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1t tum»d out th .t ths asaount of waterth* critical condition.

needed lor thi* was about 20£ less than had been eetins ted fron th*

1*1* net yet quit* aloarresult* of the exponential export went.

Th* construction of th*what the reasoaa 1* for th* discrepancy.

pile 1* now practically oeaplete. and the waohlne will be put in

operation to power as soon a* the balance of th* t*-9 arrive*.

•ooticn on nuclear propertie* of product, reported in Ci—1T61.

The loa< range alpha particles waittod by 26 under neutron

for ths ;rodtetion of

Th* total croas-for ranges between IO and 16 e.

section of 3.6 for artist-ion of titeae alpha particles corresponds to

about 1/200 of the absorption cross-section of 26.

hr. Hughes carried out see* neasureaents on the diffusion of

thcraukl neutrons in uraaiue saatal through a thickness of 5.6 ea.

He finds that the average value ol the diffusion length is 1.66 os.

with a slight indication of a gradual hardening of the neutrons with

increasing depth.

dr. Seren has carried out additional neasuressents on th* active-
99SHis results ar* suanaritodtion cross-sect!ons of various isotopes.

in a table in the report.

SUMMARY or AC* IVI41 bS O EXi-W IMITIAL t-i OVPS 05 
wucuum hitsics uivisicti

During the Month of May the P-9 pile at th* Argonne Laboratory 

has been partly filled with liquid to th* point of actually reaching

irradiation have been studied by Mr. t*r;hes in th* Wilson chsuaber.
—24He reports a oroea-oection of about 2 x IO

A masher of cxperlsssnts have been carried out in Mr. Anderson's

alpha particles of ranges between 5 and IO <n., and a oroes-sesticn 

of 1.6 x IO'24
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«. waa psrforssd la order Vo dotarmln- Uw increase

IV was found chat the den

sity of neutrons inoreaoea by about 4C£.

AB experiment M> perfomed in order to determine Aether the

decomposition products of water by nasion fYa^ents reach a satura

tion pressure. Bo Indication of a saturation wu ebserwed up to id

atmospheres pressure of the de tenet ion sdxturw.

Mr. Anderson constructed a W

walk neutron sources.

sources csd.tting About 1 neutron per second.

la Mr. Morrison's group work has been going on la order to de

termine the reproduction fee-ar of various types of Hanford lattlo-s.

ions points on the technique oT the anaoursmeut haws to be cleared 

up bo .•"ore final results can oe quoted.

I I -

^96
OOf

►

in neutron density at the end of a h-slug when aluminum spacers cC 

*/• • thick are interpooed between sings.

3 chamber for the detection of very 

it is possible with this oteuaber to detect 
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There wan aeailablethat liquid eould bn• o

to make an ettsayt t« get a• .130 or r-». it wan decidedIbe. a* d

to fled da*areaction with thia aaoust,chain
I Thewhich weald glee the critical else by extrepo .’at ion.

the critical height la the1 nd laated thattial experiment had r»a®-

theAotually,in the neighborhood of 140tank weald hetor on

Thia la a122.5 ea.a height oloao tomachine borame meeting at

no* riacritical roluae of 8.214 liters and a aritioal nona of 5.44

expected critical value* end theThe dlsorepanoy botwoea theten*.
»

but aunt lie either la ea under-an teal io not understood.one

of the of foot ivouooe of the reflector or in an laoctlast e error
♦

The critical also foundthe esyeaenttal oaperJa*ata. rolls for a
-dKp.ae'.en of the order of 1000 a 10 in the eiponen*whereas

2tial oxperimoat a found•was

immediately faced wee theThe vocation with »hiih wo oaowe re

in this aaahtno. Theof theas a i ag w se

table glees the height of P-b and

for these various heights*a*asur*d

■eight of f-» 
in Bcaetor

»

pumped into it.

t

IO-*

. 5 .

value mu ah closer to ®O>.' x

The P-b experimental machine was

exoees K which It available

the exponential period which was

sufficiently completed on

or more correctly.
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The re letleash ip tetweon ih and periods is given by

♦ih 33 1139 a -42” a 601♦

find ?er ths periods given in the table that
th * 64

•horw h is the height of P-9 in os. and 119.43 ia the heighten.
of the critical le «el. Also

s 2*32 a ih.

and therefore. 1 represents about O.13< in I.SB. IP the tank i a
riii-d. the le vol above the bottom of the tank will 102be oa., and
the rePlector »Ui have an oPPectivenosa of about 14 thatoa. so
h s 200 This would giveoa. indlasted OBoeso F equal to 1O%.an

Thio is auoh aver outlasted slave the sensitivity was measured Per
• height is which

than its width. atd ll.oroPoro. quite sensitive to change inwas

this single dimension. It oaoess
K will be about 0<. than is required Per ordinary
operation oP the machine in fast. about 3"C is adequatet Per this

A number oP suggestions have been madepurpose * for utilising the
spare X (1) rojaeket the rods with jackets thick as

(2) rodsremove to peak ths in
tensity at the central experiment thimbles (3) add several ao re

bo adjustable) {4) soso of theremove

rods and replace them by rods abode oP ohomioala in which usoPul
isotopes may to synthesised) (0) add P-9 which.

theat could be a oorroeloa inhibitor. OP those sugges
tions . ■o. 1 would bo the most dosiracle. but at this stage it
would introduce considerable delay machine.

«S8 □06

io-6

!/•’ » in suoh a way as

Thia is more

Proa whies we

the reacting volume was a cylinder oP height ices

in the operation of the

These are

is estimated, however.

control rode which should

some oP the

same time.

some poison to the

that the

a (h - 122.43)

<v
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position willrods whosoo ontro1addbeen decided toI*, has
a oortain numberand to r««o»abe adjustable by hand

will bo dotarsxnod byremovedrode must boHow manymetal rods*

expar > mont«
th« construction otoont rol rods,

the
Itsufficient amount of P-»-deX ivory of athe

i n theP-9 as reflectorsomeope rateoirable to
bo generatedradioactivity wouldsince excesstanktop port of the

beyond whata be utTherefore,shield.in the upper
operation can begin.received before power

898 007
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Other than additx-n of those 

machine is substantially completed. and power operation awaits 

is not thought do-

two more

on hand must bo

two tons

of the heavy

the machine without

is tow
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* H. L. Anderson

L. Seren, H. Friedlander andActivation Cross-Sections for nX Reactions S. Turkel

Additional activation Measurements cctapleted during the month arc listed in

txplar.atcry remarks concerning these tables are given in (CP-1175)the table below.

and (CP-1592).

Al Mars

20C*48 Pile.00105 355.850.19 30 min. 0.55
daugh-

Pilc0.19 150 min. 0.205 .0C<J9 *5.85

96.96 <0.00(31 <_0.0003 Pile8.5 days

0.73 0.73100. 10.7 min.

*11.66.6 min. 0.00990.0099100.41

0.039 Pile5.26.8 0.5749 min.

13.60.0142 Pile40 min.

Pile0.072 75.26 hr.

Pile0.0121.11.1 1C5 lays

OO&

Natural
Isotope Cross- 

Section

K-capture
X-rays

147 and
12.9

Thermal 
Column

min.
ter.
Nuclear Isomer

Half Life Isotonic Atomic 
of A + 1 Cross- Cross-

Section

Thermal
Column

K-capture 
X-rays

to 57 
daugh-

Abundance
%

c_-_

Absorption

Gives rise 1
2130

Two groups of 
particles observed, 
owe description 
below.

Upper 1 Imit of 
cross-section 
calculated assum
ing 1.1 Nev z'-ray 
per dialntegration.

Gives rise to 57 
min. 21 -r — 
tor.
Nuclear Isomer

_ 124
5fHn

e ‘125

Cb93

Gives rise to 105 
mln. .gin4'3 . The 
efficiency of the 
G-U counter for

X-rays was 
computed.

2^®

Where Remarks
Irradia
ted

o59

2(^°

Sn125
50
50^
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Pile27.20.150.789.3 hr.19.0

Pile«?4.0.C140.07319.0 90 days

12le 12.6 mi®0.04 360.13372 rcln.32.8

12.6 Pll«0.005040.015432 day*32.8

-.,130 52Te 7.10.08010.24225 tain.33.1

25Pile<-0.003 «7.1c. 0.00830 hr.33.1

-13052t. Pile0.08020.24233.1

192 PU»187.2.195.3417 -lays41.0

9.40.02486.7 0.375.5 tain.

10.00.0870.304.23 sin.29.1

=

cross-sections because its tsoseric activities of 150 minutes and 30 minutes

respectively, both gave rise to the seme 57 minute half life daughter.half life

Grenhe were flrat drawnThis In turn decayed to the etable

from values obtained from the theoretical equations of such relationship in

These were approximate because the equations assumedorder to study the decay.

the initial number of daughter atone to be aero, whereas they actually were grow-

698
009

f

Oivua ri 
ein.

ffifvwifrrnm 
adn.

Natural
Isctooe Cross- 

Section

Thermal
Column

Thermal 
Column

8.0 lays 
daug iter

Thereel 
Column

Abundance
%

52 
Nuclear Taomr

Nuclear laoaaur 
n 72

213^9.

Al 
Abeomtion
of /’-Rays

52 Te

76Os

8OHF?CX

22T14’9-

'Juclo^r Iscawr 
Nuclear Isomer. 
Ilves rias-to 9.3 
hr. 52Tel?7.
Nuclear laoemr1

52T*

Cross-section cal
culated from 8 day 

laughter 
which grows from 
25 isin. and 30 hr. 
activity

 126 “e52 
52Te126

Range of j9-r*y* 
*20 '■upt'ev^ 11 or 
0.12 'Are

52Tel3O

Nhere Remarka
Irradia
ted

Half Life Isotonic Atomic 
of A 4 1 Cross- Cross-

Section
mIO^cw

The decay of ’'•9uir*< • somewhat unusual treatment to obtain the

— 128
52

Tl203 eiT1
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ing and decaying exnonenttelly with the decay of the parent while being irradiated.

A general equation was then derived in which the entire activity, without approxi- 

wations, was extrsnolnted to include all the growth and decay, during irradiation

The crosa-sectiona submitted are a result of the application of.and afterwards.

thia equation.

suggested that theConcerning the 10.7 minute Co

Finally,

Deutsch and Elliott

less of the disintegrations.

At least 90% of the disintegrations proceed by anand is follow! by a X-ray.

isomeric transition by a 0.056 * 0.003 JbV X-ray with corresponding conversion

These

X-ray of greater than 0.07 MEVlow energy clectrona must have been produced by a

The cross-section has been calculatedin order for our counter to observe then.

branching, assuming that each particle (hard

represented a disintegration.

were detected byThe indium X-rays oroducod by the K-capture of

Frost Ctwoton and Allison's book on X-rays:

on the basis of this , or soft)

>6°, Livingood and oeaborg1 2 3

1 Living, o. and Seaborg, "Phy. Rev. "60, 913 (1941)
2 .Melson, Foci and Kurbatov, "Phy. Rev.*, 62, 1(1942}
3 Deutach and Elliott, "Phv. Rev.". 62, 559(1942)

2Later lie Is on, Pool and Kurbatov

electrons. Our findings are, as a whole, in accord with that of Deutsch and 

Wb find that 10.8% or leas of the disintegrations produce a -ray whose

3n113 5O3n

taking absorption curves with 7.5 rhodium, palladium and silver absorbers.

radiation consisted largely of conversion electrons resulting from an isomeric 

transition to the longer lived (5.3 year) Co^.

claimed that the radiation waa that of continuous beta rays of end point 1.35 - 

0.1 MEV and a X-ray of 1.5 * .02 AEV but no conversion electrons.

3 found that the direct transitions constitute only 10% or

The 0 -ray has a maximum energy of 1.50 1 0.15 -*EV

Elliott.

•x. Al is 12.9 c^/gm while the rest of the disintegrations (69.2%) show up 

in the fora of low energy electrons whose ^/P in Al is 147.5 cm^/gm.
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K-critical absorption A'*for 49 Indium
o oA = .5155 A for
o

s .4645 A°47*e»3 “
o

A
Note that both the K

The

liues the remainder. Gn the acconnanying absorption

or

S. 7. Barnes has produced the

in equilibrium with the 105 day X-rays.

by neutron capture *«cay

into 8.0 day

activities, but this is more of a coincidence rather than a demonstration on the

ner natural atom.cm

• W

I

A
A

accuracy of our measurements.
126,128 and 130

and JU2

S9&

52Te

46™

The Sn foil was cnver-

A - .5330 A

A = .5080 A°

^gln would be strongly absorbed in

> comprise 84.3% of the X-ray tranai-

Kh, 
45 
46™’

Note that the cross-section of sll three isotopes 

is only .293 x IO-24 cm2

K-2

Pd or 2,7Ag.

^yAg absorber points due to the presence of In K-< X-rays, 

ed first with lucite to remove all the electrons.
\

isotone by proton bombardment of and finds 2 /'-rays, .065 ^fc.V and 0.39 Xk*'

The production and detection of by a

Both the 25 min. and 30 hr. periods induced in

is almost exactly equal td the cross-section computed on the basis of the two fonwr

and K«m p *.-ray lines of

slow neutron (n,^) reaction has not been reported previous to this.
T.13C 

52l*
The cross-section commuted on the basis of the latter activity

2i5rth but not in Z<C)

tlons of and the R^s

curve, the absorption points taken with /,jRh absorbers fall lower than the

K-^ = -5111 A

R.-' -i . .4542 A°

o



Effect of ~lumlnia End Cape on • 7. Table «ad 3 31st1Ina

<*

•t ths ends la increased. For tluffu seoomtod by 7/8" •l-nlBua spacers the 

beat production at the ends la 40% higher than it ths ends are in contact.

the boat production is caxvualently measured by observing the X activity.

Uranium metal disks of disaster equal to the slue diameter -«nd .002" thick were

placed at the ends of the slugs. Xa a given irradiation ons oC these disks 

mas sandwiched between the ends at two bare urnaiun slues end another bet seen

the end cf a slug and the aluminum separator. The distance between the two

disks was very nearly equal to oos period for the -ng jane lattice (B^") so

that the neutron esvlronseat of the two disks was quite sial liar. To avoid

anymymatry ia the lattice the posit!om of the uronlun^urunlua Interface 

two euaos.

xzr j

1r xa

through on aluwlnm ubeoeber with oa ioaisatica ch^ber connected to‘-aFpS4

The y activities observed were all reduced to a fixed tineset .-Il fl cr. after

the end if Irrudlutlaa by reference to «. typical deaty curve far the n.rtleu]^^

irradiation used.

The experiment was d-xne first without water la the ranulas and later «rith

The results -re tubulated below.water in the annulus.

EZ
F*oti“t\or\ If

and umalue-> lorn laws interface ia successive experiments sere interchanged.

Ths sketch shown the disposition of the slugs, the wafers nod the disks ia the 

The heat .orod action in umaitxs ia due almost entirely to fission. lines 

the / activity of Irradiated uruaiua is also alau^t entirely duo to f Ise ion, 

HF

Aluaimun end cepe have been yroooeed to cool the ends xf Hanford slugs. 

These end cape, however, separate the slugs so Much that the neutron deasity

|U-T’e»»

I .. —..M....- Z
Fbtt+ion X

nil Irrudiutlons were node Ideatieolly iad all X sctlvltlee ware eossurwd

^#*-**«“

I

I q
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Mti-rityfasltlos

«**u.

1.401.34

is dlmlsiahad toy the** result*.

%

— aark*d.

X
II

X
II

toss
TT3

M 
998

MO
TOO

o-o. 
o-a

x
ii

X
XI

0-0 
0-0

MS. 
1004,

MO.
TH.

^iS!3L.

wia.
1030. 1OM 
lorr, low

S9t,

IO per slant*.

Ito* ■jiiMrtfmi* aaatros •alaaloa fires • 1.41 kllaMese sraslw ■**■! Issp 

<1*** 80 *ouat* per slsut* stoor* Utogrrwd. toise* ttoa a**tros fM

masb a 1W >• >"ir< to be 88 asutroee par assoad. ttoo «fri*l*n*y oT ttoo sbasto*r 

la *stla*t*d too toe 14Mk Xtota *rri*l*esy dopsada ■ ...... Mat as th* easrgy <U-

trlbutias oT ttos aoerae but for most aautroe mitten th* d*pastas*a is sot ▼*ry

High Sonaltinty Waatron D*t*otor - H. L. •Marana. Stars aad J. IMbb*

A law W. partial* totolaatlas aheObar baa toeaa ooa*truet«d Misto la 

lakandad to aavut th* mM>«t oT aautrnaa emitted fires *aak seetros emitter*, 

yfc. aMtoar aaataisa sola* of Ws aad 1* eatoadded is a lai«* paraTfia blaato. 

Ito* ■ i rtr— aosree is placed is a *«Tlty Mieto astaada latoa th* a*eter << tha 

- ----- . Fast Beetmae asltted by th* acaure* ar* aloaed doam is W* surroaad-

parafiTla aad d*t*at*d aa tberaal awtrooa la tto* ahaMar.

Ito* boakorouad la largely du* to •». a act anisettes *C tto* afcaOcr sail a. 

•toast 1/8 oT tto* beMsraeod pal*** ar* aaaaetoat !*<*«* ttoaa ttoos* tb* boras 

MalatacsatltM. OSLm • Otaarlolastar alrauit de*l«aM by tor. irtll tto* larger 

j-T----- *r* not *Qust*< aad It is posalbl* to opsrat* eitto a b*eto<rr*»d aosst <T

*
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Tbarw waa ao 1edine■The pnsauv laeraaeol liaearly with ualfom irradlatloa.

tloa of • aatumtloa pwaaurw at which the rate of oocriblaatloa agaala the rate

tin low rata of rw ■radblaatioa way be «aa to mnwl of oxyseaar tlasociatloa.

by aoaw altaswtlw prnaaea, or to eoao iahlbltlas ectioa of the walla • wo bare

wot beea able to aba air tboee potato aa yet.

Tbo oolatloa la ■aaloeed la aaaloa of IS 1* about 1.2 aa of oolatloa aa UM.

ryrex claaa tuba provided with oapllX-ry tablas at aaoh oat.

abaarwwt by obaervias tba tlaplanoaoat of a aareury pellet toward tba eloeod oat

of oaa of tba capillary taboo.

water dlaaoeiated poor 1OO wv of fiaaloa energy.

Ito aaamat of oaa produced aw a approxiaataly what aisht bo expected froa 

tba onateer of flaeioaa after txa KJQ (3 a 1313) oat a yield of 1 aoleawla of

Tba pro boat apparatwo oaa —aaara tba cataotaa of 1 aoutroa par oooo=4 la

• bo^w of oboarwatloa with a atatiatioal aacexacy oft .23 aowtroaa per oaanod

4 lot loa rywaesra of atar Dap jo n 041 op - K. halo rone aad *. Faxwt

Tba saa pro peer o tcwlopet la a elaaad wo eel eoatalalas a water oolatloa

*
0



lb -

/v> r/W73r XU*A*rt_Guns

E?«1

Afy S«.u«
/ 4*

/J

72 -

7/ -

X?

7

e

2 -

/

i 
*?<?

KttOvt^rr MQiJffS

i 
400

I
SOO

S9S

°o

I
I J*b

A
r^

zp
fi^

e 
;

m
m

nn
m

ig
i

( 1 1 ■



t

- 10 -

DIFFUSION EXPERIMENTS IN THS WEST STANDS

D. Hall

The work of this group on exponential piles in the West Stands is nearly 

Measurements on Hanford lattices. besides those ail ready reported.terminated.

hare been made to show the effect on the Laplacian of thick Al end-caps, of 

safety reds, of poisor. slugs, and of the replacement of air by tank He.

These results will be reported about lune 1, when a neasurement of the 

effect of a suspected wall reflection, which Influences all of than, will have 

been coe; leted

t

*

■

$

* . I



D. hughes md k. Brogdon

The neusurcmen.s. thlch were made la a untlun cylinder. resulted

in a moan

CwlmiliHrmi give a vulue uhioh igrees uith tho exoerlw nt*« 1cm from the h-ise.

result uad shoe further that L increases fras 1.40 to 1.03 cm as the acutr-o*

diffuse a dHtwico jC 5 co into the urmlua.

U. Hugi.M, C. Iggl*', and fa. Keener

<■<*• from ur-mltas.of

cloud chunter.

* per tco fissions'* ofHad the reported "ooe

Ths nuabsr

jb ..uned shows that there ure ub nit us mayactunlLy

in thu 13 - 15 era mage.

additional work on the nunfcer vs. ruuc* relationship is planned for•mi nc

Airt athe near fvturo, wo alee in the accacip axylng figure the results to d-te.

The curves ure40 trucks obtained froa thick ur inion aotul covered with •<!.shows

integral curvec (number of tracks of range greiter th »n B versus R)drawn os
For the Lower curve toe stoppine ->o- erbecause of the thickness of the source.

of tho chamber plus .vl wus 12 cn air equivalent (4 track* 

If the «k*o had • single range these

°19

Diffusion Length of Therrnl Neutrons la Urunlmn

This experiment Bus boen finished -ad u re >ort is a* being wkbllab«d

t’tayslcs Group VI 
(written by D. J. Hughes)

-x’s froa Vrunioa 

i>ince tho lust acathly report we have done state work to check the occurrence

s-ith rwnxe p-12) for

- Lt -

*'• in the & - 10 ra **<

(Cf*-1732 ).

value of 1.55 cm for the diffusion length L for distances rf 1 to 4

m*s only slightly longer (soy 4-8 on) than the natural

This was dne by photographic the rays from an uncovered enriched urunlum oxide 

foil (40 w. oxide on 30 ca8) ia the c loud ebuhber. There were about 180 anturul 

•< »s from the foil oa each expand an (aax. range 3.2 ca air) and one long

(range 4) per 80 expansions.

Sy.'« been true we would have observed two long <».*• per expansion.

the upper 15 ca (3 tracks with rungs 15).

axirvMi would extrapolate to that range—obaut 15 aa but the extrapolat 1 is not

IM
h>

 ' 
*

*
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It aeorasJurtl'trf in the lldt-t or week with thin Foils dlsmasad halt*.

TLe cun« a

Few •oa»«b'» longer.

The remit isproduction.croc a settioa for long

The oalculatlone were aleo carried out eery epprox-or a total oF 3.8 barns.

tout 2 barn*

Thisfor the U> - 1ft an grow?.

.'■tri From 8ft because the 12 fold eariehnmt Factor entered the c«lcw-the

latten ta the Fenner ease and not in the latter.

with riMl w

and the uvular relationsblpa larolved.

la

addition a ft ag re foil ia to be used ta a search For the long

78

. Thia isotope could decay either by pooitran miss ion ar K electron

The MMnpla tea placed la the clrnd ehaeber andoapturo >sd ml sal on oF X reyn.

o?o

r~ir~T~g the neutron Flux, amount oF enriched naterial ireaant and the 

aenalttro tine cC the ohudber. it to possible to calaulnto a rough ruluc For the

.Ikely taough Fran eurvea a that a Majority oF the

■ metre oF 118 loess’s

laately for the t rock a Fran the thick ur-.alwa natal also string 

ia istcrectiag mainly la that It indlcetea that

acre ta aaa being started on the coiaeldeoeo oF long 

For thia, thin wide Folia on lancn

JUue to gen-wtry, the chjrber la lea* sonaitive to loaf: trocka, and tie data bleb

The

1.3 burna for the 10 - IA on gr«*P 
8.0 burns for the ft - 10 on group

shout IB er. Part ft given the di tt erest lai range 

obtsi.«od Witt thin (Jem -lr equivalent) cnrlchod oxide Foils. 

e<nwlt« cC runs nude Uth ~i aba others varylnt Fran O to 20 on -Ur equivalent.

m,*a hnvc a mxuasra range oF

Film were prepared so tb-at both riaoioa tracks are observed la the oburher.

»8 Fran Pu.

.oc«T Qf C. Mglcr sad M. Kaamr

at the reiueet oT hr. barea we have 1 nvest 1 gated the node oF dialategretica 

or &e

make up tb< coaoaBite curve *ero corrected aapraxlmtely For thia factor, 

number of trucks For each runge la roughly constant u» to 1ft cm, clth only a

• I
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photogiuphed tooth with Ho and A gas in the chtmtoor.

These results agree with what

D. Hughes and X. Brogdon

898 022

Theosal Westron Spattering Croes-Soptions

Preliminary experiments are underway to establish a method for datarmining 

elastic scattering eross-sectiona at thermal energies.

standard, euoh as graphite, using samples thin enough so that absorption offsets 

will be negligible.

The method is essentially 

to measure the backscuttering for a fixed solid angle relative to that from a

would be expected for AaK X-rays, as will bo reported by L. Ceren, and show that 

loos than 1< of the disintegrations are toy positron emiesiam.

In A many short photo- 

elootrooB originating In the gas were observed, of range about one sat. but no 

longer electrons (above the background) originating at ths foil. In He only a 

few nhotoeleotrona were aeon in the gas and an upper limit on the number of 

•Isotrons starting from the foil could too fixed.
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THEORETICAL PHYSICS GROUP
E. P. Wigner

The blueprint work and other direct work for W has sharply
decreased during ths month under review. Kost of the work in this

It was carried out chiefly by Kiss
Way. Its main result is that the shielding of optical instruments
ia a very serious problem even if plastic rather than glass lenses
are used.

Similar results were obtained
for other arrangements.

The Lattice Design Group under Mr. Weinberg continued to co
operate with Mr. Friedman's group on the elaboration of the two- end
three1 group theories. In particular the experiawntally obtained dis
tributions of the production of thermal neutrons by a point source of
fission neutrons in different moderators was analysed and the constants
for the two- and three group theories obtained. The work on the improve
ment of the diffusion theory was continued with particular reference
to the velocity distribution of thermal neutrons. Finally, this group
devoted considerable attention to the water-uranium lattices and ob
tained the temperature coefficient of such lattices. These calcula
tions show, as was to be expected, that the leveling effect plays a

*3#

I

Thus, for instance, it has been found that even a borescope
with plastic lenses will darken after a few hours use at w unless not
only the tube under consideration but also some of the neighboring 
tubes are emptied of the heavy am tai.

connection was concerned with shielding problems, relating in parti
cular to optical instruments.

SUMMARY OF THE REPORTS F THE
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aiddlo of Um slug.

hSllUB.

024

*

»r. OhlInger collehemted closely

In this work. The nala preblon roanins Ww handling of Um cartridge 

during and after discharge which la quite difficult on account of Um 

high radioactivity.

This offset la caused by the neutrons haring 

rather free access to ths ends of the slugs) this increases the *r—*

»

—

Miss iay’s group, la addition to Um ours neat i snail la the o 
first paragraph, continued the review of the axpofamtial super taunts 

carried out hitherto. Xa particular a oeuparlees of the experiawnte 

ea the Hanford type lattices gives rather eeaalsteat moults shoeing,

very laportant role la water an tier eted left loss and gimo la sown 

oases aa increase of the nultiplication constant of the order of one 

to five tinea icH* per degree.

production at the end of Um slug and nekee a sonewhat increased 

thickness of the conductor type end cap necessary. A good deal of work 

was devoted to an analysis of Um frost toot and of the possible r---------

of warplag. The theoretical work ea cartridge type loading (cannon 

Jacket for all Um slugs la a tube) nao  if with special eaphaais 

to cartridges with high heliun pressure but without circulation of

The Pile Design Qroup under Mr. Touag continued the work on 

the thick end capo. Xt was found ia thio connection that the energy 

production at the end of the slugs Is increased by as nuch aa XX aa 

coopered with the energy production la a cross section towards ths

These cartridges ham a pressure gangs on oas end which per» 

alto dotcotton of a leak by the ensuing drop of ths pressure but am 

otherwise canpletely sealed off.

■



The Bill attca Group ender Mr. Soil* ceintiaeef the theoretical

It alao «e-investigation of the of foot of radiation oe aaterlala.

operated with the Technical Division to prepare for the erperiaawtal 

detection of poeaiblo haaardo at Hanford.

la eeatiiwierf before, the Shielding Group under Hr. Friertnen

continued to develop the two- and three gresp theories in eollab lion

however, that the effect of the water oa the —1 tipi loot tow sonata— 

any hove been a lightly perhaps by aa week aa jf wiitere etlnated.

——. ... -«- •

*

&

k
I
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rioeVore.

la addition, U*o effect of fiaolan (an faand Lovely

la k?) oa the critical elec hao boon larrootlcalad.
*
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urncB dbioi orocp

A. M. Weinberg

rta

|

0^7

kr. Cahn hoe fitted rarloua analytlo fanatinna to Andenwo'a 

expwieent&l dlotrlMXan (at Lndlaa reocnaoo*) of floaiaa nratroaa la 

aatar. Kaah type of hurtlrwi «M adjusted to «lw the saw a<o (Jt.3) arf)

The fwMtlona aaad (for a plana
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ftanction for a simple differential equation, the solution of the pile 

equation, especially with a reflector, is enoinoualy simplified.

In

rwutron* is correspondingly unimportant. For this reason there is very

almost twice us large as in a rraphitc lattice near the optimum. T»*e

the diffusion of hot neutrons in the water is considerably easier than

the diffusion of cold neutrons. "Leveling" in a water lattice therefore

results both free the

cross section.

Those considerations may prove to be of sone importance in

determining whether an HjO-metil lattice will chain react. The old

s»t,
°2t,

re won for thia is that the scattering cross section in water decreases 

strongly as the temperature increases (rourhly as T~1/3)j consequently 

dependence of the metal and H^O absorption 

cross sections and free, the -A' dependence of the KjC scattering 

little increase in the total leakage of neutrons m the neutron tamper— 

at uro rises.

(a) The thermal port of the migration area in water is practically 

negligible compared with the fast part, and so the leakage of thermal

system is very probably positive near the optimsaj i.e., as ths neutron 

temperature rises, such a structure becomes more chain reacting.

this respect a water lattice differs from a graphite one, and the reason 

for this difference is two-fold:

This statement is not true, of course, if the water temper

ature rises sufficiently to lower the water density significantly.

(b) Ths leveling effect in a water lattice noar the optimum is

Temperature coefficient in H^Q lattice 
ess 

The neutron temperature coefficient of k in a water moderated



The

month's report <08 incorrect. The correct expression (S. Dancoff) for

the probability that neutron starting anywhere on an infinitely long

Erratin: Transport kernel in cylindrical coordinates

The transport kernel In cylindrical coordinates quoted in last

Vihlle the temperature coefficients probably decrease with 

higher temperatures, they are still sufficiently big to give important 

increases in k as the neutron temperature rises.

»/ effect has been assisted the same for each lattice (- - 6 x 10“5/oC) 

in these estimates.

»

- 28 -

calculations of ths probable values of k were bused on a water dlf- 

However in a mixture

Very rough estimates of the neutron temperature coefficients

in several water lattices follows

fusion length of 2.R5 cmj i.e., the value for room temperature neutrons.

These calculations gave a best k of about 0.97%.

which contains the very largo amounts of metal found in a water lattice, 

the average neutron temperature is probably several hundred fie trees 

higher.

'..'ater rolisae
I et&l voltxno

Consequently the water diffusion length is much longer in a 

lattice, and the leveling effect is appreciable even if the H-gO is at 

room temperature.

per degree neutron temperature 
(at 29J°C)

O
rU

 K
) H
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W
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r* < r

r» > r
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cylindrical surface of radius r* will make a collision on its first, 
flight in a unit volume si—t anywhere on • concentric cylindrical 
surface of radius r is

where the unit of length is the neon free path. This kernel ls«ds, toy 
a simple integration, to the valu— for the fast effect in cylinders 
quoted in CP-6LA.

Effect of y^tmqillan energy distribution on neutron diffusion in a lump 
Kr. Place has continued his investigation of the variation of 

X, the reciprocal diff—ion length, with the radius of the metal 1—p, 
caused by the distribution in velocity of themal neutrons in a pile. 
Last month’s report contained ths variation with radius of a X de
fined as that single diffusion length which gives a fit to the neutron 
density curve at the center and the surface of the lump. Ur. Place has

« J M-*r> io<-<r*> 
i

Table of bindin- enerfieo

Lias Castle has prepared a table which gives the binding 
enargi— for all the known isotopes of the 15 lightest alasMnte. The 
values are based on the nuclear meso— given in the project handbook. 
Thio table, which will bo issued — a report, is convenient for cal
culating the reaction emergiea of reactions involving light nuclei.
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that the actual

031

I*

the variation of another X. defined ao 

the flux riven

oi talned ohcoa ajuare la equal to 

noraallaod LaseeU dietributlon function, 

abject haa been written and will bo dietrlbuted anon.

noe inveoticated

flux into the natal leap riven ty thia

the-----r~ curve. The dopondonoe of thia X cm the radlua la

very alallar to that reported leal ecnth. It la Intereatln- that «ltn 

either definition of Ma In the Halt of aoall radii, the aaam X la
JX^v) r(e) dr, -here l(r) la the

A eoerlote report on the
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FILE 3ES1GK GMDCF

Sale Young

mi obtained th* neutron tensity distribution in a slug «ith thick

The density is higher end more uniform over the -nd of theemr- caja.

slvg tiw It la over a croea-eoetlon sene distance fron the end. The

de, city •^►creaars a* one -«>ves into the Interior fron the slug end.

th* decrease beifj’ r»or* rapid alone the uxi Van alone the surface.

Fe.r cape of 1 os trlcknees he computes * he amrj ’e Modify over the

en> of the slug to be l.)k tires the average over a cross-»»octIon far

T» la increase 1s thought to be rou.«thly »roj>ortlonal tofr« the end.

the thickness o! the cap.

Ur. Selnberr arranged with Lr Anderson for an experiment

tc be made on tils point, and the value for the above ratio obtained

c© lr. Anderson is 1.J7.

This e feet will increase sus>—hat the cap tepsratures

Calculations have not yet been made to see hoe-e«ortcd in GT<u. -SO.

such thia increase may be.

Vr. 11 kina has carried out a rather difficu_t calculation
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Jfarpinr. ar>d Th»rral Stresses

A umber of results on these topics have been assembled in

CI-1698. Fran these results ano can compute, for example, the stresses 

produced fay a long defective strip in the bond, attich nroblan was pro-

posed by Quinn in rUC-TDGE-173. The greatest tensile stress in this

case occurs near ths edge of the defect and is in the longitudinal

For a defect .6 cm wide thia maximum stress is about 6f ofdirection.

the stress existing normally at the surface in the absence of a defect.

Thia calculation la given in C1-17C7.

Ur. lurraj- has raade calculations to determine the shape assumed

by the cross-section of a slug which la heated unsymmetrlcally.

Frost Test

Ur. Launey‘a calculations of the power distribution in a long

core within a long induction coil are given in CI-1692.

Ur. X a rush and Ira. !onk discuss in CP-1671 the temperature

rise of a coating over metal and aluminum cores, under certain sin—

pllfying assumptions. l*r. Karush is now extending the theory to allow

the power production to be any function of tine, and to IncVide a finite

bond resistance to heat flow.

It appears that the standard frost test procedure my not be

suitable for testing unbended slugs, since the heating tf the Jacket may

ex;>and It away from the slug and materially reduce the conductance

Studies of the transfer in unbonded slug’s are being nodebet ween them.

by Er. Krat* by other experimental methods.

3
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amount of aluminum used.

if made much th'-nner.

Thia Ida* of an ineulator made up of a stack of plates was suggested 

Since altsai.aim reacts with the slur metal at hl/fi temper-thia manner.

the slur would jreeuraably be of magneaiua.

raises ,ueationb about the thermal contact and flu* of heat at the

Lateral edges of the discs.

In the sheen ce of difficulties connected with bonding, •

solid insulator such as IgO may again be considered.

remain fundamental uncertainties about the beiiaviour of such substances 

under operating conditions*

icularly through a pile of thin plates nay be considerable without a 

great deal of air being preaeat in the interfaces between plates, and 

to some extent thia makes use of very thin air films as Insulation.

needed thermally, but the gap would be difficult to control mechanically

However, ths res Iatan cs to heat fleeing perpen ci- 

unbonded slugs involves considerable waste of k because of the large 

A design which is superior in this respect 

jnnulating End Cape

The current design (detail 64299) of insulating and cap for

large air volume within the can ia a disadvantage.

the air in a conventional air gap insulator is much greater than ia

la discussed in LUC-4JT-9.

For certain typos of sensitive leak teats (see CT-1599) a

The thickness of

However, there

stares, Kr. Ssllard suggests that at least same of the plntee next to 

This type of insulator 

by Lr. Lyon, ana has been recently revived by Kr« Crevta and J'r. 3allard 

aa a possible way of reducing air volume within the can. lr. Crete is 

making measurements on the thermal resistance of plates stacked up in

IM
N

N
IM

M
M

■
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it would

asms

thooe offOeta rax be thus turned to useful purpose.

outside helium supfly system.

Mr. Lyon has set un squi went and nailed ease prelim inary 

experience with .he behaviour of «drso, words, and ssliars in an 

the situation is otUl nooh as

pressure beliur into the cartridge.

The activity of products roeoil inr into

Ths system *iiwh puts a nuriber of slu0s in ano lone Jacket 

• foara to too rainlny favor, and nay receive rreater mephaaia.

I roeent preference is for an arrangement tdtich f Ute high 

but is free of connection* to any

annular stream. Actually, bceovsr, 

outlined in the umthly report 0T-1JM9, enoept that it la nos know 

that emslllnr key no so Tar as to break the graphite* ’ r. iorriaon 

tnisAs that fj of the ougyootlaM listed in ths above report may actually 

ba used, nanely to push the alamo tack and forth occasional ly. la 

I ’lCUS'C^lOa, I’r. Cooper points ant that the hotter metal of the slug 

*»i airht play thn role af the eater sensitive substance of sugrewtien 

fi, and by its reaction encourage the release of activity intc the 

water stream, *T. Onlingsr adds that it night also function as the 

swelling substance of M, and give a signal toy expanding ths row of 

slues imrthwiss. thoufd« it W be di f fl cult to disentangle this small 

notion from the larger thermal ejransion. Slnee the effects of eater 

reaching the slue end have to bo reckoned with in any case,

desirable to undertxke heated earerimenta to see to *»at extant 
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A table
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Asms natalcylinder* and the

Oj?

Calcuu. Aiceis for k, the •. ultiplication factor, and for y > 

■ of noArae** produced par thermal neutron absorbed in 

been made for seven recant exponential piles by

Ths lattice* involved are the "old" Hanford lattice, 

and the current Hanford Lattice.

the k situation at Han-

pocd tost of csmsy

Ja all the piles in question

lattice spacing. ms either •• or t-j/B".

jtnphlta metal ratio remains 1 vary nearljrwas weed thro*Hg»*n«t and tne

are taken

ehciee of t he co to tent s Involved.

experiments in »wetion pirns a value of

Thr donation comae eratifylaely small but th. piles in qosoti<« wars

<11 very slnilar and so the result, for ? do not really furrii.h a 

of the points involved in Lattice theory -

the natal «a* in the fort of

t o Hanford JO5 lattice.

The b-v.rl.wi of the experiment. on

f.M h» al read been discussed by ». .oinbere no epocial tent ion 

is directed here only to the caleulatione for the quantities enterine 

into k and the »trnificaneo of the computed valves of T. 

descrltelnd the piles and ehouine <■»*• result, is attached.

The structure of the lattice doos not affect • in any 

oey. Therefore xhon nearly equal values of this quantity are found 

by calculatlome <aaed on different exponent UJ experiments the results 

to indicate reliable asthode of calculation and s rood

The fipures found for ths seven 

equal to 1.J15 - ,<XX.

-
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th* Mm*. The chief difference between pile* was the introduction of

aluminum or aluminum and water, two of the eerie* haring been planned

to measure Just the effect of the addition of theae materials. The

coi>st .ncy of In this group of experiment* show* therefore only

that the methods of calculation taka the aluminum tubes and the cool

ing water into account pretty well. There does seem to be a slight

consistent drop in

tween *45 and ft7. These last two Mies differ in water and also in

graphite, and give very nearly the same

*9*

'■■■  —    - ■ " -------------------- ..

•Thi* euggwet* that the tiydrogen to uranium absorption cross eectlcm 
ratio of .Q415$«*ed on e 0.295 and TJJ a 7.1) is too lorn.

y between #39 and #40 and between A. 5 and #46. 

iach of the lattsr of these pair* differ from th* former only by the 

addition of water.• However there la practically no difference be-

, but this mi <it mean that 

the diffusion length of Kendall used in th* calculations is too snail.

i I
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1 * n - 1

ar.u

t-lM S

Mors

should be reported soon.

—In order to approx Ina la ths

? •

thereal diffusion and Look for

and the reproduction

equation is

Z Cl - l/^1)(1 - L.21»2) « k

Is ths

A-S expected.

898 042 .

■Laplacian'.

There Is only one negative real root

1 
T"v

n - 1
M. 2 

n - 1

Lp is the fast diffusion length, “f the ago the Gaussian, 

therwl diffusi *» length, k the reproduction factor and 2

the denoaOnator of the ictagrani beeowes

monthly report).

going pile we add a description of the 

the characteristic equation connecting the diffusion lengths, the ago, 

constant with the -Laplacian- of the pile Thia

The Chrl sty-Kemel (Friednan) 

slowing down distribution, for exaeple in water, the convolution of an 

exponential and a Qauaalan, a eonochrweatic diffusion with a Feral 

nas been used by Christy and others (of. delnberg’e 

description Ln the theory of a

I ow 
details of the tranoition free n group to Feral theory have 

been developed and the characterist ice of a group theories la general

type slowing down,

In order to use the
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its value for It — 1 <. <■ 1 is (1 — <)/>•*■ 4*1*

2

»

In tbs above p is the resonance escape

k the

2 k - 1
«

with
1

«98 C43

-
*%* * [x -

«[k - (i-») rj

reproduction constant.

Shen k - 1 < < 1 •• write

.->*/ **f2

on the two group theory

e-2,

«2 - L.2 e L? ♦ T .

Pile Theory with Resonance Fission (aeir.berg and Frledr.sn)

K 2 t

The discovery of a strong resonance in U9 at 0.3 edits sakes it worth

while to investigate the laplacian- of a region in which resonance 

fission is supposed to occur Just above thermal energy. This has been 

done both on the two—group theory (exponential slowing down) and on the 

Fem theory (Gaussian slowing). The negative -Laplacians- are
.«/ [1 - <1 - p) f

2, the positive real root of

(l-p)f ge"^7*^]

or. the basis of Feral's theory.

Z probability, fR the nuaber of neutrons produced per resonance capture, 

tf tbs reciprocal of tbs thcraal iiffusion length, X^. the reciprocal 

of tbs fast diffusion length or of the square root of the age.



for th« two group and this applies also in be.-al's theory
r

It must be remembered that k is changed by the resonance fission 
effect when ko is the k assuming p - 1

Effects of Resonance Capture in Piles (-llliamson and Friedman),—
A change in the weount of resonance capture in a reproducing region changes

ths
The

the diffusion area in the
in the resonance region,slowing down precess above the resonance region.

Of these three

e

when p is near 1,
directly as p.

a three group theory is the natural theory to apply to calculations
For this reason, we have computed the "Laplacians"of resonance effects.

for various k's and p*s using the three group theory.
The "Laplacian" determines the size of a pile without a re

Aber. reflectors are used the other two roots of the charac-fl actor.
teristic equation of the region (see report CP-157L) are needed to

These roots have also beendescribe the effect of the reflectors.
studied and will be used in computations to determine the resonance

S9S O44

escape probability.
taneously as in the addition of more metal.)

and during the thermal diffusion in the thermal region
contributions to M2 only L2m is changed by a change in p, the resonance

(Of course other constants may be changed simul-
L2. varies

the "Laplacian" of the region not only through its effect on k, 
reproduction factor, but also by changing the migration area M2.

2 2 2migration area is the sum of L y, L a and L ,

k ■ pko ♦ (1 - p)Va

The division into above, in, and below resonance suggests that
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•scape bonus, the additional saving effected in the pile else by the 
use of reflectors arising fron the possibility that neutrons nay escape 
resonance capture by entering the reflector above the resonance region 
and returning to the pile beneath it.

For the special case of k - 1 « 1, the formula for the 
"Laplacian" is always

1 -
2

the nuriber of fast neutrons

The detailed results of the three group theory will be reported 
soon.

Extrapolation distance in
a water Lattice (Qinsburg, Cahn an- Frle<kaan) ,—when k - 1 <<1 the two 
group and three group theories of piles with reflectors give simple 
forsa for the effective sise of piles and for the neutron distributions 
near the pile boundaries (see CP-15% and CP-1 £71*).

The to group theory has b-en applied to these problews for
the water lattice experiments at X The effect of different diffusion
constants inside the pile and in the reflector Is not as yet considered.
The three group theory is also under *ay The r»—eliminary results of
the two group theory for the increase in the sise of the pile size are:

89& 0^5

1.1*6
1 6b

17.9 cs
17.1 cs

Addition to the length 
of each side

Call radius
raJius

L2 PL2, 
p = 1

where f « thermal utilisation and = 
per thermal neutron captured in uranium.
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Mr. keinberg has kindly supplied we the

are considered nonoensrgetic.

The protian

in the case of isotropic scattering.t

5
cos • = the average cosine of ths

posaibilityi the result was also found by Mark using the Hopf-wiener

wetbod

896 ©St,

tberaal utilisation and resonance escape constants tawed

■Merging froa the plane surface at x » O Is the sane, and the neutron 

density is related to the density in the isotropic case by the f omuls

--_ xSTB ~

Placsak and his collaborators by ths Mopf-iiener aethod 

bee ewes sore coaplex as the scatterIng of a neutron in a single col

lision departs froa Isotropy. For slight anisotropy, ho wo war, that la 

when the probability of scattering through a given angle la linear in 

the eosine of that at«le, the solution la sinply related to ths solation

The angular distribution of neutrons

** ■ the density, j - the current, 

eagle of scattering in one collision (positive for forward anisotropy), 

Nd Aw the free path.

so are indebted to Professor Placsek for pointing out thia

On the Meutron Distribution in Media with anisotropic Scat- 

tarlr^ (Frliflaan). ae investigated the neutron distribution in a 

systen in which a scattering but non-absorbing eediun fills the space 

frou x = - *v to D and the space frow x • O to «• la Mpty. The neutrons

This problca has been di*cussed by

■ $ + 3J
isotropic
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Oeod to anotlar di st ri lotion of neutronsfore is known.

Ivon In tares of sellhowever, bo

Th* exact eolSticn fire nurwrically byoom elanent ~ur> functions.

Throe port ieul ir.y staple approxla-Plaeae (TT-6) esrees for euaparison.

ations are
1 CD

31 T

-M5793/’ A»(l f- J (2)1

(3)

is the cosine of tbs anxle between the outward norcal of thewhere

thssurface and the direction of the it eg ant neutron and

The density

at the surface »

(see Place*-*.

(1) rjol (3) glee thia answer exactly, while (2) foliaand Seidel, »*T-5).

by only 1 in 5COOG.

The first of those approxtaxtiena, F«nJ»,hu e caxlr.w error

of ?S, the second 0_2X, and ths last .06$.

Those apprattaatlone are useful, for exwarle, in Albedo theory.

Details of the work will be reported later.

6^6

■END

I

1.05847) ^ntl f

erwri^inr free the plane surface nay.

number of neutron* at the surface with diroctiun in d^.

. ^/T i* noreallsod to 1.

The current at the surface is the rirorously

and
f(/r) - -1_ p t 1.31926^ 4 .412788/0 (yo *

« -Ah 
2

r<A)«


