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New Unit .... 

Exper~ments in connection with the new unit play an increasing role in the 

work ot the groupo The apparatus for the study of photo-n~utrons in P-9 is nearing 

completion (Bernstein) <:I.Ild so is' t.he ,appa.ratus to ll...ea,sure the actual energies of 

"frays, of short half life froni fission (Rose, Burgy).. These experiments ',~ill 

give information of the contribution,of the photo-neutron effect in P-9 <to ~he 

delayed neutrons inlportant for the control of the unito 

: T:,e problem of turbulent fluctuations in reactivity is investigated both 

experimentally t:tnd theoreticallyo A small circulating system has been built to 

stuc1yfirstly the fluctuations, of the flow in a sLraight pipeo A larger pWl!p 

for· a scale model· of Lhe new unit has been ordered (Saxon, Snell')o Mr. Murray 

has developed theoretical formulas that connect temperat.ure and reactivity, 

fluctuations with observed velocity fluctuations o 

The thermalutiliza tion for production in the t,horiwn rods has been studied 

experimentally by Jones and theoretically by G. Nordheim und ao Scnlettaro 

A very im,:Jortant intermediate step in the development of the new unit will 

consi~t in critical experiments on homogeneous solutions of 25.1n P-9o Preparations 

for these experiments, which should give experi«.ental data on cr'itical sizes, 

temperature and concentrati.)n coefficients and efi'ectiveness of control systems, 

are being .made.. It is hoped that the experiments can be set up in the next i,eriod 

and'that they will lead ultimatelY to a critical Unit that can be used as a pre-

cision instrument for danger measurementso 

Further theoretical studies have. been n:ade on .he etf1ciency or reflectors 

ot various nature and geometry and of their influence on the temperature coefficientso 

, ' 
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General Physics Research 

The principal research activities of the Divisi:.m, apart· troll. work on the 

new unit, can be swmarized as follows: 

In Section It ( Snell) the criticality of V8S3elS occupied still a predondnunt 

position, and it might be continued under a sou.ev;hat different set upo A report on 

the present phase in is preparation., The availa.bility of a particularlj' strong gamma 

ray source gave the opportunity to measure ,the ';'ngular distribution of ph9to-neutrons 

from det;.terium produced by 2 .. 3 mev rrays,; The mea.surementsindicated a predom­

inantly isotropic distribution with <:.m excess of aoout 10-1.5% in the direction 

perpendicular to the .~rayso This result is in sharp contradiction to early 

,published data by Von Halben but it agrees much better with theoretical expecta.tion. 

The C
14 

tactory has been operated steadilyo Tne tJresent yield is about 6.5 micro-

curies per megawatt day" Several de.ta.ils of the process are under investigation 

in order to improve the yield and in view o~ the development of future factories. 

Section II (Wollan) cor.tinued active work on the pile modulator. A new 

reciprocator giving a swing of about 30 inches has been installed, ~hich increa.ses 

the sensitivity .;.y at least a factor 20 The linearity ot the instrument . proved 

to be satisfactoryo A n:easurement on Pd gave an absorptiun cross section of about 

6 barns' in essential agreement with pl·evious·data .. This result shows, however, that 

the previously used catalyst must contain absorbing impurities. 'f:.e investigation 

of delayed neutron energies has been essentially completed.. It (~s been possible 

to obtain ·average energies for "he various periods. These energies"-;'ary frOlL 

group to group, however not in a. systell.tatic manner. The delayed neutron energies 

are ffiUch smaller than the energies of the prompt neutrons" Further work has been 
o 

done on the crystal spectrometer and the 180 f1ray spectrometer., 

~ 
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A fl'.OSt. interesting result has been obtained by Section IV (Borst) in their 

fissionability studies. It appears that'1'a2.3.3 is therrno-I.'issionable viith a cros~ 

section of vrder of 50 barns.Th.i.s res'ult is quite.mext>ec;ted since 1'a2Jl ha" a 

threshold for fission of 400 ltv, but should be xwre easily fissionable,1.,.;eording 

to the BohJ-Wheeler theory. Further experiments with new samples wi~l have to 

'be made in order to pro" e definitely the new effect. The study of the dependence 

of the fission cross section of 25 with energy by the neutron spectrometer'has 

been started'o A n~w fission cha.mber has been constructed containiIlg a thin l~er 

of U30s oriented at, a glancing angle -co the incident beamo Further work has been 

done on a process to separate chemicallY 1135 which decays into X.35, in order to 

obtain samples for the neutron spectrometer, 'and also on the deuteriwr. rray 

spectrometer. 

The final rep",rt on the water lattice experiments has been CO.ilLill.eted by 

Ao l.i. Weinberg and H. Jones cont.ain:tng a critical evaluation of t.he extenail/e 

series of measurements made dUl'ing the last year. A uranium water lattice shows 

a k in slight excess of 'one a~ elev~tect temperatures, and it would appear that a 

p~actical pile could be built with very slightly enriChed materiulo 

Dr. H. Vi. Koch fron~ the University of Illinois joined the ?h'ysj,cs Division 

'this .t:.onth, while Drs. H. Jones and L. ?a.rdue will leave the group by October 1. 

~ 
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P~81c8 Section I 

A~ Hg Snel10 Section Chief 
Ho Jon8so Associate Section Chief 

Total technieal pe1"sonne1(includlng supe"! sion). C HOG." • 10 (this period) 
I 

" 
Problem Percentage of Section 
.Assignment Manpower 
»umber Subject Status Report Pero lext Pero 

,pn=7 14 Active 15 20 C Product:Lon 
px6-4 leutron Temperature in Pile Inactive .0 5 
PX8-1 Gamma Ray Spectra Inactive 0 0 
P18-2 Photo-lleutron . Sources Active 15 15 
PXIO ... 2 water Lattices AcUve 15 0 
pno...4 Be 10 lucUve 0 O· 
pno ... 6 Fast .~tron Yields Inactive 0 0 
pn4..1· Crlt1ca11t7 of Veslels Active 25 20 
163-X39P Service Flux Measurements AcUve 5 10· 
PX5-14 Lattice Layer Active 10 . 10 
PD-4 Mean Gamma Energv per Beta Active 15 5 '( PX5-15 Controls AcUve 10 ~ -

Total 100 100 

., 
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PXl-l - C Productlon - (lorris D Meiners) 

'lh. factor,. I'an IItead117 during the past month" A repeU Uon of the 

11eld determination was carried outo in which the ,microbalance vae used for 

welgbing the small samples for beta-counting instead of the ana1,.tical balance 

used p~ev1ous17~ The resulting 11eld figure is 65 microcuries per megawatt 
, . 

da70 replacing the old figure of 1000 !his 11e14 ie lower than 18 to be ex-

pected from the nux and cross-section datao and emphasizes the importance 

14 . 14 
of looking for C in the lolution¢ Badiation harder than the C betas is 

emitted by our lampleso and work is under V$J to Bee whether th18 is due to 
. 14 

impurities or whether ther.e are low energJ gammas associated with the C 

decay 0 One of the quarts. tubes containing solld calcium nltrateo which was 

irradiated Bome months agOg was opened in a system connected to a manometer 

to Bee 1f the calcium nitrate had decomposed under radlat1on·to yield gaseous 

products 0 !he gaa evolution vas too small to be observed in the apparatus 
. 

'used., !hie obaervation i8 of interest in consideration of manufacture of 

C14 in canned slugsc We have 1804 millicuries of C14 on bandl) pluB 12 un-

assayed samples 9 containlng an estimated 5 ml111eurieso 10 8 m11l1curies 

were 8h1p~ed to Chicago during the last month" 

PXl4-1 - Criticality of Vessels"" (Meinerso Rnsh p Snell) 

A Beac~iuss pump has been put in operation for evacuating the hex 

lampllng eyatemQThe writing of a report on this work 1s well advancedo 1n­

eluding the preparation of flgure80 Corrections have been determined for 
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the absorption of neutrons In-the walla of the pipes in which the readings 

were taken.:. When a couple of sPlples are successfully withdraw from the 

ves.el~ this phase of this problem will be considered finishedQ 

pm ... ? "'" Photo-Jeutron Sources - fBarker,) Sternbergf) Snell ll et all 

The availability ofa lOOO=curie lanthanum soureef) kindly placed at 

our disposal by the Bealth-Ph7sicsSectlon. gave U8 an opportunit7 to measure 

the AngQlar distribution of photo-neutrons emitted from deuterium b7 the 

2e3 mev gamma raYa The low intenalty of this gemma makes a powerful lanthanum 

source necessaryo The measurements were not very accurateubut they lndicated , 

a predominantly isotropio distr1butlono with an excess of only lO-l5~ at an 

angle of 900 to the directIon of the gamma rayso 14ke our results with Va and 

Gao. thi. is in sharp contradlction to early results off., Balbo., 

pX8...4 ... lIean Gamma Energy per' :Beta 

Apparatus Is nearly eo~lete p but m.easuremen ts -7 have to be deferred 

because of lack of manpower., 

PX5=15 = Turbulence Stud1eB-(S~on) 

A small circulating Bystem has been built" and photographing will 

start Boon on flow in a straight pipe at moderate Reynolds numberBo This 

will oerve to check theo!'7ll and will give experience in the technique8 in- . 

volved" It. large~ pump has been ordered to drive a model of ~he homogeneous 

reactor., 

<' 
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163-X32 "" Service Flu Measurements - (Arnette) 

Recently two checka have been obtained tor the nv value at the center 

of the pneumatic tube of the pile while operating at 4000 XW., A value of 

60 11 =2 ... 1 . 
5.. x 10 n em sec vas obtained with au wires placed in the pn~umatlc 

11 -2 -1 
tubeo A valueo! ;045 x 10 n em aee wae found with Ag vireo theBe 

t 1 . 11 ~2 -1 
wo va ue8 check the value of ;055 x 10 n em sec found with manganeae 

in connection with problem aB~lgnment TX6=12o 

PX5=14- Neutron !ranemlssion through a Lattlce Layer ~ (Jones& Arnette) 

All measurements have been completed and calculations are being.made 

by ~ Sca1ettar (see thiaproblem assignment under Sectlon 11)0 

px6-4 ~ Beutron.Te!perature in Plle 

lfe work has b •• n done on this problem dUring this period. 

PXlo.2 - Water Lattices"" (Jenea o Branch) 

J'1na1 report will be issued within a veek: (CP-2842)., 

( 
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Physics Section II 

A 0 l:. t,~;einberg, Section, Chief 

Total Technical Personnel (including supervision)ooooooooooooooooo8(tt:is period) 

Turbulent fluctuations in hOIf,ogeneous pile 

Mr" 1Lurray has cont.inued his calculations on Lhe 'eff~ct of turbulence on pUe 

activit yo The temperature fluctuations caused by turbulence in the enriched pile 

cause fluctuations in reactivitYll nnd consequently, in power., If the reactivity 

fluctuations ( At) ett are small, the power fluctuations w1'11 be 

I< ~(6P,\2_ 1 ~ 
'i~~ =- ~ ~\=:t) eff 

wnere PiS the effective fraction of fissi:.m neutrons which are delayed" ~t an . 

output of 10 K·~~.lli, and a temperature coefficient of 1 x 10-3 / °e, till::! root mean 

square reactivity change due to turbulence is estimated to be about ,,001 0 This 

is'based on a mixing length equal to 1/5 of the pile r~dius, and an average tur-' 

bulentvelocity equal to the mean flow velocity., Since the delayed neutrons con= 

tribute about ~% to the reactivity the power fluctuations from ti:is cause will 

be of the order of 20%0 

Expe:timents to n,easure the mixing length and the turbulent velocity, quantities 

whi,ch are very difficult to estimate accurately, are being planned by Mro Snell and 

Mr" Sax.mo 

Water lattice as a reflector 

MrQ Cashwell has made calculations ~n the effectiveness of an ordinary water-

uranium lattice as a reflector around an enriched homogeneous P-9 macpine" He 

finds that a 20 em thick water lattice in which I:. = 0097 saves about 20 em in the 
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critical radius of the pil~. The effectiveness of the water lattice reflector 

is largely due to the small·diffusion coefficient in the water con.pared to that 

in the pile proper. 

Reflector temperature coefficients 

The reflector te!~erature coefficient of the enriched pile has! been calculated 

by .Mr" Cashwell.. He finds that a given increase in the ten;.perature of the P-9 

reflector haD only,about 1/10 as much effect on reactivity as the same t.ernper, .. ture 
1 

rise of the pile fluid would have" His 'result~ are sumnarized in the fol+owing: 

Reflector temperature rise(OC) 200 -300 20°-400 200 -500 20
0

_600 200 _7Uo 2(P-800 -200 -900 

( LJ. r/I<)eff -00004 -00010 -.0018-.0027 '-.0038 -.0050 .... 0064 

Seherical pile with cllindrical reflector 

Mr. SchwF,:i1nler has calculated, 0.1 first order, one eroup, perturbution t.heory, 

the critical size of a spherical enriched P-9 pile in a cylindrical P-9 reflector. 

He finds that a 05 Cl., radius sphere is critical if surrounded oy a ,cylinder with 

85 'cm radius and 170 em height. This corresponds to a uniform reflector saving 

of 1904 em all around the sphere" 

These calculati~ns were started several months ago when it was believed that 

the reactor tank would be spherical instead of cylindrical .. 

~yrnaloy utilization 

US. Nordheim is continuing her calculations on the utilization of thermal . 

neutrons in various lI\;'rnaloy rod, arrays. A single row of 2 cm radius myrnaloy r~)ds 

spaced'lO em apart and placed in the P-9 reflector 2C cm from the pile tank ~all 
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will absorb 94% of the thermal neutrons leaving the pile. I f the rods a ~'e 1 em.in 

radius the utilization will be 84%~ At present the 2 CUi rods on a. 10 cm pitch are 

favored for the n~w unito 

Analysis' of experiments on utilization in rod arrays" 

Mro Scalettar has analyzed experimental data obtained o¥ ~ro Jones's group 

on the utilization of thermal neutrons ina double row of iron rods imbedded in a 

graphite blocko These experiments were undertaken to check Lhe ca~eulational 

methods used for the znyrnaloy utilization problem" . The comparison between theory 

and experiment follows: 

distance from source 
to Fe 

4507 cm 

40 em 

30 cm 

20 em 

absorbed 'in iron 
tot~1 neutron flux 

Theor-j Expto 

,,2Cf/ 0143 

.,259 ,,180 

037B 0269 

.533 .395 

Expt" /T},eory absorbed in 2nd row 1000 __ 

~b~Qrbed in 1st row 

THeory Expt. 

0069 ,,204 .293 

0,,70 .204 .293 

0.71 .204 .293 

0.74 .204 0293 

The theoretical iron, atiliz::.. tiona wel'e calculated on. the assWl.ption that the rods 

are smeared into a continuous sheet" T'li.is overestimates the iron utilization and 

accounts for the fact that the theoretical iron utilizations are conslstentl~ larger 

than the experimentalo However, the dependence of obs~rved utilization on distance 

from the neutron source is very well predicted by the simple theory; this is evidenced' 

by the near constancy of the ratio experimental utilization/theoretical'utilizat.iono 
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PbJeic8 Sectlon III 

Eo 00 Wollano Section Chief 
Lo Ao Pardue. A!aociate Section Chief 

Total technical personnel (including 8upervis1on)oooooo 9 (thia period) 

Problem Percentage of Section 
A8signment Manpower 

, 'l'umber Subject Status Report Pero Jext Per. 
~ 

Px6.,.l Pile Modulation Active 30 30 
pn().c,5 Energies of DelQ7ed 15 15 

Reutron8 Active 
313-X4lP Beta Ray Spectrometer Active 10 10 
pno..,g Crystal Spectrometer Active 15 15 

Bew Pile Active 10 10 
pn0-1S EneI'D of Gamma Bays from 

Short Life FcPos Active 10 10 ) , 

Unanigned .Act1ve 10 10 -
Totalo .. oooo 100 100 
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Dr" Lo Au Parcmej) who has been. with the Project at Chicago and at 

C11nton Laboratories for the past two yearso 18 return.ing to bis permanent 

posttion al Profel80~ of PhTs1cI at the universl~y of lentuck70 on October 10 

Wo are 80rry that he tin.ds it necessary to leave at th1s timeD but we wish 

him wellln his postwaractiv1tleso 

Dro Bo Wo 'loch Join.ed tbie section dur1ng themontho He 18 on. leave 

from the University of 1111n0180 

pno-~ "'" lIlnerpee of Delaled Neutrons ... (Buru" Willard) 

The inveetigation of delqed neu.trol1 energiee" ue1ng a 1l~drogen=f111ed 

cloud chamber and a pneumatic tubeo bas been eomp1eted~ Prellmlnar,r analysis 

of our data fields enerl7 spectra for the several periods with the tolioving 

mOlt probable and average energlel!l8 

1:'1/2 (lee) 

0,,43 
1052 
4051 

22,,0 

Moat Probable Energy (Mv~ 

0 .. 35 
0 0 12 
0035 
0,,52 

-, 

Average Inerll ~Mv) 

. 0038 
0.,12 
Oo~ 
0,,5S 

The average energise 'are in rea~onable agreement With thol. reported 

by BugruUl o Dabbs and Cohno c,p ... 30940 . This 81181,.818 did not provide us with 

lnfor .... tion on the energielof neutrons 8ssoclated wi th the 55,,6 sec half' . . 

11fe" However!) a more thoroUCh analysis will be carried through., and mal 

enable us to report on the 550 6 sec half 11fe neutronso !his will be given 

in the f1n8l report on this problem wbieh i8 now being proparedo 
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PXlO ... 18 - Short Balt Life Gamma Energies"" (Boseo Burgy) 

MOBt of the apparatus needed for this experiment bas been obtained 

or constructed and absorption measurement. are being madao 

PIl0=8 = Crlltal Spectromete~ - (Petersono Sawyer) 

Work on the totai croBs-section of ir1diUm 1s nearing ~ompletiono 

A second sample of Ir014 loiutiollo more conce~trated than the first t bas 

been used to lnvestigate the regions of low absorption" !his sample!) 11ke 

the firsto has been quantitatively anallzed by Mro Bumeos sectlon of the 

Ohem18t~ Dlv1s1ono A third sample!) havinc a concentration comparable to 

t~t of the firsto bas also been prepared and 1s being used to check the 

peak values again" A f1'nal report on this problem will 800n be 1sBuedo 

PX6=1 = Pila Modulation - (Pardue o Moak!) Strongo Wollen) 

The 11nearltyand sensitivity of the instrument bave been 8stabllshedo 

, 2 
As shown 1n Fige 10 adding absorbers up to 0~o6 em to the sample container 

givel 100d linear performanceo The sensitiVity of the instrument 1s such 

tbat 0 0 005 cm2 can be mealured with about 30~ accuracy relative to the 
• • 

.tandar~ The accuraCl becomes proportionatell better for larger absorberso 

Piece. of Cdo thick enoUCh to be blacko are at present being used as stand­

ards (JigQ 1)0 A preliminary value of 6 barn. has been obtained for PdQ 

Co~e1derable t1me has been consumed in recent daY8 in 1nsta~11ng the new ra= 

ciprooator which given a larger empUtude of oscUlation"""" about 30 1nches" 

Already it appea~s that the s8ns1tlvit7 has been increased by a facto~ of at 

leaat 20 
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PXlO~16 ~ Characteristics of 1188101\ Product and 
= .• Neutron IndUCed Aotlvlties - (Po WQ Levy) 

Condderable ef:fort has been expended to improve the ate-bili ty of the 

o 
Go M" counters in the 180 spectrometer., As a check on a new coincidence ci r=; 

euito preliminary to investigating the gamma spectrum of pa233
c the gemm~ 

spectrum of 51 dB:,. irIdium 1s being investigated by the method of photo~ 

electric emission from a. radiator...., lJ.'he coincidence clrcui t has proved . 

troublesome and still requires improvemento 

?n=ll <= Search for Soft Gammel Emitter = (Po Wo Levy) __ o:o:a:::::a: ~ 

We have received another request for a one curie source of ~ae 

whose energy is in t~ 100 to 200 key regiono From a survey of the literature 

1. . ,,," 114 
t appears that "+0 day In D which stili. ta a gamma of 190 keY f) may prove eat! &= 

fae to17o 
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MOnP=17 
• 

Physics Section IV 

Lo Bo. Borat o Section Chief 
So Bernste1no ,A,ssoc1ate Section Chief 

Total technical personnel (including BUpervi8ion)o.o~~ooo 8 (this period) 

Problem Percentage of Section 
Assignment -Manpower 
!lumber SUbject status Report Per" Next Pero 

PlU0=1 Fiss10nability of 40=10 Inactive 0 0 
pnOc,s Neutron Ddffraction Active .35 2~ 
pnO,;",lO Deute~ium Gamma Ray Spectrom= 

eter Active 15 15 
pno=14 Poisoning Coefficients Inactive 0 0 
PXlO=15 Photoneutrons from Fission Active 25 35. 

,\ 

PXlO=11 Fissionab11ity studies Active ~ ~ 

Totaloooooooo ioo 100 

" 
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-pnO=I = J'iesionab1l1 ty of 40=10 

Inactive 0 

PXl0-8= BeutronDlffractio~ = (Osborne!) Rasbrouck o Ulrich) 

, ~5 ' 
A Btu~ of the fission cr08s=8ectlon of U as a function of 

energ D has been startedc For the purpose of measurement o a special 

fission chamber has been constructed by Mro'Borkowekl ns groupo The active . . , 

surface 1s 1" x 14ft and 1s oriented at a glancing angle ",1 th the beam.. The' 

enriched layer consists of ~O,mg of U30g deposited electrolytically upon a 

platinum 'atrlpo This chamber shoYI adequate eensittvity in the thermal 

region to permit a study of the first aD! perhaps the second resonance in 

uf35 0 Bo data are yet available on this speetrumG 

A chemical process has been developed for the separation of a few 

curies of 11350 This amount after decay to xe135
D should be adequate for 

speotrometer measurements of the thel~ resonance~ After preliminaw,v 

l'UJl8 lu:!.ve been made vi th the shielded apparatuso an attempt vill be made 

to prepare such a oampleo 

PXlO=lO = Deuterium Gamma Ray Spectrometer ~ (Bernstein p Wolfe) 

.The thermal column.on top of the pile 1m now freeo It is being 

adapted for use with the deuterium ion chambero Hole l\Too52 has been abe ... 

doned beeaU8G teGts showed the presence of fast neutrons in the beamo 

Changes in the ion chamber are being made which we hope will reduce eon= ' 

s1derab17 the microphonic d1sturbanesso 
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PXlO=14 = Poison Coefficients 

InactiveQ 

PIlO~15 - Photoneutrons from )1s810]; = (Bern8tein~ Wolfe) 

The apparatus for this experiment 18 nearing completion in the 

shope", M'easurements will be ste.rte~ within the next month., 

PXlO~ll - F188ionability Studies = (YI07d v Dial) 
209 

The thermal ft asion cr08s.=seet10n of 11 has been l1ml ted to 

~302 cr' <. 10 C!III" fhl~ value was, obtained using the photographic track 

~echniqueo 'A specimen of metallic bismuth was pla~ed in contact with the 
11 2 

fission sensitive plate and exposed to a thermal flux of 2 x 10 nlem, Ieee 
12 ' 

for ten 8econda (nvt ~ 2 x 10 )" An area of 0 0 071 em2 was examined without 

Observing a 8ingle fission treeko Additional sUrveys in other parts of the 

plate likewise showed no fiesion traek80 Assuming all fissions occurring 

2 . 
within 1 mg/cm of the surface of the bismuth to record a8 a recognizable 

=30 2 
track~ the cross=sectlon for thermal fission amounts to le£~ tban 10 em 0 

A deposit of pa233 was prepared b7 Mro Bohlmann. group with ~he aa= 

sistance of ~r., Rose of Section P-Illo The deposit had the following e ... 

timated analysi8g . 

Pa233 Oo2~g 

u233 <: 10 ... 4/"g 

'lb,23
2 

.. 01 "" ",1,14-8 
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MOnP-17 

The growth of U233 haa been followd by standard exposu.re end 

eountingp The data (prellmi~ry in eharaete~) indicate a thermal fission 
". 233 . 

eross-sectton at £ero time of, about lO~ that of U . ot',...." 50 barns" In 

the light of the above analysi. this eross-section cannot·be attributed 

to contamination by u233 nor to normal uranlumo It ill" therefore u l,)resumllo1 
~ ! ' 

that pe,
233 must be tbermallytlesionabl8 with a cross-section of 50 '± 30 

barns .. 

The thermal fission of pa233 1s unexpected and cannot be predicted 
231 . 

from the Bohr-Wheeler theory ot tUHd.ono Pa has III t18810n threshold of 

1400 xv and pa233 should 'be fissionable on11 at higher energies" Under the 

condl tiona of the exper1men,t the observed cr08&=>o8ction cannot be accotlnted 

for by faet f18eion .. , 
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