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Abstract

in a urula cylinder result la a mean value of 1.58 am.Measurements oaue

for the diffusion length L for distances of 1 to 4 cm. from the base of the

Calculations give a value which agrees with the experimental reeultcylinder.

the neutrons diffuse

d-. stance of 5 cn. into th# uranium.

and show further that L lacreasuB frats 1.4O to 1.63 en. as
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The diffusion length of tbenul neutrons in uranium haa been determined

Tarlovs thiokneaaea, covered <n the a idee end top by a ley er at cadmium.

to secure a more nearly Isotropic distribution of the thermal neutrons diffusing

upward Into the metal pile.

The diffusion equation for a cylinder, with a neutron source distributed

in the plane of the base, has for a solution a sue of zero order Bessel atr-

mooics, the relative amplitude of - each depending on the source c'lstribuxion.

bith increasing distance from the base, however, only the fund*»ntai remains

and Its relaxation dlatance, b.

(1)2b

the radius of the cylinder plus the mi^antation distance of the neutron dis

tribution.

above the first were present in the metal pile.

between the uranium plates. Cd difference measurements shamed an effect of less

than 1 In 900 due to fast neutrons. The radial intensity function thu- obtained

1

circular disk of paraffin, 1.9 cm thick, was placed beneath the metal pile, 

which itself was supported ( in the original errangaaent) about two feet above

is related directly to the diffusion length, L-.

I <'^2* 
“ 2

The purpose of the paraffin layer sea

sK - 2.4040 la the first root of the zero order Bessel function and a la 

1*

was definitely flatter than JoCr), showing the presence of harmonics higher than 

the first at Z, * 1. ’ J

This was done by .measuring the 

redial neutron density distribution in the Z • 1 plana (1 a above the paraffin 

plate). Measurmtwnts sere made by Irradiating email equal indium folia placed

mi nmbEi. luk/ds or rniam Hunyats ik uranhm

from intensity maaaurcmenta made in a cylindrical "algaa pile**. The pile.

19.2 cm in diameter and 8.0 cm high, was cos posed of circular uranium dicta of

. the upper faoe of the thermal column.

Before b and a could be measured. It was neoeacary to determine If harmonics
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arrengm.

Th*
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mantel.)

than calculating

I eorr »
1

Fl«ura 1 abeam the radial Intensity distribution in th* X • 1 plana, 

point* ar* th* experimental value* and th* a olid

bo Increees in th* negllgibls neutron 

All th* folIcelag a*a*ur*BMMjt* ware made with th* nod triad 

Mat of th* natal pile.

Th* aet-up »•• than modified by pine in* a graphite ay Under. also of 

15.d cm diameter and V.8 am high. directly bolas th* paraffin plate aad 

th* aide cadmium cover dwn to
extend lag 

*«*ar thia addition. Then In order to Imfmss 

th* neutron density th* entire cylinder «m placed directly cm the graphite of 

the thermal column (thia change caused 

effect).

re <•© s ®.S w- 1.04 cm.
ire 2. Th*

•haste that 2*1 the higher hamamio* 

are nw vary mall. and that L can bo determined frem the relaxation distance 

Manured above X * 1.

Th* intensity distribution along the 2 axle earn then measured. giving 

the point* *ho*n eemi-logarltimlcally on Figure F. Apparently the data fit a 

single exponential. shown by ths straight line, of relaxation nlstaac* equal 

to 1.42 <*. An end correction was then applied to the nointe n ar the too of 

the pile. This was dona by eatuoing the augmntatl» diet ne. detenalred from 

th* redial distribution, and the slope of th* uncorrected vert leal distribution.

(A traverse taken at Z * F.ft also showed only th* fuada- 

The experimentally determined value of a give* an eugeeatatlao distance

of 8.46 - 7.62 * 1.04 cm.

urve is Jo(2.4048 r/ ) with 

a taken a* 6.66 am. the point at 4xlch the experimental curve extrapolate* to 

sere. The cloe* fit of the points to J

Xobs
„ ~ 2<go -TT 
° 1.42

The corrected experimental pointe are also shown in
correction is rather large at <. = S but is negligible belr 2*4.

decause of erne uncertainty in th* cjrroctica it ia difficult to attach significance 

to the curvature at the end of the lln*. It la still true that frem - - I to 4
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f

the experimental Oats aha* • single relaxation dist*ao* of 1.4JB with Ln ex-

With b « 1.42 and a = S.M. a* tb*n obtainp* rimes tai uno art* tat y.

(1)1> » 1.0b Z AJ1

Th* limit of error given la larger than th* stat let leal error (which la 1# fx

each point) and la estimated a lady from the a*aunt by which th* point* deviate

from th* straight Ila*

It would sees that as th* neutrons dlffuae through th* astel L should

Inoreare, as selective absorption ralsoa th* average temperature of th* autra*.

This temperature chang* would cause a cmtlnuous increase of b with Z which.

boa* calculation* w*r* then carried out to deter-houevwr, wee aot observed.

This was dan* by asawalng a Maxmine to what extant 1 should chance with X.

wall!** Telocity distribution present at Z. = 0 end di Tie lag it Into 30 Telocity

Th* value of L for eeab of th*** groups was thsa detexmlned fr» thegr jups

relation

(3)• log
LB-l

m*r« ■ la the ratio of total to absorption croee-section, and 4 th* naaa fre*

Th* nacaweary crose-**ctlaua were obtsl ed fran th*path far ell collisions.

Colunbls dets, taking

(4)<ra ♦ aj « (s.sa * ) x ioa oer sec)

Figure 3 aha** the ntsbbwr of neutron* present st each Telocity *sr: the oorras- 

sMOSMitatian distance, then the Intensity duo to **ch Telocity grown a* s function

Adding th* separate Telocity group intensities glr** the '"theoretical*’of X.

Intensity curse shown in Figure 4 (intensity set to 1900 at X * 1). Th* experi

mental and "corrected experimental" point* are also shown on the some curs*.

It is e*ea that the calculated ourre do** show a alight curvature but o- xagnltud*

ponding value of I*.

The b for each velocity grou-> we* calculated fron (1), using the neeaured 
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The overage r*l«x«tlaa fiatance ortoo wn~11 to bo detected ex-e risen tally.

ranges oT 4. and th* cor res-wading L*e are asthe calculated curve for various

fallow:

Lb

1.6411.4161-4

i. far X x 1 to 4 agrees almost exactly with theIt la seam that the calculated

Xt was Intended that the aalaulated curve would merely shoe hemmeasured value.

the oeaa-^red 1> should change with distance, but the eloae agreement means that

tothe actual values of the calculated L’a abxve are probatly nearly correct.

the unslim the dirruslaa length increases from 1.40 to 1.83 cm.
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can them say that In going a distance equal to 3.3B relaxation distances in
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Fig. I Radial Intensity Distribution
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