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New Unit

Experiments in connection with the new unit play an increasing role in the
work of the group. The apparatus for the study of pnoto~neutrons in P-9 is nearing
completion (Bernstein) and so is the apparatus to neasure the actual energies of

ir’rays of short half life from fission (Rose, Burgy). These experiments will

‘give information of the contribution of the photo-neutron effect in P=9 ‘to the

delayed neutrons inportant'for the control of the unit,

" T.e problem of turbulent fluctuations in reactivity is inQestigated Sqth
experimentally and theoretically., A small circulating gystem‘has been bﬁilt to
study firstly the fluctuationquf the flow in a eraight pipe. A larger pump-.
for a scule modei\of the new unit has been ordered (Saxon, Snell)., Mr, kurray
has developed bheoretical.formulaa that connect tenperature and reactivity.
fluctuations ﬁith observed velocity fluetuationao

The thermal utiiization for production in the.bhorium rods has been studied
experimentally by Jones And~theoretically by G. Nordheim and R. Scalettar,

A very importan£ iniermediate step in the development of the new unit will
conéigt in critical experiments on homogeneous solutions of 25'ih P=9, Preparati;ns
for these experinents, which should give experimental data on éfitical sizgs,
temperature and concentratian coefficients and effectiveness of Qontroi systems,
are being ma.de° It is hoped that the experiments can be set up in the next period
and 'that they will lead ultimately to a critical ﬁnit that can ve used as a pre-
cision instrument for danger measurements. |

Furtier theoreéical studies have been rade on _he efficiency of reflectors

of various nature and geometry and of their influence on the temperature coefficients,

- L]

!



=/

General Physics Research

The principal research activities of the Division, apart from work on the
new unit, can be swmarized as follows:

In Section I, ( Snell) the criticality of vessels occupied still a predominunt:
position, and it might be céntinued under a someuhatAdiffereAt set up. A report on
the pfesent phase in is preparation, The availability of a particularly strong_ganma'
ray source gave the opportunity to measure the angular distribution of photo-neutrons
from aeptérium produced by 2 3 mev /J/rays° The measurements indicated a predom—
inantly isotropic distribution with un excess of avout 10-15% in the olrectloa
perpencicular to the‘qa’rays, This result is in sharp contradiction to early'

oublished data by Von Halban but it agrces much better with theoretical expectation,

14 . - :
. The C  factory has been operated steadily. Tne present yield is about 65 micro-

curies per megewatt day. Several delails of the process are under investigation

in order}to‘improve the yield and in view of the.development of tuture factories,
Sec£ion II (Wollan) continued active work on the pile modulator., A new

reciprocator giving a swing of about 30 incheé has been installed;‘which increases

the sensitivity vy at least a factor 2, The linéafiﬁy of tﬁe instrument proved

to be satisfactory. A measurement on Pd gave an absorption cross section of about

6 barns in essential agreement with previous: data, This'resuit shows, howeve;, that

the previously used catalyst must contain absorbing impurities, T e investigation

- of delayed neutron energies has been essentially completed. It nas been possible

. . . . . -~
to obtain -average energies for the various periods. These energies vary fron
group to group, however not in a systematic manner. The delayed neutron energies

are much smsller than the energies of the prompt neutrons., Further work has been

- ’ o)
- done on the crystal spectrometer and the 180 fgray spectrometer,
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A nost interesting result h#s becn obtained by Section IV (Borst) in their
fissionavility sfudieaa It appears t;hat’PazB3 is Lhergo*fissioéable with a cros;
section of urder of 50 barns, This rééult is quite .nexpected since P3231 has a
threshold for fission of 400 kv, but should be sore easily fissionable aucording
to the Bohr-Vheeler Lneo#y. Further experiments wiih'new samples wi.l have to
"be made in order to pro.e definitely the new efiect. The study of the dependence
of the fission cross section of 25 with energy by the neutron.spectrometer'ﬁas
been.started} A new fission chanber has been constructed containing a thin layer
of U50, oriented av a glancing angle to the incident beam, Further work has been
done on a process to separate chemically 1135 which decays into XAB in order to
obtain sampies for the neutron spectrometer,iand alsoc on the deuterium i?’ray
spectrometer. |

The final rep.rt on the water lattice experiments has been coméleted by
~As M. Weinberg and H. Jones containing a critical evaluatioﬁ of the extensive
series of measurements made curing the last year., A uranium water lattice shows

a k in slight excess of one at elevuted temperatures, and it would appear that a °

practical pile could be bullt with very slightly enriched material.

Dr. H. W. Koch from.the University of 1llinois joined the rhysics Division

this Lonth, while Drs. H. Jones and L. Pardue will leave the group by (ctober 1,

A



Physics Section I

A. H, Snell, Section Chief
H. Jones, Associate Section Chief

‘Total technical personnel (including superviglon).c....... 10 (this period)

N

Problem _ ‘ Percentage of Section
Aseignment : Manpower
Number. ‘ Subject - Status Report Per. Next Per.
PX1-7 Olu Production : Active 15 20
PX6-4 Beutron Temperature in Pile Inactive .0 5
PX8-1 Gemma Ray Spectra . Inactive = - 0 0
PXg8-2 Photo-Heutron Sources Active 15 15
PX10=2 Water Lettices - Active : 15 .0

- PX10-}% Bel0 | . Inactive 0 0
PX10-6 Fast Neutron Yields ~ Inactive . 0 0
PXIb-1- Criticality of Vessels Active 25 20
163-X39p Service Flux Measuremente Active 5 10.
PX5-14 lattice layer Active 10 10
Pxs-l Mean Gamma Energy per Beta  Active - '5 5
PXs5-15 Controls Active 10 5

' ‘ Total 100 100
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PXl-7 = clh Production - (Norris; Meiners)

- The factory ran steadily during the past month. Aleretit19n of the
yield determination was cerried out, in which the microbalance was used for
weighing the small semples for betaacounting'instead of the anaslytical balance
used previously. The resulting yleld fiéure is 65 microcuries per megawatt
dey, replacing the old figuré of 100, This yield 1s lower then is to be ex-
pected from.the flux and cross-section data, and emphasizes the importance
of looking for clhvin the solution, BRadiation harder then the clh betas 1§
eﬁitted!by our sample;D and work is under way to see wh?ther this is due to
impurities or whether there are low energy gammas associéte@ with the clh

decay. One of the guartgz tubes containing solid calcium nitrate, which was

irradiated some months ago, was opened in a system connected to a manometer

to see if the calcium nitrate had decomposed under radiation to yield gaseous

producte. The gas svolution was too small to be observed in the apparatus

* used, This observation is of interest in consideration of manuficture of

14 14

in canned slugs. We have 18,4 millicuries of C* on hand, plus 12 un-

asspyed samples, containing an estimated 5 millicuries. 1.8 millicuries

were ship§ed to Chicago during the last hontho

PXil.] - Criticality of Vessels - (Meiners, Rush, Snell)

A Beach-Russ pump has been put in opération for evacuating the hex
sampling systen. ‘The writing of a report on this work is well advanced, in-
cluding the preparation of figures. Corrections have been determined for



=T~ —

the absorption of neutrons in the walls of the pipes in which the readings
were taken. When a couple of semples are successfully withdrawn from the

vessel, this phase of this problem will be considered finished.

PX8-2 — Photo-Heutron Sources - (Barker, Sternberg, Snell, et al)

The availability of a 1000-curie lanthanum source, kindly placed at
our disposal by the Healthé?hysics‘Section, gave us an opportunity to measure
the angular distridbution of photo-neutrons emitted from deutqrium by the
2.3 mev gamma ray. The low intensity of this gamma mekes & powerful lanthanum
source necessary. The measurements were not very accurate, but they 1gdicated
a predoﬁinantly isotropic distridbution, with_éﬁ exéese'of onlj 10-15% at én
angle of 90° to ghe direction of th; gamma rays. ILike our resulte with ¥a and

Gan,this‘is in sharp contradiction to early results of V. Halban.

PXB-U4 - Mean Gamma Energy per Beta

Apparatus is nearly complete, but measurements may haig to be deferred

because of lack of manpower.

PX5-15 - Purbulence Studies=($a;on)

A small ciiculating system has been built, and phogographing 9111
start soon on flow in a st;aight pipe ;t moderate Reynolds numbers. This
will serve to check theory, and will give oxperignce in the techniques in-
volved. A larger pump has been ordered to drive a model of the homogeneous

reactor.



P~ Service Flux Measurements - {Arnette)

Recently two checks have been obtained for the nv value at fhe center

of the pneumatic tube of the pile while operating at 4OOO KW. A value'of‘

11 - -’ . .
. 5.60 x 107" n cm 2 sec 1 wag obteined with Cu wires placed in the pneumatic

11 -2 5 |
tube. A valus of 5.45 x 10 nem eec was found with Ag wire. These
two values check the value of Hh.55 x 1011 n cmﬂa sec=1 found with manganese

in connection with problem assignment TXb-12.

PX5-14 - Neutron Transmission through a Lattice layer - (Jones, Arnette)

" All measurements have been completed and calculations are being made

by R, Scalettar (see this problem assignment under Section 11). -

PX6-4 - Neutron Temperature in Pile

Wo work has been done on this probldm during this period.

PX10-2 - Water lattices - (Jomes, Branch):

Final report will be issued within a week (CP-2842).



Physics Section 1I
A. K. Weinberg, Section Chief

'

Total Technical Personnel (including supervision)osoccsoccoosnoessscco8{this period) '

Turbulent fluctuations in homogeneous pile

\

'Mro kurray has continued his calculations on the effect of turbulence on pile
“activity. The temperature fluctuations caused by turoulence in the emriched pile

cause fluctuations in reactivity, and consequently, in power, If the reactivity

fluctuations ( £&£D eff are small, the power fluctuations will be

- \B (_Aﬁ_ﬁ zeff

o4 ] ) . I3 » 3 . ) L - ‘
wiiere ﬁi?ls the effective fraction of fission neutrons which are delayed. at an

output of 10 Kw/li, and a temperature coefficient of l.x 10-3 / °C, the root mean
" square reactivity chaﬁgé due to turbulence is estimated to be about .00l. This
is based on a mixing length equal to 1/5 of the pile radius, and ;n average tur-’
bulént«velocity equnl_to the mean flow velocity9 Since the delayed neutrons cone
tribute about s% to the reactivity tﬁe power flﬁctuations from tiis cause will
'be of the order of 20%.

Experiments to mcasure the mixing length and the turbulent velocity, quantities
which are very difficult to eétimate accurétély, are being planned by Mr., Snell and

¥r. Saxon.

Water lattice as a reflector

¥r. Cashwell has made calculations on the effectiveness of an ordinary water-
uranium lattice as a reflector around an enriched homogeneous P-9 machine. He

finds that a 20 cm thick water lattics in which 1? = 0,97 saves about 20 cm in the

'
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critical radius of the pile. The effectiveness of the water lattice reflector
is largely due to the small diffusion coafficient in'the‘water conpared to that

in the piie proper.,

Reflector temperature coefficients'

The reflector tewperature coefficient of the enriched pile has' been calculated
by Mi. Cashwell. He finds that a given increase in the temperature of the P-9
reflector has only about l/lO as much effect on reactivity as the same tempersture

'rise of the pile fluid would have. His results are summdrized in the following:

o » | o | ,
Reflector temperature rise(°C) 20°-3° 20 -40° 20°-50° 2o°-6o° 20°-70° zo°,-so°-2o°-9o°

(A,&/K)eff -.0004 =.,0010 =-.0018 -.0027° -,‘9038 =.0050 =,0064

Spherical pile with cylindrical reflector 0

Mr. Schweinler has calculated, o, first order, one group, perturbution cheory,
the critical size of a spherical enriched P-9 pile in a cylindrical P-9 reflector.

He finds that a 65 cu radius sphere is critical if surrounded by a cylinder with

85 cm radius and 170 cm height. This corresponds to a uniform reflector saving
of 19.4 cm all around the sphere.

These calculations were started seversl months ago when it was believed that

the reactor tank would be spherical instead of cylindrical,

~ Myrnaloy ﬁtilization

Ars. Nordheim is continuing her calculations on the utilization of therms] .
neutrons in various myrnaloy rod arrays. A single row of 2 cm radius myrnaloy rods

spaced 10 cm apart and placed in the P-9 reflector 2C cm froum the pile tank wall
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will absorb 94% of the thermal neutrons lea'»ving. the pile. If the rods a:e 1 cm in
radius the utilization will be 84%. At present the 2 cm rods on a 10 cm pitch are

favored for the new unit,

Analysis of experiments on utilization in rod arrays.

-

¥r. Scalettar has analyzed experi&ental dat# obtained oy kr. Jonesfs group
on the utilization of ﬁharmal neutrons in a double row of iron rods imbedded in a
graphite block. These experimenté weré'undértaken to check the caiculational
methods used for the myinaloy utilization problem. . The comparison between theory

and experiment follows:

distance from source wmwmiAnm . BMJWWU aww&dﬁZMrwr
to Fe totsl neutron flux absgrbed in lst row
Theofy' . BExpt. | : - T:eory - Bxpt.
45,7 cm 207 L143 0.69 . 204 .293
40 cm .59 .180 = 0,70 . 204 2293
30 cm 378 2269 0.71 .20k 0293
20 com 533 395 0.74 204 .293

The theoretical iron utilizations were calculated on the éssumpiion that the rods
are smeared into a continuous sheet., Tuis overesﬁimates the iron utilization and
accounts for the fact that the theoretical iron utilizations afe conslstentl& larger
than the experi{nental° prevér, the dependence of observed utilization on distagce
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 utilization,



Physics Section III -

B. 0. Wollan, Section Chief
L, A. Pardue, Assoclate Section Chief

Potal technical personnel (including eupervision)...... 9 (this period)

Problem ' Percentage of Section
Assignment. o Manpower
"'Bumbeyr Subject o Status Report Per, Hext Per.
PX6-1 Pile Modulation Active 30 30
PX10=5 Energies of Delayed 15 15
Feutrons Active ' _
313-X41P  Beta Ray Spectrometer Active 10 10
PX10-8 Crystal Spectrometer hctive 15 15
o New Pile Active 10 10
PX10-18 Energy of Gamma Rays from _ S !
Short Life F.P's ' Active 10 10 .
Unagsigned Active 10 10

Totaloococo - 200 300



r. L. A. Pardue, who has been with the Project atIChicago and at
Clinton Leboratories for the past two years, is returning to his permanent
position as Profeesor of Physics at the Universi%y of Kentucky, on October 1.

We arse éorry that he finds it necessary to leave at this time, dut we wish

him well in his postwar act1v1t1es° ‘ » o

N
[

Dr. H, W. Eoch joined this section during the month, He 1s on leave

from the University of Illinois.

PX10=5 - Enérg;es of Delayed Weutrons - (Burgy, Willard)

The 1nvest1gattod of delayed #eutron ene:gies? using a hydrogen-filled
eloud chamber and a pneumatie tube, has basen completed. Preliminary an&lysi§
of our data yields energy spectra for the several periods with the following

mnosé ?robable and average energles: -

¢ N

’EEZE (eec)  Most Probable Energy (Mv) Average Energy (Mv)

0.43 0.35 1 0.38
1.52 ‘ ’ 0.72 : 0.72
hosl b 0035 " 06’;‘0
22,0 0.52 | 0,58

The average energies are in reasonable agreement with those reported
by Ehghes; Dabbs and Cohn, CP-3094, " Thie analysis did not pro§ida us with
informat;on on the energies of neutrons associated with the'5536 gec haif -
life. Bowever, & more tho:ough aﬁalyeia will be carried through, and may
enable us to report on the 55.6 sec half 1ife neutrons, This will be given»

in the final report on thie problem which is now being proparsd.
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PX10-18 - Short Half Iife Gamme Energies - (Rose, Burgy)

Most of the apperatus needed for this experiment has been obtained

or constructed and absorption measurements ére being mads.

PX10-8 - Crystal Spectrometer - (Peterson, Sawyer)

Work on.the total cross-section of iridium is nearing completion. |
A second sample of IrClu solution, more concentrated than the first, hag
been used to investigate the regions of low absorption. This sample, like
the first, has been qﬁnn%itattvely anaslyzed by Mr., Bume’s section of the
chemisiry‘nivisiono 4 third sample, having a concentration comparable to
that of the first, has also been prepafed and is being used to check the

peak velues again., A final report on thie problem will soon be issued,

. PX6-1 - Pile Modulation - (Pardue, Moak, Strong, Wollan)
The linearity and sensitivity of the instrument have been established.
As-shOwn in Flig. 1, adding absorbers up %o 0.06 eﬁe.to the sample container
gives good linear ﬁerformance° The sensitivity of the instrument is such
that 0,005 em2 can be measured with about 32? accuracy relative to the
standard. "The accuracy beconmes pfopdrtionately better for larger absorbers.
P;eces of Cd, thick enough to be black, are &t present beiﬁg used as stend-
ards (Fig., 1). A preliminary value of 6 barns has been obtained for Pd.
Considerable time has been cpnsnmed in recent daya.in installing the now re-
eiprocator which gives a larger amplitude of osci}lation‘¢= about 30 inches,
Already it appears that the sensitivity has been increased by a factor of at

least 2.

v

| _
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PX10-16 - Characteristics of Fission Product and
Heutron Induced Activities - (P. W. Levy)

Considerable affort has been expended to improve the stabllity of the
G. M. counters in the 180° spectrometer. As & check on & new coincidénce cir-

cuit, preliminary to investigating the gamms spectrum of P3233

» the gemma
gpectrum of 57 day irldium is being investigated by the method of photo-
electric emission from a radiator. The coincidence circuit has provsd

troublesoms and still requires jmprovement.

PX1-11 - Search for Soft Gamma Emitter = (P, W. Levy)
We hgve recelved enother request for & ons curie source of gammae
whose energy is in the 100 to 200 kev reglon. F?oq a survey of the literature

. 114
it appears that 48 day In" which emits a gamma of 190 kev, may prove satis-

factory.
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Physics Section IV

L. B, Borst, Section Chief
.5, Bernstein, 4ssoclate Section Chief

Total technical personnel (including supervision)c.cc..so 8 (this period)

Problem ' Percentage of Section

. Assignment i ‘Manpower :
Humber . _ Subject -~ Statue Beport Per. Hext Per,
PX20-7 Fissionability of 40-10 Inactive o 0
PX10-8 Heutron Diffraction Active T35 25
PX10=10 Deuterium Gamme Ray Spectrom- , ‘

: ' eter - Active 15 15
PX10-14 Poisoning Coefficients Inactive .- 0 0
PX10-=15 Photoneutrone from Fission Active 25 35
PX10-17 = TFissionebllity Studies Active 25 .25

Totalccooccoo 100 100
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PX10-7 — Fissionebility of 40-10

Inactive.

PX10-8 - Heutron D1ffraction -~ (Osborne, Hasbrouck, Ulrich)

. : 2
A study of the fission cross-gection of U 35

as a function of
\energyp hes been etarted; For the purpose of’maaaureﬁentaAa special
fission\chamber has‘ﬁeen cgnstrueted by Mro'Borkoﬁskifs Zrouvp. Thé activé
eﬁrfacp is l"ix'lh“ and is oriented at a glancing angle with the beam. The
enriched léyer consists of 40 mg of 0308 deposited electrolytically upon a
platinum etrip. This chamber shows adequa@g gensitivity in the thermal
fggion t§ permit a study‘of the first anl perheps the gsecond resonange in -
02350 Yo data ere yet available on this spectfumo |

| A chemical process has beed devei@ped for the separation of\abfew

135 135

curies of I “°. This amount after decay to Xe “~, should be adequate for
" spectrometer measurements of the thexmal resonance. After prelﬂminar&
‘rung have been mede with the shielded epparatus, an attempt will be made

. to prepare such a sample.

PX10-10 - Deuterium Gamma Ray Spectrometer - (Bernstein, Wolfe)

.The tpermal column on %top of the ﬁile is now fres. ‘It is beiné
adapted for uee with the denterium 1'on'chambero Hole NOona has been aban-~
doned because tests showed the presence of fast neutrons in the beanm,
Changes in the ion chamber are being made which we hopezwill reduéa con-

sidefably the microphonic disturbancee.

- L . 3 ’
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PX10-14 - Poison Coefficients

Inactive.

Px10415 - Photoneutrons from Fission - (Bernstein, Wolfe)
The apparatus for this experiment is nearing complefion in the

shops, Measurements will be started within the next month,

PX10-17 -~ Fissionebility Studies -~ (Floyd, Dial)

: . 20 o
The ther@al fission cross-section of Bi 9 hag been limited %o

=30 2
_ 67/4::10 3 em . This value was obtained using the photographic frack

technique. A spscimen of metallic bismuth was placed in contact with the

- 11
fission sensitive plate and exposed to a thermal flux of 2 x 10 n/cm?/se@

for ten ssconds (nvt = 2 x 1012); An area of 0,077 en® was examined without

observing a singls ﬁssion_tracko Additional surjeys in other parts of the
plate likewise showed no fission tracks. Assuming all fissions Océurring
within 3 mg/cm2 of the surface of the bismuth to record as & recognizabdle
30 2

track, the cross-section for thermal fission emounts to less than 10 m .

A deposit of Pa.233 was preparéd by Mr. Bohlman's group with the as-
sistahce of Mr. Rose of Section P-I1II. The déposit hed the following éaa |
timated analysiss : : H
P3233 0.2 /g
#3107t g

232

Th ool = cl/’ig
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e33

The growth of U has been followed by standard exposure and

counting, The date (prelimiﬁary in character) indicate & thermal fission
33

cross—section at gzero time of_abouébloﬁ that of u? or A~ B0 barns. In

the light of the above analysis thie cross-section cannot.be attributed

to contaminépion by 0233 nor to normal uranium, It ig, therefore, presumﬁﬁ’

that Pa?33 must be thermally.fissionéble with & cross—section of 50\i: 30

barns. ' :
The thermel fission of Pa>>>

is unexpected and cannot be predictied ,
from the Bohr-Wheeler theory of fission, 98?31 ha§ a fission threshold of
400 KV and Pa?33 should be fissionable only at higher energies. Undsr ihe

conditions of the experiment the observed crosseseétion canro?t bé.accounted

for by fest fisesion,








