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The effect of the additions to our staff and the incoming of the tralnees
during the last year i1s making itself felt now in en increasing scisntific out-
put. This 1is evidenced by the volume of this report fbr'Dgcembei. in spiteo of
the holiday seagon, |

Procurcment difficnlties for the critic~l experiments have been overcome
by vigorous action, and the installation is practicall& corpleted, Measure-
ments should étart definitaly thig month,

-The neﬁ thormal colusn on the top of the graphite pile has deen installsd
end tested. It 1s considerably mors convenient for opsrrtion then the 0ld one,
rad the flux distridution shows considerably better regulsrity. The column
will be used presently for age measurements in Hy0, HQOahl mixtures, Be and Béo.

With respect to the heterogeneous nile, advances in the de%eloPment of
con trol 1nstrﬁments should be mentioned especialiyo_ A vibratfng condonger
monitron hag Beén built which will be sultable for the 4 logn eircﬁit as
recvired for the control of the high flux pile. The improved iomization
chember, mentioned in ths nrevious ieport. is now undergoing 1ife testis,

A promising direct indicntor for reactivify changes is being studied. The
principle consists in the meaguring of the phagse angle detween a modulation
of reactivity end the rosﬁonse of ths pile, | ' |

In the theoreticsl work for the new pile, results have bsen obtained
on the reactivity changes due to the Th. blenket and the effectivensss of
Th-water coantrol rodé, The space distridution of energy loss of fast neutfons
has been worked out, It hss also been pointed out that thermel neutrons roquire
2 finite time to diffuse an sppreciable distance, and thet this effsct will
have to be considered in conjunction with the controis of ths ﬁev vile.

The long range pile grouv has cqytinued its theoretical studises of |
various vile types. A systematic program for thé study of shielding probIQms

is now under way.



Sxperimental results of inter=st hm-ve been obtnined in the following
inveatigntionsg A

The spparatus for measurement of total Y energy per ? diéintegraﬂon
by integration of intensity over a large aluminum block is now being used
for actusl measurements. Runs have been made with Ba‘?u. It has been con-
firmed that the two known Y rays of 1.38 and 2.76 Mev are omitted in cas-
éade, This result removes a ouastion ma_i-k with respect to the dicintegration
cross section for D and Be for 2.76 ﬁew; gammés. reported previously to be
12.% end 5.9 x 10728 e,

The end point of the continuous ? spectrum of the 4 year 961" has bveen
meagured with ths 180° spectromotor,' The valus 1s .”23 Mev, )

The apperatus for the invesyigation otfl shor¢ lived isomers is being re-
fined by 3.nsta11nt16n of a coincidence cirecult thet \?Ul make it vossible
to extend ite range to 10~7 sec. _ ‘

Measurements have been made .on the rige of thermal flux in 2 ceatral
region of the graphite pi].q upon removal of metal. The rise in flux is
highest 4f only two addaéent chennols are unloaded. No increase in flux
results from the presaence 0f 9 or 20 empty chennels, as compared to 2, s0
that any flux increase must bde guite sharply iocalizado It is, howsver, -
possible to obtainm a2 regioﬁ of nigh caedmium ratioc without puch sacriflca
in flux. _ |

Neutron diffraction measuremen t3 heve been coatinued with CaO, CaS

and ca02 powders., From the rslaﬁve intensities of various peaks relative

values of the sffective coherent nuclear sce.tt‘ering ean be caleulated and the
ratios of the diffuse gcattering cross gections ner molecule to the nuclear
eross sections can glso bve obtainbedo The diffusse seatterimg observed is rather
high.’p.nd there seem to be considerable diffsrences betwaesn cross section

ratice from handbook values and those evaluated from the scattering exneriments.




| " . A
: The temperature deﬁondence o.f gscattsring intensities hag been studied for‘
. Ca0 and CeS, end it has besn found %o be small both for the cohereat snd
diffuse scattering. | N
FNew observations on BeO, together with 'older data, show definitrely
that Ca, O, S, C, Mg and Be all scatter with the same phase. This is in
agreement w;th regsults reported from the Argonng,
The status of other current investigations can be geen fron; the detailed

reports.
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Physics Section I

A, H. Snell, Section Chief
S. Bernstein, Associate Section Chief

Total technical persomnel (including supervision)cccocesoo- 18
Problem o
Assignment : - Man-months of Effort
Number . Subject Status Report Yer., Next Per,
PX1-7 ¢ production = Active 1 1
Pxs8-1 Gamma Ray Spectra Active 1 1
Px8<2  Photoneutron Sources Inactive 0 0
163-X39P  Service Flux Measurements Active 3 &
FX8-4 Gamma knergy per Beta Active 1 1 .
PX5-22 Critical Experiments Aotive 3 3

Heutron Decay Active 2% 2%
Px10=17 Filssionability Studies Active 1 . 3
PX10-8 Neutron Diffraction . Active 2. 2
PX10-15 Photoneutrons from Fission

Products plus P-9 Active _2 2

Totaloooso 14 14

t

SECRET
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" PX8-4 - Gemma Energy per Beta - (Barker)

PX1-7 - Carbon 14 Production = (Norris)

Some details in the half-life determination of C** are being dealt
with, looking toward a detailed report on the subject. A short description

of the cl? faotory and its accomplishment has besn started through declassi-

fication for possible publication in "Science”.

PX8~1 = Gemma Ray Spectra - (Haynmes)

The earth-compensating coils have been assembled around the spectrom-

'

eter, and a filter has been installed to reduce the ripple in the lens current.

64

A calibration run with Cu®" will be made in the very near future.

o

| Two runs have beeﬁ c-ompleted with Na“‘, giving the results respectively
of 4,15 and 4.19 Mev of gamma radiation per beta disintegration.  This is in
good agreement .witﬁ the sum of the energieé of the two gamma rays as measured
with spectrome?:ers, viz. 1.38 and 2,76 Mev. Coincidence measuremonts previous-
ly had indicafied thet the two gammms were in cascade; our new megsurement cor-
roﬁoratea this’ by a completely independént method, The suggestion of Sﬁchs
in a recent letter to the editor of the"Physical Review"is not supported byv

this measurement.

PX8-2 - Photoneutron Sources - (Barker, Sternberg, Snell)

Barker's results on the gamma rays of Na249 quoted above, allow us to

reassert with greater conviction our old measurement (MonP-46) that the photo-

disintegration éross» sections for D and Be for 2.76 Meov gamma rays ere respec-

tively 12.8 and 5.9 x 10:'2803120 The figure 12,8 is considerably higher than

B _\
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the theoretical value of 10,6 for the deuteron, aé derived from the formula
of Bethe & Bacher. It also seems high compared with Halban’s sxperimental
value of 10 for the gemma ray at 2.62 Mev; however, Halban himself stated

that his value is probably low.

Neutron Decay - (Miller, Saxon, Smell)

The electron multiplisr tube was found to have lost semsitivity, and
ite plates have been re-coated with beryllium. It now seems to be more sensi-

tivo then ever. The vacuum system has been modified by & change in diffusion

‘pumps, and the inclusion of two right-angle bends between the pump and the main

vacuum tank; this should reduce the diffusion of oil into the main tank. A
built in A"w'iggler" has been added, by‘which the entrance to the multiplier tube
can be (1) left open, (2) covered with a 1 mg/cm® thickness of nylon, or (3)
closed, wiﬁ the presence of a small sample of ﬁra.niym for atandardizatiofx
purposes, using the alpha-particles. Efforts are now beiﬁg devoted to improv-
ing the counting performance by eliminating some R. F. pickup from the _fxigh-
voltage supply and one or two other wdesirable effects. A thin B0 apsorber
has been mede, which will. be used to -interrupt the beam to give us our desired
slow neutron dii‘ferencéo

Effect of Removing Central Ux_;aniizm upon the Central
Thermal Fiux in the Clinton Pile - (Snell, Armette)

'fheae-msaa wements were undertaken following a suggestion made by

A. M. Weinberg to the effect that a local increase in thermal flux might

. be obtained over that prevailing in 'the smooth distribution of a fully loaded

pile, if somo of the urenium near the center were removed so as to leave a region
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of pure graphite. As it turned out, one chamnel (No. 1868) of the Clinton
pile is normally uncharged, and a noighboring one (1867) is mostly uncharged
(3t contains only two "doughauts ™) 36 that the looked-for effect had already
been achievédo HawevAoro it may be worth while to pﬁt on record the measured
offect of unloading a iarger regi;:no : .

Fig, 1 is a sketoh of the central region of the ioading face of the
Clinton 'pil'e,; it sh@ the locations of various holes and slots which concern
us here. Chamel 1870 is loaded with molybdenum. The position.of foil slot
62, which was used in the measurements, is indicated.

Meassurements were made with 6.6 x 4 cm indium foils using ﬁa.spona
taneous and_delayed neutrons present in the pile when it 1s shut down, and
all of its control rods in. After e wait subsequent to shutdown, four foils
were sinmita.ne_ously inserted at positions respectively designated As A", B,
C' and D' A' and B? wére designed to be monitoring positions; they were in
slot 61, respectively 175 and 14 feot in from the outside of the pile shield.

C’ and D! were im slot 62, respectively 22 and 19 feet in from the outside

" of the charging face., The effect under studypy -therefore, was & change in

neutron flux at C* and D* relative to A’ and B? as the loading was changed. g
Fig. 2 gives the positions A, B', C® and D' in a horizontal section of the
pile. ' The four positions were coplanar vertically.

. It was found necessary to seal the foils in aluminum boxes, using

scotch tape; otherwise they picked"up large contamination estivities. No measure-

ments were taken with cadmium-covered foils,

'



Theé saturation activities A; of the indium foils are given in counts
per minute in the following table. The loading conditions are there described
with reference to the channels marked X, Y and Z in Fig; ) B

The figure}s show that the central flux (C°' and D°) is relatively high-
est when only the two cﬁannels X are empty; further unloading merely flattens
the flux distfibutiopo Ho Wo‘Newnon informs us that a flux increase of the
type sought had been observed in one channel when a neighboring channel had
beon emptied, and th;% one might, for example, examine the flux in hole A
(Fig. 1) before and after discharging channels 1967 and 19680 ‘Furtharp.nu
find that observation of the peaking effect 1; already on record in CP-2602 "
(E. Jones and othobs); |

The net results of the presént measurements are (1) no increase in
central flux results from the presence of 9 or 20 empty channels as against
the two already empty» and that therefore (2) eny flux increase mﬁst be quite
sharply lopalizado On the other hand, & region of high cadmium retio is ap-
parently obtainable without great sacrifice of flux. It séema thgt the method
might be useful around holes from which therma) beams are to be drawn&’unloading
the uranium for a few inbh;; around the hole will increase the thermal flux and
‘the gadmium ratio;.

We are indebted to E. C. Barker for counting some of the foils.



Agt Gounts per Minute Relative Activities Mo ative oo Waiting Time
Loading Conditions AY B® co D’ ¥/ p*/B¢ |pe/av {cu/pe ¢s /Dt after Shutdowm
Channels X empty 836 780 2897 1658 3.46 | 2,00 1.86 3.7 1.86 29 nin.
Channele X and Y , , '
empty 683 661 1469% 986 20,14% | 1,61 1,46 2,21# |y 1,460 52 min.
Channels X, Y and
Z empty 390 | 400 680 560 1,37 | .41 | 1,70 1.24 580 min.

# This foil showed evidence of cgntaminationg-fheae figures are therefore high.

-/

1.74

ot
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PX5-22 ~ Criticality Experiments - (Snell, Mann, Buck)

During the xr;onth the major portion of the design and drawing for the nsxt
experiment was oompietedo Shop work is now .’;.n progress. Work on change in
concentration of fuel soluti%ns will start in a few days. Assembly of the

equipment will begin shortly.

PX10=15 - Photoneutron Measurements - (Bernstein, Levy, Arnette, Jackson)

During the past month we have a.cémwlated a set of dafa on the photo=
neutrons from 25 + P=9. This data is now being worked up. F:'_Lﬁal results
should be achigved during this month.

We have received some gsamples of 49 ordered sometime agos which we hope

to use for further photonéutron measurements .

PX10-8 - Crystal Spectrometer = (Bernstein, Shapiro, Dial, Floyd, Stanford)

We have been working to lmpraove the cryat;al spectrometer so that we can '
proseed with measurements on the capture oross-section Xenon. Our main ‘probe
lems ai-e to improfe tiw doetscting apparatus and sample handling apparatus éo
that acceptable reproduéibility o£ the data will be obtained in the time which
shall be available, and to reduce the background. count of our instrument, .

'Thie problem which was initiated by L. B. Borst, 1s now being pursued with
the cooperation of Mr. Fried, Mr. Parker and thelr colleagueéh of ~¢he Chemistry

Department. They are making plans for preparing the Xenon saxhplao



Identification of Hard Gamma Emitters

We have been ocooperating with Messrs. Feldman and Levy of the Ghem_.is/try
Division in their effc;rts to ideﬂtify the fission products which emit the hard
gamme rays. MNro. Feldmen separated the halqgen fiasion produots. Thg sample
was then placed at the center of our P-9 sphere. No photoreutrons were de-
teoted. 'Mro Foidman is now making plans to separate the rare earth fisaion
vpx?oducta in order to make the sam;'toat for them. The interest of .the‘ éhem:lcts
in this problem has grown to the extent that they are making plans for con-
‘structing their own photonesutron detecting apparatus and remote c'ohtrol ap-

paratus for short-lived fission product separation on.a larger scale.
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SOLID-STATES RESEAECH

S. Siegel, Acting Chief

Irradiation of Low Tengeraﬁurea = (Metonlf)

A design for a cryostat has been completed. Details of construction

and shielding are now being planned.

Thermal Conductivity of Fuel Rods - (Hunter)
Y satisfactory method of impregnating graphite with uranium oxide
has been develaped, using a vacuum impregnation technique.

Hot Laboratory - (Siegel, Hunter, Ma.cPhérson)

[y

The designp for the laboratory, and for some of the experimen{:al
apparatus, are pregressing satisfactorily. -

Irradiation at Clinton Pile - (Siegel, Wagner)

Single orystal samples of well annealed pure Al, and of CusAu in
ordered and disordered states have been prepared. The elastic moduli,
density, and electrical resistivity of these samples will be measured,

and then the samples irradiated in the pile.



FIIYSICS SECTION II
A. ll. Vleinberg, Section Chief

Total Technical Personn®l . ¢ o o « o o o o 0 6 o o o 10

Reactivity Change Caused by Th Blankst in High Flux Pile
‘ {Spinrad and Crook)

Calculations have been made on the effectlive change in
multiplication constants of a 5’Kg cubicaiﬁ reflected pile
when it is surrounded by a Th sheet placed 20 cm from the
edgs of the active reactor. Ws find that a 1.26 cm thick
Th sheet takes up 0.42% in (()keﬁ./k. while an infinitely
thick one takes up O. 57%;: The 1.26 cm blanket contains the
sams amount of Th as will be in the rods surrounding ths high
flux pile., assuming all rods are in place.'

Control Rods in lligh Flux Pile (Spinrad)

Further computationé of the effactiveness of anAarray
of Th-water control rods in the high flux pile have been
ﬁada. The method consists_in'calculating the critical k of
a circular pile region Which contains a ¢ entrally located
rod, and across whose boundary there is no net neutron flow.
The problem would therefore correspond accurately to an array
of rods in an ihfinito slab pile. The error involved in
assuming no net flow across the boundary-.-is now being'
estimated.
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The results of this calculation are that the effective

change in reactivity. Sk;ffa produced by a 3,9 em radius control

rod whose composition by volume 1s 1 Th »-_l Al - Q_Hgoa is

k
..g_..?i{ e 0,72 R
k
where R is the ratio of volums of control elements to volume

of active plle material. ‘
Other Work on High Flux Pils (G. P. Nordhelm, Soodak, Weinberg)

Various other problems connected with the design of the
. AN
high flux pile have been considered during this month. Among
these are o ‘

1) Average Energy of Neutrons Emitted from Reactor

We now believe the average néutron energy
incident on the Be reflector is around 1 MeV rather
than 100 KeV as was previously supposed.

2) Space Diatribution of Enérgy Loss_of Neutrons

Ve have derived a8 formula for the spatial
distribution of the ensrgy loss of fast neutrons,
as‘ét_zmmg the mean fres path is constant. We find
that the snergy loss 1is distributed ’axponefntiallj
(not Gaussian) with.a relaxation lehgth m. |
where 7 1s the age and u is the log of the initial
to final energy ratio. |

0y
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%) Tims Lag of Thermal Neutron Signal

Since a sudggn burst of thermal neutrons
~diffuses as %i§?§:7§- 2 the time required fgr a
signal to reach a maximum at a distance x from
the sourse of the burst is of the order x2/2D.
" Thus tb“travel“ 20 cm in graphite requires about &
millisecond; this time is uncomfortabiy‘ldng for
some of the control circults in the high flux pils.
Ths.exisience of tims lags of such an order
suggests the- possibility that the diffusion coeffi-
cient for thermals could bs measured directly by
observing the rise of thermal ﬁeutron.intenéity
following a sudden burst of theémal neutrons some

distance away.

Critical llass Calculations (E. Greuling, R. Crook)

In comection with the critical mass measurements
recently completed at K-25 under the direction of C, K. Beck.
the folloﬁlng critical assemblies were éomputedg

~ihe core vhich oonsisted.of a uniformly heterogeneous
mixturs of 30% enriched UFgC cubss and polyethylens (HpC)
éubes was surrounded by an infinite reflector of HoC. The
volums of;eﬁch cube of UFgC was one cubic inch and contained
15.48 gm of U?%5, The volume of each polyethylene cube wﬁs
one cublc inch and had a density of 0,90 gm/cmd. |

The integral diffusion method, as réported in LA-399,
and as modified for heterogeneous piles (Df; Mbn ?»48'3upp1;-



|

meni), was used. The thermal disadvantage factors. nL/"
were calculated for equivalent spherical cells. The Ue38
resonance escape probability, P. waé obtained from the curves
in Chap. IV of the project handbook. A corfedtion on P, dus
td‘élowing down of neutrons in the reflector,.wés made
according to the method explained in LA-Sggo

_ The theoretical rasults tabulated below are -for equiva—
lent homogeneous and heterogeneous spherical piles. The
first colum (v1/¥o)» is the HpC to UFgC volume ratio. The
volume of the cell in cubic inches is w3 < Vo; The second’
column (H/25) is the ratio, atoms of hydrogen to atoms of
U235 in the cofes The fourth an& seventh columns are respective-
1y the theoretical critical masses of U235 for the homogeneous
and heterogenéous piles. The last column lista the experi-
mental criticai massses of the roughly cubical heterogsneous

piles surrounded by essentially infinite polyethylene reflectors.

Homogeneous Heterogensous
vi/vo B/(25) P Mg Ay, P Mg Mexpe
1/2  15.25 .80l 21 Kg - - = 17.5Kg
1/1 30,5 .921 7.9 " 2,21 ,927 8.6F 7.66
L2f1 610 944 3.44" 2.68 962 4.3" 4,58
&/1 122 .960 1.80" 3,20 980 @ 3.6" 35,97
7/1 213.5 .970 1,22" 3.86 .987 5.8 6.15

-
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For atomic ratios, H/(25) < 30 or H/U ¢ 9, the theory
brealts down because one can no longer neglect fissions pro-~ -
duced by resonance energy neutrons. Also in this region ..
the core and reflector differ so much in their tsldwing'doum'zf-.;

power that the integral method 1s no longer applieablea .
High Energy Fhoto-Disintegration of the Deuteron (Goertzel, Ross)

During the.mpnth, of December practically the entire
tims was devoted to the problem of the high energy photo-
disintegration of the geuterono Here the phenomenological
tensor force model, introduced by Schwinger, is being used.



. Fhysics Section III.
E. C. Wonan, Section (hief

Total Technical Personnel (including superﬁSion)o cceceseesscosssnooolle

PX10-8 HNeutron Diffraction (Shull, Wollen, Marney)

A series of three compounds, CaO, CaS. end CaC, whose nuclei
wore of the zero-spin and monoisofopic'v.ariety werle examined in the | -
powdered oryetal ape;trbmetero Diffraction patterns for a neutron wave- _
length of 1.05 engstroms wore ﬁbtained ‘over selected diffraction peaks
and neighboring beckground. Typical dif‘f:"acti on pesks foi- these compounds
ere given in Figure 1. The three patterns were obteined under similar
geomatrical oonditions with a constant priﬁxery beam intensity.

 ,From the intensities of the diffraction peaks end the diffuse
background velues, both the effective ccherent and diffuse scattering
cross sections may be evaluated using formules analagous to thoge for the

scutté‘ring of x-rays by powdersd crystals. The intensity of diffraction
in an (h X £) peek is given by

) S he - h sec © .
hk -_2\_% F 8/. JulﬂzaFZ

P, 4T 3 sinZ 2 © hkd

whéro Phki is the powé_r in ths diffrac\ted beam, ‘M is ths mmfber of mole-;
cules per cc ‘of orystal and Fﬁkl is the effective coherent scattering -
cross section pﬁr molecule pef unit solid engle. Other térms are definsd
ag in Comptc;n end Allison. In the x-ray case, Flzxkl is definsd as the ratio'
of the crystel 3cattervi'.ng to the Thomson scettering per electron, whereas
in the neutron case tﬁis quantii%y hes the dimensions of a cross section.

A corresponding expression for the intensity of diffuse scattering is

& This is obviously only approximately true especially for Ca and S.
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given by
P a hg Y. 2
-=mh 2]
Fwo = H (e 88cC -Fg sac g) ° ——r_.— o S

where Pd ig the power in the diffusely scﬁttered beam as meagured through a
defining slit of enguler aperature A€ and Sz is fhe effective diffuse
scattering psr molecule per unit solid angle. ’

Since the intensity of the primery besm Py is not known es yst
to any accuracy, it is necessary to intercompare the diffraction psak .and
diffuse background intemnsities. From the reletive intemsities of the dif-
fraction pesks (for exemple the (200) eng (111)) relé.tive velues of the
eff‘ective‘ coheren:h nucleer séattering oroés gection can be c.salculta'l:ed;e

likewise, through use of the ratio of the above two equationa

. '3 _ : :
Pug A L oy
Py 4TTAO sins 2 6 geo O

sf
the vaiue of the diffuse scattering érc;ss' gection par mclescule of cryatalﬁ
cen be obtained relative to the nuclser cross seotions. Table I summarizes
fhe dete calculeted in this fashion. Also included in this table are data
calcufaﬁed frem previously obta‘ined measurements on NaCl and KCI.
It is to be noted in the first two columns of this table that

the ratios of ocherent to diffuse scattering cross sections vary over wide |
limits. The data in the third column indicate that the coherent scetter-
ing cross section for caloium varies by more than a factor of two from ons
compound t0 another. The. lagt column in the tabls conteains the retios of
- handbook cross sections for the atoms in the compound and in certasin cases,
~ these are seen,fo differ considerebly from the ratiocs of coherent scattef-

ing cross aectionao
®* These quantities will be designated by £

, 8te.

2 2
ca’ fo



- - s TABLE 1. | .

Relative Coherent and Diffuse Scattering Croas Sectiong from Powdered
~Crystal Measurements

2 2 o B
£R £1 - x2 f2 fg OR
Crystal se 82 R X fg O3
Cal 0.52 0.17 7.1 2.4 3.0 - 2.3
CaS 0.10 0.021 3.3 0.69 4.8 8.5
CaCy 0.11 0.10 4.9 4.2 1.1 2.0
» - » #
KC1 0.11 0.82 1.9 13.8  0.135 0.11
NeCl 0.08 0.55 1.9 12,6  0.145 0.25
' s Note k° is differemt for NaCl snd KC1 than 1t is for the caleium come

pounds since modifications were made in the apperetus betwsen the times
these msesurements were meds..

The subscripts R end X refer to the first and second eleménts in
the compounds respectively,.

The large emount of diffuse scattering cbserved for these crystals
" is mot easily acqounted‘foro The rether high cheracterisgtic temperatures
to these substences mekes the diffuse scettering éue to the Debye-Waller
 tempersture effect small (see also later section). The theory of the dif-
fuge écattering:as worked out by Weinstock (Phys. Rev. | 65, 1, 1944) and the
- extension of this theory by Seitz and Goldberger (CP-2489) seem also to
predict less diffuse scattering then we observe. This point ie $eing more
:thofoughly investigeted. The effect of the small percent of the less
gbundamnt isotcpés in calecium end sulphur must also bé considered as.a poa-

gible source of diffuse scattering.
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Effect of Temperature on Intensity cf Coherent end Diffuse Scattering
{8hull, Wollen, Marney)

Samples of Ca0 end CaS were examined in the neutron diffraction
spectrometer at both room temperature (26° C) ;nd at liquid nitrogen tem-
peratﬁre (=197° C) to determine the effect of temperature on the intensity
of both ccherent and diffuse éoatte:ing, The same specimen end the seme
specimon holder were uséd for the measurements at the two temperatures.
Rautron cbunting ratés were determined at the danterrof the (200) peek end
at the diffua; bﬁckground on either side of this pesak. \Table IT summarizes
these measuremsntsg. , : b

TABLE II.

Effect of Tompsrature on the Intensity of Reutron Diffraction

m

Counting Rate at

2990 K 770K

diffuse baokgrouﬁd . ' 13 B

Cal (200) peak | 69 68
diffuse background | 14 11

diffuse background | 16 | 20

Cas (200) peek ' 24 27
diffuse background 22 | 22

It is concluded that the temperature dependence of the intensity

of coherent scattering and of the diffuase backgrcund is smail.



Rolatiwe Phase of Neutron Scattering for Various Nucléi (Wollen, Shull,
Marney)

The examination of the diffrection pattern for Be0 appsared to be
of interest in connection with.results of totel reflection of Be and the
enorgy spectrum of neutrons transmitted by BeO es reported from Argonne
in CF-3574 ecnd CP-3647. Accordingly the diffraction pattern over the (100),
(002) end (101) pesks for powdered BeO was determined as shown in Figure 2.
. A simple calculetion of the expscted powder diffraction intenaities based
on th; same and opposite phases for Be end O shows definitely that the two
nuclei scatter with the seme phase. The celculated intensities rbr'the two
cases are shown on the top of Figure 2. .

Previously reported deta from similer powder diffraction messure-
monts together with the resultas of the fifst section of this report dnd
some unreported measurements on.MgO show thaet Ca, 0, 8, C, Mg, and Be All
scatter with the same phase. This is in accord with results obteined at

the Argonne.

PX10-23 Neutron "Ape" Measuremsnts (Hill, Roberts)

’

The new thermal‘column,}poi in operation, differs from the old one
in the following doteils.

(1) The graphite completely fills the hole in the concrete.
There was & 2-3 inch gap around the edges of the old one.

(2) The neutron shutter of boron carbide plestic in an alum-
inum freme is at floor level. It should be paermenent
while the canvas of the 0ld shutter had rotted and the

~ shutter was completely inoperable when the cld column
was removed. o ,

(3) There is e two foot high pedestal of graphite surrounded
by cadnium and lead above the shutter to give additionael
~ray protection at & small cost in neutron flux. This
two feet of graphite increases the time limit at the
column from 15 minutes to 1 hour, shutters closed.
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(4¢) There are a set of four stepped plugs which may be

withdresm from the center of the thermel column end
which extend down 6 feet bhelow floor level. The
emallest cross section dimension is 8" x 87,
(5) Studies of the neutron flux distribution across the
column gshow thst the flux is symmetrical within 2%. ’
The thermal flux for the new column is about the
samo es for the old oclumm, about 107 at floor level.

A4 x 4" x 6° high colum of graphite has been piled on the
pedastal to study age in graphite using a 2' x 2' squars plsme sourcs of
eluminum 0235 elloy. Preliminary measuremsnts have been made on the age
of fission neutrons in graphite.

This is ‘in,tr‘od\'xctory to the determination of ege in H,0, H;0

mixtures, Be and BeC.

PX10-19 Ensrgy of Capture Gamme Rays (Moalk:, Dabbs)

Sirce the last report seversl chenges have been made in the ex-
perimental set-up of t?:e cloud chamber. Chief emong these wes the 'change
from en A1 Compton reccil radiator to a Fb pair radiator;, It‘wa's felt
thet a lerger background could be tolerated by using paifs» s\ince the origin
of eny pair can bg determined; a.l'sc' the errors in goometry would not
be as great because total pair energy is not dependent on the direction of
the ¥ ray. The pairs will also be more easily identified since the cloud
chambor walls will not contribute an appxjeciable peir background. Deta from

pair measurements for Cd cepture ¥'s are now being obtained.

PX10-24 Identificstion of Fission Fragments Giving Rise to Deleyed Neutrons
(Goed) | ‘ A :

This problexh;which was begun sometime ego, has been delaysd due

to the c‘ox'mtruction in the shop Qof' new equipment for hendling the special

"»;;,qppit" uged in this work. This equipment hes been completely redesigned
to Vn,;;qke the work safer from a rediation hagzerds point of view. The equip-
ment is prectically complete and it is hoped thet work on this problem can

be resumed in the near future.
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PX10-22 _Seerch for Short Lived Isomers (De Penedetti, MoGowan, Schweinler)

Further éxperimsnts with ¥b gources to investigate the possi-
bility of = sbort;' lived isomer in Lu175 fa;led to give conclusive results,
though some delayed coincidence could be counted.

In order to meke sagier the wori: for delays around one micro-.
second or smaller, we started the comstruction 'of & new coincidence cir-
cult to explore the rangé of 10~7 gec. With this ecircuit we also plan to
study the time lag of cur Geiger counters, hoping thet it will be possible . |
to reduce them. Harold Sohweinler, who hasg recently Joined our group, is
interested end active in this field. ‘

In the meantime the negative results obtained with the old cir-

cuit will be reexamined.

PX10-16 Characferistica of Fission Product end Neutron Induced Activities

(P. W. Lsvy) o ' ’

The end point of the continuous beta-ray spectrum of the 4 yeer
"61" activity has been determ’.ne& with the 180° counter spsotrometer as
.223 M?v. This is e preliminary velus as more detailed study of this
gpectrum will be made &s soon as & thinner source is availeble. The
source used in the preliminary study was prepered by G. Parker's group

of the Chemistry Divisiom.
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’ l!echar;ism of Emission of Prompt Fission Neutrona (De Benedetti., Fréhcis.
Pregton)

The work on instrumentetion is continuing. The fest neutron

- counters at pressure higher than atmoepheric were prepared, sssembled,

und. tested. ' Thelr performence shows some improvement in respect to the
counters previcusly used. The coincidence circuit with the differential
pulse height selector has besn built. From the tests made to date it was

found to behave satisfectorily, despite some adjustmaents still needsd.

2
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Model Servo System (H. A. Streus) ' o ‘ .

The gear train of the model servo system hes been recei&ed._ The
system has been assembled and run under powsr. After running in for 8 fow
hours the gear train is in excellent condition°~E$sont§;11y all teét equip-
ment of which need is seen is now on hend, including a modification of the
mechanical moduiﬁtoi to pro&uce sine waves at O.l1 cps. A db-log frequency
study of the loop trensfer cheracteristic of the basic servo loop is mow in

progress es & preliminary to design modification of the.system.

Monitron (P. R. Bell)
A vibreting condenser monitron hes baen built which shows oonsider—;
eble improvﬁment ovef the present monitrons. That this ie trus is rot sur-

‘ prising. for the advantagés of using a verying capacity for converting from
direct vcitages~to easily amplified alternating voltages has been demonstrated
meny tires. The chief difficulty has been in prpcuring a vibrating reed or
condenser in any quantity that is satisfactory for the purpose. Tie avalla-
bility of wibrating condensers from the AN/APN-1 FM altimeter has led us to

Zinvestigate their suitability for this job. Consequently, ome of their con»’

dehuers © : built into a fesdback amplifier circuit and attached to an ion-

ization chember. A balanced demoduletor wes used so that the output voltage
wes e linear function of the input voltege. (The monitron circuit in coﬁmon

use is not only non—linoar but is double valued) The gein is independent

of line voltage fluctuation and tube constants. Adjustments such es gein,
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gero setting, end relay triggering level are easily mede and indepsndent of
each other,

The completed circuit gives a full acaie meter reading (50 volts)
with 2 0.6 volt input. It operates very well with an ivnput resistance of
1012 ohms. The input zero drift is ebout 2 millivolts. The sero of the in-
strument is independent of the value of the input resistance. When a portion
of the output signel is connected to a Brown recorder, individual alpha par-

ticles glve sizeabls deflections. The instrument hes been running continuously

" for the past two months without failure. Life tests are being continued end

drewings ere being modified in preparation for mhk_ing & number of these instru-
ments. .

This investigation was undertaken with the idea of developing &

‘gultable instrument for cemtrol of the high flux pilie. In particuler, the

d log n eircuit requires such a devices

s ) .

Indicator for Jkgpe (S, MacKeille) o

If the neutron density of & pile ié meds to oscillete sbout an
average vealus by mo&ulation either of the reactivity or of en artificial
scurce, the phase leg between driving and resultatﬁ: oscillatione depends
only on the frequency and the average reacti’éity of the pile. Thus the
measure of this phase angle provides & rather direct measure of Jkgpp = -
one which is independent of pile lovel, oscillator emplitude, or backpground

ocurrent in the ion chamber. The reletion is:

_ 27t
ten 0 b

whera Q = phase engle, f = driving frequency, 1 = mean life of a neutron in
the pile, /3 = frection of delaeyed neutrons, end it holds es long as the

amplitude of oscillation cf Jkeff is small compared withl Jkeﬁ- -/&I °
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(If £ 1s not much lerger then >\. the decay constent for deleyed mutrona,.

then constent terms must be added to both numberstor and denominator in the |

above exprersion).

For maximum ssnsitivity ng;ar oritical (& keff’" 0), ons should set

£fa _B8 .

(= § cycles for high flux pile). Under these conditions the minimum de-

tectsble increment in dkger 1a

/

DS kers) = 288§
whereAAb is the mipimum detectable increment in phase engle., For Atb = 1°,

<

(S kgpp) = 2.7 x 1074,

~ Thus fhe method appears feasible for continuous viauai indication

‘of dkgpp during start-up of the high flux pile, though it is probebly too

slow for.use with automatic control.

Ionization Chamber (Armistead, Msed) v

. The experimsntal ion chember has (baen expos_gd for 10 deys in
hole 67 'at the middle of f:he pile for the purpose of éesting the effacts
of intense pile radiation upon the boron coatinge§ Five test pletes were
included in the chamber, ;eith binders respectively of Amphenol 912, rubber
cement . Duco cement, aquadag, and collodion. Boron 10 wes the neutron-
sensit:'lv’e materiel. .Viéual inspection of the plates after removal revesls
a slight deterioration of the organic binders es ev;idenced by lcose boron
dust. Incomplete tests of the comparative sensitivity (ratio of ion cur--
rent to neutron flux) before and efter the ex_éosure in the pile indicate
no appreciahie loss iﬂ sénsitivity has resulted. More data is forthcoming
on this. How this lif‘eAteat compares with conditions to be mef by the ion

chembers in the high flux pil_e is diffiocult to sey until the final decisiors
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about chember positioning in the new pile heve been mede. However, it is
safe to say that the X-pile teet exposure was equally es severe, as to
temperature and flux, aé the aétual‘oonditione of use,;ill bé; end perheps
the actual conditioms will have slightly lower temperatu—re and 10 to 100
. times less flux. .
A test is now beigg_made ready for e séﬁond exposure in the X-
" pile with the difference that ion current will Se continually drawn from
the Qhambef du;ing the test.

- A sample of boron coating depoaited by the divorens method h;s ‘
been received from G. E.. end is undergoing tests. The sensitivity is
being compared with that of our own powder coaﬁaa A life test ﬁill be

given thié coet also.
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Ruclear Data - (V' 1y, Dismuke, Thomnson, and Bendt)

A memorandum is being nrepared (Thompson) on methods of measurement :
of { g 4E/% and on values for this :muantity which are knowx;. ‘l’ a-ttica:l
study is being made ‘(Bendt\ of the existing data on PO an@ BA neutron croes-
sections. A memoi‘andum. CLM-K-1, i¢ being issued (Diamnke and “ay) glv-
ing .-1 summary of dat- on slow neutron constrte of U233, y235, ana racl3d;
this contains measured Vaiues and noteg on the methods of maagurement of
the absorption and fiséion cross-sections (/ 2) ’ aud ’7? for these nuclei,
The Isotope Information c::m;:ctoe has issued, under the n’umhef CLM-YX¥0.2,
its sécond monthly summary of new nuclear data in nroJeci and nOR.vwroject
literature. |

Mrs. Dismuke basl b- gﬁn a fev months lenve of absence (mother and son
are dqing .nicely\, a.nd. Mras. Haynes is joining ;tho s‘ectio'n to assiat in the}

data vork.

Slow 49 Piles -~ (Mason)

A study is bring undertaken of thermal piles oper-ting wholly or in
part on 49. This includes vower piles which begin operstion on aatursl

U and retain the rrsulting )491 for their own use, as coBsidered by Thompson
\ 1a hie work vhich led to volume 17 of Baruch's 1n§§;m§tion transmitted |
~ to the United Nations. It has been suzceated (see 6.g., "0n’ International
Hagards of Power Piles,"Young, 11/14/46) that thé etréng‘selfsdenatﬁring
action of such plles might be advantageous from the standpoint of internationa”

;nspection and control, and 1t seems desirable to look into Zhese natterse
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gore closely. The pile. effects nf the Fu isotopes formed by neutron cave

‘ture are being discuss~d with Stoughton and Ott, and the effect of temrera.

ture on Teactivity is being coneidered with Greuling (lect\_xxe No. 7 in
SMeetings of Hew File Group, " Young. 1/29/46; ». 58 in *Summary of New Pile

Studies,® TYoung, 10/22/u6).

Shislding - (Murray and Libdey)

L1 mathématical memormdum. CL-FHM-1, on nsutronr shielding has been
issued under the title, "The E:iergy Lou of Particles '!'rﬁarsing a Sladb of
Mnite ‘I‘hiclmeaa" (tnstead of a title nrevlously announced in Mom P-196, n.20),
One of the resulte obtained by path length constderauons in this neMOTAL~
dum (top of p.19) is being developed further. | .

Through the courteey of F. L. Friedman of M.I'T., the 0.5.R.D. report

underlying an abstrict on PScattering and Absorption of High Voltnge X Rays

' in Steel® (Feshbach and Hornbeck, FPhysloal Review 69, p.691) has been made

avallable at Clinton. fhe methode of analyeis used in thid remort Qnd those
used in LA-564 by Hirshfqldér. Hull, and Magee ~re belng Qtudied, |

The Navy has expressed interest in i{nitiating a shielding progran,
and some prelimivary suggeétione have been obtained in dlscussions with
Morg n,. Wollan, Fairchild, and others,

Faa situation with regard to the h!_‘odue;tion of 7 rays from neutron
caoture in boron, the B(n'g-) L17. re".ction.' has been gomewhat elarified
iﬁ discussions between ¥Way :md Snell. Prom the fact_ that Bawstig (Kel,
Dangke Vi.denskab Selskab, Mat. and fys. Medd. 23, Bo. 4, 10145) obzerves
O( p:.rticles of two ringes in the reution. the shorter range occurring in
93% of the caees, it sezme.prodadle that in G of %z 3 disintegrations

1177 15 1eft 4n 2 state M2 Mev, above ground and so presumably emits

’ - l
4 . va—
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b rays\ of this enmersgy.

Piseion Product Foisoning - (Noderer, Housecholder, and Way)

rublished memoranda on this subject include MUC-KW-41 and the recently
tesued CL-GY-1; a memorandum giving some additional formmlae is being
nrepared. -

an apofoadii to. a study of the distridbution of thermal 1ibsorption crose.

ecctions s being attempted by the methods of statistical s mrling theory.

Pile Blankets - (Goertzel and Householder)

Pro#ese has been made toward det-rrmining, in t-rms of mier omtlou/s
snd cart;d."nv diﬁconttnunies, optimum distributions of am absorber (e.g.,
thorium) in a medium with given thermal neutron pronerties and loorted in

A given slowing down field.

Fast Piles ~ {(Menke)
Calculations are continuing on fast piles strongly diluted with weak
21bsorbers such as Bi, and surrounded by various kinds of reflectors such

as thic- 21 layers or slov pile layers.

Computing Machines - (Houscholder and Garabedian)

A vigit has been made to discues, in a nreliminary woy, the use of the

' FHIAC machine on Clinton p!;oblemso It is planned to attend a conference

on computing devices 2t Harvard in January.

Miscellaneouns

/

an attempt 1e being made (e.g., CL-0Y-3 to gain a better understand.
ing of the Po health hagard attending the use of Bi as a vile coolant;
some information has besn obtained from Imm (12/16/46), Morgan (12/18/uh},
and de Benedetti.

Greve, (1/3/47) sivesl an account of a visit with Boarts 1nd Mitheson

to discues with TVA personnel the nossibility of using vhosnhorug as the
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wofking.substance in he:t engﬁne cycles and as 2 plle coolant.
Some remarks on plle nnloading 2re made im CL-GY-2 entitled "Notes
on Unloading Entire Pile.®
| Grebe and Boyd are continuing their inquiry into the possibility of
vroducing heavy waﬁer at aprreciably lower cosﬁ by ion exchange columns;

the significance which a successful effort in this direction would have

. has besn lately argued (Weinbérg and Young, 12/12/46). ¥Finett has discussed

sone ieotope separation no&sibilibips with Ka25 and with Schweinler; we
underptwnd that a trial run for concentrating 3’5 ig being made at K-25,
and that a revort on'this and other light isotone separations will be available.

Doan of Phillins Petroleum Company ie sending ue soms s=mmles of the

- moat radioactive oil shalgs. and possible‘intgrest in the U or Th content

of éuch mat: rials s being'diecussed vith Goodman of M.I.T. Menke has bean
laoking a little into the Be ore situation; a recent Madisaon Square Arex
report (M-316b) gives some useful information on Be deposits.

A little time has been spent (Welnberg, Wigner and Young) in vutting

. together some suggéstions as to contents for a handbook of formulae and tables

being considered by Arnold Lowan, head of the Matiematical Tables Project,

Bureau of Standafds,






