 0 821 :x: lJ:)2 

80204 . " 
60881 

5 .. 742 

40776 

3.0962 

30312 

2" 7rt/ 

20302 

10919' 

10 GOO 
',1 

1.3~1 :x: 102 

; [,:/,.7,if~·"7 ::'~i':;~f~ 
I, ""I,~ ~,{~" ~ ,1,1.:'''''' ~i~~~f.1 " ." .. , :1:·1·~~"""'!.:"~~";-:· 

0 

LogIO A.(t) 

301493 

3 0 6594 

3,,5696 0 

304802 

3 .. 3948 

303101 

3,,2284 . 

301489 

300100 
, 

2.09922 

,2,,9140 

208360 . 
, 

·2 .. 7591 

206790 

206001 

206201 

204420 

2 .. 3621 

242631 

2.2041 

201242 
, 
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TABLE VII 

VALUES OF A 'z2n VERSUS z CI\LCULATBD FROM VI 

= 
" 

,nno 
s 

o 

'2 

, , 

A ,.2 
8 

,:0, 

A ,.4 
e 

o 

z' , 

AS ,,6 

'0 

.A ''1.
8 

• 
o 

4088 x 10
' 

I .01635 x 10
91 .00000654 :It 10

131 .2616 x i0
9 

a. z10 
8 

A z12 

0' I 0 
13 ' 1S 

.0001046 :It lO .0004184 x 10 , 

4: 

6 

1.610 :It 10
'
1 .2576 X 109 I ,00004122 :It 1013 

3 .. 517 

6.074 

" 
, 9 I 13 

10266 x 10 ,.004558:1t 10 

.006595 x 10
13 

.1055 x 10
13 

. 'I 00001688 :It 10
17 

,,~641 x 10
13 

00005908 x 10
17 

.. ~212'" x 10
17 

6 

10 9,0115 

12 12i>55 

14 16 ... 10 

~6119083 
18 23 .. 23 

20 ! 26,,55 

22 I 29",34 

24 I 31056 

26 I 33047 

28 I 34,,72 

30 I 35 0 56 

32 I 35061 

34 135017 

36 I 35000 

3,,687 

9o~J1.6 

18 eO? 

31.56 

50076 

72 .. 27 

106,,2 

142,,0 

181e9 

226 .. 3 

27202 

"320.,2 

366 .. 7 

413~5 

453 .. 6 

38 

40 

34037' Jtl4960S 

33 0 01 x 10
7

1529%109 

" 

,II 

.02488 

009115 

, 1.2602 

.6186 

1.,299 

2 .. 439 

4.248 

6 0 873 

;LOA8 

15,,30 

21034 

28082 

37055 

47,,60 ' 

58 .. 19 

" 10592 x 1013 

90115 z 1013 

.. 003741 x 10
17 

.01212 " 

.03326 

,,01902 

.. 1699 

03327 

.. 6036 

10034 

10673 

20594 

3 .. 845 

50526 

70"619, 

10.35 \II 71c67 ~ 

84066 x 1013 13.55 It 1017 

r'i] ~<\ '>1.' • tEl,' J~i; \~~ ,~. 
~:::'-<l': :~'~;?l;'Y!J r 

?T~ +1 t .. p., "~, J~.tI", • 

' .. 01019 x 1017 

~09115 x 1017 

17 
05396 x 10 

20' 
.002376 x 10 ' 

0008512 

002560 

006'196 

.1610 

.. 3477 

'~0006522 x 1020 

00009115 :It 1020 

20 
.07770' x 10 . 

, ·20 
.4657 :It 10, 

000021'19' x 1024 

t'00082,94 

0002718 

0007792 

002003 

It 

06990 .• 'o047~ . 

1 .. 312 

2.336 

3,,937 

6,.388 

9",874 

14095 ..v 
21.,68 ,,1020 

01029 

02102 

04031 

,,7385 

1,,280 

20159 "" 

3 .. 469 x 1024 
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TAB.IE VII (cont'do) 

em .. j A z2 A,,4·f A ,6 j .A ,.81 A i 10 , .' A &12 
& lEIs a. . 8 C! I. ·s -

42 
. 7 

31 .. 42 It 10 
I 9 

554.2 x 10 

44- 29 0 70 It 516 .. 3 " 

<is 27070 68601 
.. 

48 25 .. 62 69003 

50 23,,63 590~8 

52 21.,66 58207 

54 19.22 575.0 

56 17.,69 . 55408 

58 15 .. 90 53409 

60 14027 513 .. 1 

62 12068 48704-

64 11026 46008 

66 9 0 914- 43109 

68 8 0 829 408,,3 

70 70634 37401 

72 6,,651 34408 

74 5Q133 313.9 

76 40910 28306 

78 4.202 255.6 

80 30593 ,230,,0 

82 3 0 069 
..;11 20604 

It 

84 . 1 '1 2.6 9 x 10 184 .. 8 x 10 
9 

97,,16 It 10 13 17024 x 1017 

1)-106 . sa 21 .. 61 " 
12400 26024 

13600 31 .. 33 

147.7 36.93 

1570,6 42.62 

16707 480 90 

174,,0 54 .. 61 

17909 60062 

18409 66c56 

18704 72 {I 04 

180,,7 77 0 29 

188 ... } 81()~ 

18608 8"'·;30 

183 .. 3 8~o82 

17807 92 .. ~ 

111 0 9 , 94'013 

15308 94061 

1~51'15 94.61 

141.2 94061 

13808 93 .. 33 
,It ,11 

13004 x 1013 92Q'01 x 1017 

:; C~r. "~i;.,?:t. . , .. 
• • h:~ ::;)~"'f;t;t ~\;}i:o..Io:, ~r.' 
.' .~ ~~';:':~:,.;:.,;.',," " '" 

"'- J - ",~,,_ f 4. 

30041 x 1020 6 .. 364 x i024 

41084 " 80100 fI 
., 

\ 

55052 11e76 • 

72018 *16 0 63 

92.33 23008 

115.2 31015 

142,,6 41e58 

17101 53~66 . 
203.,6 68049 

23906 860 26 

27-609 
.. 

106 .. 4 

3160 6 129.,7 

356 .. 9. 15505 

40307 1860 1 

4400 1 21506 

480,,2 248 0 9 

51605 2620"3 

54605 31507 

575 .. 6 350 .. 2 

60209 385 .. 9 

.627 .. 6 42200 ,If 
64902 x 1020 

45801 x 10
24 

.. 

.-
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ODlo 
.z A '1.

2 
IS 

A 4: 
S z 

86 , 7 I 9 2.234 X 10 16502 X 10 

88 1 0 922 

90 ·10654 

92 1.,432 

94 10245 

96 "10083 

9St,09432 

ft 

! 
1480 8 

13400 

12102 

110 0 0 

99081 

900 58 

,t1 

. lOO I ,08204 82004 

102 .1166 

ib4 06211 

106 '06365 

lOS 04645 

110 1;,4008 

112 .3471 

114 02992 

116 ,,2582 

74054 

67,,18 

60 0 28 

64018 

48050 

43054 

38088 

340'i74 

118 

120 

,.2228 J, 131002 

.1911 X 10' 21060 xt09 

. :-~.f:· ;l~~!L'::~i~t :. 
\. . . .~.1 •• "'{.~! .. $1 ~ .. , • ...! .. 4.'<N ~ ... ~.4 :~ •• " 

'" 26 "" 

TABlE VII. (COIl:t B de) 

A l3 
s 

A ,,8 
8 ' 

122.2 X 1013 

:1 11!5 .. 2 

10805 

10206 

97 .. 20 

91098 

,860 99 

82~04 

11055 

72066 

67013 

63 .. 20 

58069 

64062 

50.53 

46075 

43019 

39074 :It 1018 

90,,38 X 1017 

89021 

870S9 

86064 

85089 

84 0 7.7 

83056 

82004 

800 68 

18059 

1GolO 

73072 

71001 

68052. 

66.61 

62091 

600 14 

" 

~ 
67023 X 1017 

I 
t 

A .10 
.s .z A z12 

s 

668 06 X 1020 I 4: 94 04 ]1:' 1024 

690.8 

1110S' 

73500 

75809 

761 ... 2 

80204 

82004 

83ge 4 

85000 

865~1 

859.9 

85902 

869 0 6 

853.4 

846.5 

837.4 

til 

. '" . 824.1 X 1020 

555.0 

516.6 

622.1 

67006 

720Q O 

77006 

820(l4 

813 0 3 

919 .... 4 

96008 

1003 

1040 

1078 

1109 

1139 

1166 

It 

-t 
1181 X 1024 
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TABLE VIII 

1m . z2n KOONTS 

,',-
=:::;:===::::;:=r==--~---.- 00 

.. k I. B (- ~ ) .2D d. _ I Tn t . ~120~ 1. & 120 z 2n ._ 00 

,,,~1ll~1'i~0~_A~s_:..lt2_n_d_,iI_+_k 12::0-_E_i_<_ M>_ -).._)~'~d_a:~/~lo,12~A~:_~z2=n~d~&:+:kk~1~20~' ~E~l:':(:.!X~:,,),: Z_2D_c1_a: __ t ____ ~-
105628 % 1010 205953 % 107 

o 2"a472 x 10
7 1 .. 5020 x 103 c·s 

50275 x 10 

2 
504976 :It 10 1 

2 

3 

4 

5 

. 6 

20.9516 x 1013 . 4 .. 6538' x lOll 

1 .. 0515 x 1017 

5.7487 x 1020 

4.2118 x 1024 

3,.'/402 x 1028 

807382 x 1015 

1 0 1461 x 1020 

3" 7996 x 1024 

9,,2745 x 1028 

10658 x 10~3 

1.,552 x 10"'2 

7,,672 x 10=2 

. =1 
20330 % 10 

4 0 743 x 10""1 

70126 x 104 

1,,0529 x 106 

309998 x 109 

2,,6322 x 1013 

2 0 8136 x'IOl? 

·405708, x 102JJ. 

(II) Calculation. of the Moments ~ 
'. '. 2 4· 12 Table VII e;1ves the values of As Z ~ As & .,.:", Alii' D oalculated , , IUO 

from the date cf Table VI. Table VIII 'gives the vdues of As z2n dz 

, ~ 0, 

obtaine'd by numerioelintegration,ths velues of' k I ";;.81 (co,./;....) z2n' dl ond 
: 00 ·112.0 

the percentage of total integrals'1 A. z2n d& II which 'were obtained from 
~, 

the extrapolated portion8o 

The .value of k used in the extrapolation of Ae(z} from 120 em .. to CO 

was cbtained by' fitting a function' As .. k -[ =E1 ( ... "/A >] to jo1nthe 

experimental OUrve at 2 .... 120 em" end A was chOsen to be conSistent with 

-.,., i .. ", -~ "'~~'fS 

11': ,,': ,;:- .:?lh ~~ff:;l.~~;i 
• ... ~ 4",,-::.;' !,' I,~~:." 

\~~-~. 

" 

\ 

i" 
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the last few points of the measured part distributiono The values for 
. 7 

these constant~ used were k GO 20899 x 10 and A m 120116 em". 

Table VIII also gives the. values of Z211 0 ioeo ;1> -;! -= ~/) ob .. 

tained from equation (2)0 

(I) Corrections for the Finite Size of the Graphite SElIIlple end the 
oos ![ It cos lIL Source 

a. a 

The Tn' Moments" 

As pointed out in the introduction. the theoretical treatment of 

weinberg and Rose makes pcssiblethe calculation/) from the &2n momenta 

measured in the finite block with e plene cos ""& x cos ¥ source/)· to the 

moments for a pOint source in en infinite mediumo. 

Brieflyv the corrections are made es follows: If f( r ) represents 

the primary energy distribution of the neutrons from the fission source 

normalized on a r =scale D SO that 

OD i t( r) d -r ... 1 
o 

then the average e,ee # -C /) .over the fis sion spectrum is de f'i ned 8S 

00 

r IIIJj r{1:) Td c: 

o 

or in <,;en~ral, including the higher average moments. rD 
CD 

-en! n 
.. r(r)'t d"t" n" 1,,2 === 

o 

(12 ) 

(13) 

(14 ) 

The treatment of Weinberg and ROse expresses the ~n in terms of the 

0V,'~;-;:,,:_.i:,i. ~.i+~ .. l 
I It.'~'t!'-vr"\ ,·;,,J~'v ~ ).~~., ~ ... 'Y.:, 

'··::.!!!~;;;":~<~:'::'~(Ie-·" "'~~.:,j 
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mea~red z2n moments end the geometry cf the exPeriment by the follON'" 

ing equation: 
QO 

g 
"y D 'y "" 0 -vr {2n ... - 2 V , II 
",!III """ 

L L5.J 

(n +v)g ,(in+a;"") 

(15) 

where 11 • 0 0 1,2 .•.•. ~O.O •• D 
bill 2 ~.2 

and~a~ is dete~lned experi= 
a2 

mentally by fitting CC8 E to' the meesured transverse indium resenance 
a 

distribution just above the s ouroeo Ill' this experiment a III l29Q3 em. and 

.6.10180 cm=2 and the z(2n,'" 2,) end ~ are the 761 -;r& et~o as 

mel!l8ur~d end listed in Table VIII .. '!he value of -r: cerrespond I to. 

"7 .,.,.,... 
2 

if 7 were measured in an infinite saritple wi til an infinite uniform ,. -
plane source cr to' r = if r2 were measured in en infinite semple with' 6 ' 

a point SOurC6a 

It should be emphasized that the derivatien of fermula (15) requires 

. no assumptions ebout the nature of' the fisSion spectrum ner does lot 

n!su~e any particuler slOwing down theory. It invelves enly,geemetrical 

tl'6i1sfermatiena which mr,ke possible reduction cf measurements made in a 

particular geemetry to. the more idealized peint seurce, infinite medium 

geometry as described above. 

'fable IX gives thA values of 1:' (V)D 't'2()/) and ~(v) calculated 

from (15) using the values of 11 indicated and values of -;Z'D taken from 

Table VIII .. 
. n 

Value s or 7: (11) indicate how fcnnula (15) ccnverges fer 

-
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---increasing values of ,; 0 It wi 11 be noted that --r becomes COD"" 

stant, well wi thin the experimental eocuracy of the measured 

>' 2 distribution, fer velues of 11 ... 3 end 7: changes negligib1yfrom 

V ""3 to V 11:1 4. However,,' ;3 is still changing, though very 

slcwly, between V. 2, and V"" 3. Fc,r this renson DO -C n fer 

n > :5 were calculated. since these would need values of z2n with 

n > 6 and'these would be very largely determir:wd by the extrapo-. 

I.ted portion cf the &lowin~ down distribution, from , • 120 em. to 

I • 00 9 which is almost certainly en underestimate 88 the )\ in 

the, k ["E1 (-= ~ )] ~ extrapolating function.-;vould continue tc 

increese if one could measure the slowing down distribution for 

values of z > 120 em .. 

(X) ~~rrections for Density or the Graphite 

Since the density of our semple of grephlte wes 1~6f)2.!" 00003 g/ =3 

and it is customary to correct the ege and higher (:n moments te' a 

star.dard density d 10600 'gjcm3 
Q Table X gives ''1- M -r2 and "'l;:'3 be .. 

fore and after this correction has been made using the well known fact 

--- 1. 1 2 th&t 1;" o(~ - I etc. Slnce the ege veries 1rxverse y 8U /::'):1 it is 
F2 

important that the actual stackin;;; density be accurately known for the 

sempleo Consequently the dens! ty was measured when the column WEt.S un'" 

stacked by \'leighing: 236 of the 360 stringers. determining the average 

density for stringer end then computing tM weight of' the 360 stringers. 

This wes then divided by the volume of the stack from its measured 

f,: :,~~mf,'~l:t~l' ';<!'t~~$~1.~11~~.1":~"( .i'~ 
\~~~~ }~~t~;!~~'/t;\I'~'(:~~.~"; 
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TABLE IX 

=-
o VALUES OF 1:11 ,WlTB .AND WITHOUT TRANSPORT CORRECTION 

- ~ 

1: 11 ""'t: D 
Without Transport CQrrection With Transport Correction 

1 2 a 1 2 S 

28301 4-9 0 200 x 10 3.0516% 10 
7 27409 4: 80114 x 10 ' 3 .. 333 x 107 

293.6 10 .. 01 x 104 4.095 x 10
' 

285 .. 7 90595 :lit 104 '1 
30913 x 10 

297",6 10 .. 31 x 104 4'<>~94 'X 107 28909 9 0 959 x 10' 4.0208 x 107 
, 

298,,8 '10,,49% 104 40502 x 10 
'1 

29101 100 08 x 10" 40316 x 101 

2990 1 10,..,52 x 104 29103 100 11 x 104 

29902 291,,4' 

, TABlE.it 

FIWIAL VALUES OF T err" and :z;i BEFORE AND AFTER CORRECTION 

TO GRAPHITE DENSITY OF 10600 g/t:JlIJ.3 

-' -Do 'r Without Density Correction t:D ' ' With DeDsity Correction 

1 2 3 1 2 :5 

, 

-
" 

-

21409 
' , 4 

8",714 ::10 3.333:x: 10 
1 293,00 

4: 
90 967 x 10 ' 4.036 x 101 . 

28507 4 9,,595 xl0 7 3.913 :10 304 .. 6 10.90 x 104 ' '1 
4 .. 139 x 10 

289 .. 9 9 .. 959% 104 '1 30900 1,1 .. 31 x 10' 
1 

4.208x 10 60096 x 10 

29101 10 .. 08 x 104 4.:316 x 10 '1 310,,3 
. 4: 

11046 x 10 50221 x 101 

291,,3 lO~l1 x 104 310.6 11 c48 x 10' 

291.,4 310,,6 

D 
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.. 

dimensions. giving the true st&cking density of the aempleo 

III.. REBUL 18 AND CONCWSIONS 

(A) Colnparison ot this Determination of 1: with. Previously Reported Work 
-=- . 2 

The value of r 318 0 9 em obtained without transport correotions 

agrees with the velu~ 317 cm2
0 obtai~ed by E. Fermic J. Marshall. and 

L. Marshall (CP~1084) very well (OoEi%)1) if' it is assumed that Fermi et d 

. did not make thetr'eIlsport corrections described 1n 2~go . Thesa authors 

make no statement as tc whethe r or net transport c crrecti ons were made Bno 

it seems likely that they did not. 

n.e value of -:::r- with transport corrections weB 3100Ei em
2 

01' 206% 
. Q 

1es,s than the value' without the transport correction • 

.A simple calcu1etion/ on the basis of Fermi age theoryo gives a rougb 

estimate of the magnitude of transport correction to be expeotedp end the 

result 

7" (uncorreoted). "'c ( l+~ 20 ) 

V1t·~ 
(lEi) 

where~ o. is the constant defined in 2-g. Equation (16) predicts that 

the value of 7 with transport c.orrecticnl shoulC! be epproximately 3" less 

than the uncorrected value # in good agreement wi th the experimental differ ... 

enes uf 206% g1ve~ above. 

(8) Limits of Error in ~ end Higher .~oments 
. : n 

The limits of errcr to be e.ssigned to 'T moments are difficult to 

estimate rigor,ously because nf the contribution of the extrapolated portions 

('f the z2li moments and the rath~r involved manner in which each of the "t. n 
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are related to several of the z2n thr~gh equation (16 )0 However, in 

the case of, ?: p these more complioated tactors contribute relatlvelf 

little to the estimated uncertainty in the result, eswill be sbown '0 

in: more detail below .. 

The factors which contribute to the uncertainty in the finsl value ' 

of -::r- of' 31006 .cm2 are e.s follovlS' 

(1) Experimental uncertainties in the measured portions of the 

';til mo~nt8. 

(2) Experimental uncertainty in the densi ty Cit the semple used 
, 

to correct to e stflndard density otlo 600 g/cm.3 o 

(3) Experimental uncertainty in the transport corrections trcu 

(4 ) 

uncertainties in the constant, C$ end tJ-:e values of 

d' As (front) , " 
ds ___ 

Uncertainties in the extrapoleted portions of the ,2n due to 

,[ "' the tect that the extrapolating fUnotion. k· -El (- ~ ) J i$ 

an underestimate of the portion .Clt the distribution from 

2. • 120 em. to z • co. since'). increases S10'Rly with z 

tbroue;h "the measured rer.ionof the distribut;ion tor z·.(. 120 em. 

',Howeyar .. tor s1.l.f'ticient1y large I, ~ should approaoh a oonstant 

value since there is certainly a finite upper limit to the 

enerr,y of' fission neutrons end conso:::.uently A will probably 

not incretlse greatly for le rge z.; 

Statistical anr! lysis based on the. total number of counts entering 

intc the measurement ot the original slewing down distribution indicate 

tlu;:!t the uncertainties in z2n trom source (l) are less than 0.3%" 
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The uncertainty in the density of tbesemple is 002%'11 which contrib-

. _I 3 
utes an uncertainty to ~ at a density of' 1.6 ri/cm from source (2) of' 

004%. 

The experimental uncertainty in the transport correc1;;10n at any giv=' 
. . 

,en point of' the di8t~ibution is not .greater than! 6%" Since the tot6.l 

contribution ~f the transport corrections to 7 was only 206%1) this 1ndi.,. 

~ cates that the uncertainty in ::c from 80\U'ce (3) 1s certainly Js 86 ~hen 

0013%_ 

Equatipn (16)1> using enough &~n maments to give a stationary value 
. '. ~.' 

of~, increases the f.irst term in the expansion. z. ~_ by. only 5~7% . 

and each additional term in the expansi on contributes a rallidly deoreasing 

part of' this .507%". Thus II if all the extrapolated ~rtli of the r.2n moments 

out to 1
12, were discarded the changa in T 1s only lQ,~%o Cons,equantly,· 

if the extrapolated portions _- of the z2n moments were' as much as 20% in 

error, the error in'~ due to source (4) would, be only 0~2".which 1s small 

compared with the ether toW-ceo of error" It is cQlc1udea,that the un-

. - 2 ' certainty in "1:'- '" 3.10 .. 6 em issuraly not <,,;reater than 1%_ 

Similarly ~ ,the uncert~~ntie8 in -C2' end (';'3 are estimated to be. 1e as 

than 3% end 6% res-p~ctivelyo 

Iil conclusion, it appears thl\tthis experimen~al methcd,'udng e finite 

sample and a cos ~:x: cos ¥Pltme'8«?\ArCe,giVe" reliable res\11ta with a 

reasonable 8i2e 8ample~ It has def'inii;e adv~tage8 oYer epoint source 

experiment. in thst one oan 1I&8SUre to' !;reater distances trom thescurce', no 

geometry correcti ons are necessary 'end ~ll the meQsurements can. be taken 

with OrIe sour~e ~d detecting foil aiZEh' 

r~' -..;-;-.,.: ,. 
7
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