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4 - In connection with the'restaﬁdardization of the Oak Ridge Standard Pile,
g - it:séemed of intefeét't;mﬁpasdfe'thé diffusion length of tﬁqrmai:neutronsAin the
o  9115; For this purpoﬁo £uo.séts §f.exporimental'data ﬁere taken. .

o in th& first set;, a 1/2 gﬁ RaBe noutrqn source ﬁas placed on the axisvcf
ihe‘pilao Indium foilq,jaboﬁt‘SQS ﬁils thick and 4 x16035 em in area; were
irQéﬁiltéd on the axis.of the pile at various digtances rromvthe source both in
aldminum and 30-mil cadmiﬁm coverso> The activated foils were placed inside brass

: cylindérs and were counted on two glass-walled Geiger tubes., Both the sidé of the
foil toward the source and the side away from the source during~expo§u;e were<placea
next to the Geiger counter and counted, The average of the two saturated activities
thus ﬁbtaiﬂed was‘uSed inlth'Caicﬁiationsb In each case the difféfeﬁce ﬁetween
the aluminum-covered and cadmiuﬁvcovered saturated activities was used as the
saturated activity for the péint in question. Points at distances from 7L em to
135 em from the neutron source wsre.uséd in calculating the diffusion length,

5 In the second set of measurements, two 1/2 gm RaBe sources were placed on
“ a line pérpendicular to the'axis of the pile, each source being 1/l of the width
of the pile (the pile is square in cross section) from the axis. Foils were agéin
exposed on the axis of theVpile and counted as described in the first set of
 measurements, |
Assuming that Fermi age theory(l)‘and;first—order diffusion theory(z)

adequately describe the transport of fast and thermal neutrons, reépectively, in

graphite, the equation representing the slowing-down density alr, t) at age t

- g

(1) Marshak, R. E., Rev. Mod. Phys. 19, 3, 214-216, (1947).
(2) Marshak, Brooks and Hurwitz, Wuclsonics, May-August, (19L9).
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(5‘Ehe numher of neutrons pe‘z'? unit volume at ¥ passing the age t per unit time) is

2K

and the thermal neutron flux ¢ () is given by

i - H - SEH

-\-743(5;‘5-—-@3( ?’()L x,) (2)

wheréS‘(f', t) is the source term representihg the distribu‘tion of fast neutron
sources throughout the medium, t, is the age corresponding to thermal energy,

L and >‘t sre the diffusion langt.h and transport mean free path, respectlvely, of

~ thermal neutrons in graphiteo ‘The age t is given by'

o % . | :
4 f N (E) RE |
= g— , (3)
- 3F [1- &o~B E ‘ .
3T Do o
where E is the neutron energy, E, is the initial energy, f is the average

:lvogarithmic energy loss per collision in ‘graphite, 0 is ﬁhe average cosine

of thé angle of deflection in one coliision, and )(E) is the scattering mean
free path in graphite. ' - "

We assume that both ¢ and q vanish 'th a distance of Q.71 )\t beyond the
actuai bbuﬂdaries of the graphite pila(n . The pile is square in cross section
with an effective side a of 165;9 en, exundé an effective distance h .of,l9801'c‘m
aboﬁ the source plane and is agssumed %o extend to intinity below the source plané.
The origin éf soordinates is taken at A top extrapolated corner of the pile with
the g ‘axis pointing dowmmard so that g and ¢ must vanish on the p}anes x = 0, aj

y =0, a; ;=~0t°°°

(3) MBI'Shak, R. Eo, Rev., Mcd, Phys, }_2' 33 218 (l9h7)o



We use the Fourier Transform to solve this problem(h) Equation (1) is

;-¢~ multlplled by
B = M;’; i DTS Ty

j ad

and integrated through the volume of the pile, i.e.,
Ve V”‘ﬁr”“?mf? S e 2

< LV v (g, ;,i')‘é-% + 5(47);*)]

and gives
— ~ -;_?1. /’L N — — ‘
ﬁ + (‘g + @Z’: +m_§ )% (-&‘)M,M)'t):S('(\M,m’i)(h)
where = o :

%:('g)"”’f’”/t) = ﬂ—%:jo&&f&;

o G

j&; %(4;(7,2;*) o X 5 mww_*gz_mw

| &"f&’f“*? 5('*»;7 9»”’”’“*/ w2 T

ot

Equation (L) may be solved immediately to give

e A B A AW Ry 2 55 4 ~

* - '
T (X, mm, ) = gg‘(f,m,m,x) e (0 U T (e e

i (4) Sneddon, I. N., Fourier Transforms, McGraw-Hill (1951).
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Performing a similar transformstion on equation (2) we find
A, ' '

- 5 S e KBS -y
(R mmim) = N (‘ﬁ" g T, L ) o (6) -
- - ar V ) A . b A

_ Now we take the source term to be d (~- &> J(y" %’) cr(] “R‘A)}

and suppose that the energy spectrum of the source may be represented by a finite

number of dlscrete lines of strengths f and ages to thermal energy of 17 17 'K,',

~

(&= 13, fn») . Then the i'ntegral becomes a sum and

2 A~
(r* +M +77m +J__> (D

) mmf—ﬁwj rml

Mk L pep e o

and by the inversion theorem

ioaim L AT Ty T
43'“‘ %blmlma{ o 2 MM o2 A T ek _l:;Z
- (@)
S&)\’Mf,gwtﬁ 6;?1,{“(7\’-{-77'(%\ _,_Wm )X»}
o (\R '_-1~ a\- L») B

Performing the inverse Fourier transformation in the ; coordinate by usmg the '

convolutian theorem for the Fourier sine transforma tion(s) we flnd '

g==+4 L s 2 ‘&- %{-—(mm )'i’___:x'j? mzmm__'xm m«_ﬁ -
}\ T PR f ot : : . ~.:;:'.§.~
o L I )

(5) Tbid, p. 2L.
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S 'Carrylng out the indicated 1ntegra’tion, writlng IA_ = 4 s and'moving the
. ) .
: origin of ;‘ SO as to coinc:.de with the source plana and so that the boundary

is at ; = h, we find eventually

2 %Z nl/% wT Tt " ‘
= N o A o 2 i B T
RN T i T T Ty

b

e 2 -
«Xé T R i) P ) ™
_(242~;3/,&MM , &ga-g)/}r | | |

o TSR R e )

h - | | ®
" wnere ‘ " “ “~ ] 2 e
— =(m+m ) I + = (,Q-.—.—-—f Aan
oy O A P
m , ”
It was assumed, following Fermi and Anderson(é) » that the energy spectrum

of a RaBe source may be‘ represented by three discrete energies having -corrqsponding
gaussian ranges in graphite to indium resonance energy (l.Ll ev) of 28, LO, and 60 cm,
- ‘ The ranges, . , to thermal energy were taken to be 32.5, L3.3, and 62,2 cm,
respectively(ﬂ
In order to obtain a value for the diffusidn length L, the experimental data
ot the variatlon of ¢ with distance along the . axis of the pile were corrected by
an iteratlve process to an exponent:.al variation having the form of the first
harmom,c term, E._ ", A trial value of ,Q,—” (and consequently L) was obtained
by fitting the experimental points with an exponential. Each point was then

4 (6) GPA-6 Classified document.
- (7) CF=280L Classified document.
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"‘multlplled by a correctlon factor C(éi s L) giveh'by ,; :,k

| -7 A M L |
e i e )

: 7ﬂhnm- » '_(;2‘3»$”"'. 2 h ¥
+ € w{m(% )"‘C ) Q %(Qﬂ; *ﬂ;.)])z
A new value of lr” was obtained from the cofrected data and the process was
repeated until there was no change in &, . The end correction terms in the
denomlnator (those containlng the helght, h) were smgniflcant only in the first
harmonic term, |

For‘the case in which a‘pair of point sources is located at x = a/h, -E-,
= a/2, the correction factor C(éi’ L) is identical with that for the single
source except that the chief harmonics (m, n) = (1, 3), (3, 1), (1, 5), (5, 1), etco,
are suppressed. A value of L was obtained using the modified 053 L) from the
double»source data,

The strengths of the three groups were obtained experimentally, Indium

resonance activations on the axis of the pile at various distances from the source

were obtained from cadmium»coveied foil data, Agaih both sides of the indium foils

were counted, - A correction faétof of 1,14 was-applied for the absorption of the

resonance neutrons by the 30-mil. cadmium covers, and a correction for the self=-

’ absorptlon of the indlum foils was made by decreasmng the geometrical dlstances

to the source by 6 mm. Both of the abqve corrections were made fbllowing CP-280kL.
These data were fitted by the least squares method with the sum of three

gaussians having ranges‘bf 28, uo, and 60 cm, No end corrections were made since

‘all experimental points were taken well away from the end of the pile, Following
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~who were respongible for the m

& previous experiment at Oak B_i&ge s the least sguares eq,uation,é wore weighted
so as to give at each distance the same apparent saturated a.ctiv;i':y, namely
about 1/2 of that of the point nearest the source (13 cm).

The results of the mathematical emsalysis are ag follows: The L

obtained in the single-source experiment from the experimentel date with no

co:ra@tiom was 46.6 cm. Assuming a point gource of thermal ngu‘brons‘ and

applying the harmonic correctionw)

appropriate to this source changed this
to‘ a value of 54.3 em, and taking both the harmonic correction and the soﬁfce‘
energy spectrum into account as disecussed above yielded & final wvalue of L of
49.8 em. Simi:larl,y,; in the double-gource experiment the cérreap@n@ing three
v&lues of L obtained were 52.3, 53.3, and 49.9 em, respectively.

A recent meagurement of the diffualon length of themal ‘meutrons in'
graphite uging the “"cadmium shutter” teclmique(% bas been ma,de gt Hgnfo:d.
In the report describing these results, the authors state that the extra nui-
sance Qf thej cedmium shutter techmique 1s as muc;h trouble"é,ia""the "ext‘m cqmplexity
of the fast souxce qqua.tiogsg We have foumi that our meagurements ag described
abové uging these equations lead to consistent results and that t.lw present
metho@ is entirely feasible for the msasurement of diffusion lengtha

i We ahmld like to express oux aypreci&tion to the members of the

Mathematics Pamel, C. L. Perry, Kathryn Gramw, ‘Ees._n@y Given, and Vixgixiié; Carlock,

L @z&&mzl&tions o

R,

(8) H W 21793, p. 16 (Classified Dosmnem;)
(9) HW 21793



