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Lrgonne Plle

work has been complebed on the %est of a coumposite ghield of ivon and
raffin, The resulis of this investigation have formed the basis for the’
sign of the shield %o be used in the "¥" pile.

ﬁeasur@mﬂnts have been verformed in order %0 determine the absorpition
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crose sechion of oxvgen and deuterium. Oxyzen wu& indroduced into the pils
in the form of C0g, and deuterium in the form of Dgl. Botu experiments
inoicate a conziderably smaller cross ssciion for oxygen tusn had been so

far sssuwned. An sttempt $o chkeck on the cross snc«;un ot axygen by using
baryllium oxide has not given constructive resulis se fer Gue to some im-

pt?zﬁw introdueed into the oxide.

The eross section of 018 jmg been ne 1y mencured by detevﬁining the
setivity of 019 formed by peutron cunture, The result iz in substsntial
agresrent with the one obltained in the Uest Stands,

& test has been made for 4 effectiveness of

omi°o] rods of daifferent cros:. gs, and olate.
Some invéstigation has been eo j ciomctive zuses that

g~gnnte frov the piie. Mest of the ity is cue o by

preszed onide lumps. Appreciable activi

srimerily due to the activation ©
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cub during the menth. The possivilidy o7 tue ume Of tue ;ilo 5
of mreaahite ras also beon luvv@tlgatsi with tho wesult t-e kg easily
sonnitle o deternmine absosrosion cross =ections of ?Tnﬂﬂlte n ;ensitivity
of the order of ma-nitude of 1% ucins casnles of the order of B0 or 100
viloromg. )
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A zervies of measuresents lLave been nerformed using the the
rurification wnit on top of the piie. TL tegt asn 1p;1c%ned that 21}
ithermal nentrons are wmwav;d o 53 ver? areat ext 1 es
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tqerm'l neutrons aﬁcaviﬁ” From +ﬁe calunn nave been used o produce a beam
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for e messurenent of cross sections. Certain irrssularities in the resuits
cbtuined in this investization have led 1o the obfervation thei ﬂeatrcn& of
energy apnarently much lower thim therm 1 neutrong cin be Tiltered ocut of such

h”?nﬁ & grashite scetiterer. Tocse very 2loy noutrong have in mont cases
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increases by a factor between 3 and 4. It is expected that such lurge variations
of the cross sections for neutrons of very low energy will have a counsiderable
bearing on the discussion of the dependence of the reproduction factor on the
temperature of the pile. The details of these investigations are #iven in thre
reports of Zinn, Weil, Anderson and Marshall.

Exponentisal Piles

‘¥r., Morrison's group has completed the exvonential piles for the test
of the r-production factor in the "W™ lattice with and without water in the
pile. A test has also been conducted to determine the effect of adding some
small emount of boron in the water “in order to obtain a direct measurement
of the migration length of the neutrons in this lattice.

Cyclétron Group

The time of the Cyclotron Group has boen vprimarily taken by irradiations
for the Chemistry and Health groups. DBesidem this vork an investigetion hes

. been conducted of the absorjytion cross secti.m of argon and the comnarison

of the global decay curves Of thorium and uranium fission products has been
extended to a longer interval of time.
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Neutron Absorption of the Argonne Concrete Shield (A. Wattenberg, R. Nobles,
H. Lichitenberger)

The neutron intensity throughout the concrete shield surrounding the
Argonne pile was measured by placing iudium foils on concrete blocks which
could be slid into one of the 1*' x 1° openings at the center of the east
face of the pile. The table gives in the first column the distance of the
fail from the outside surface of the dead grophite of the pile. At this
point in the pile there are 16-1/2" of deed graphite. The second column
gives the saturated activity observed in the indium foils, the higher intensity
points being corrscted for the long-lived activity. The third column gives the
number of neutrons/see/em/K.w. It is clear from the data that a fast neutron
component is present and that it raises appreciably the intensity in the outer
pointz of the shield., 7For the =lo.. peutrons an exponentisl relaxation disbance
of 7.9 cm is indicated. It should be noted that the concrete blocks in which
the meacsurement was made were rather "egreen™ and it is possible that in tine
some [urther dryving out will tzke placs with a consequent loss in absorbing
power. Nevertheless, the number of nsutrons escaping from the shield is well
below the physiolcgical tolerance amount at the highest power {100 K.W) at
which the Argonne pile is ordinarily onerated., Gamma-rTay messurements on
the concrete shield have not as yet been carried oub, but measurements of the
gamma-ray intensity in the room surrounding the shield indicate that for
samra~-rays the shield is also ‘quite adequate. Some typical gamma-ray measure-
" ments are the following: 10! from the north face of the pile, .0002 R/K.W.H.;
directly in front of the lsad shield covering thé removable stringer, .0015
R/{.%.H.; on top of the pile midway between the center and side, 001 R/K.W.E.
Since the Argonune pile itmot overated on the average more then 10 X.W. hours
per day, it is seen that these levels zre well below the tolerance dose.

Table T

Distance of Indiuvm Foil from Crephite Face

o "In Counts/min. n/sec/cm® /K. W,

0 2.37 x 108 2,0 x 107
15.2 5.64 x 107 - z.1x 108
20.2 5.06 x 105 4.4 x 109
60.4 1.13 x 109 9.9 x 103
90.6 5.04 x 10° 440

10,8 8.91 x 102 78

151 1.88 x 102 16

Tests of the Iron Shield Proososed for "i® (A. Wattenberg, H. Lichtenberger,
R, Nobles, H. A. Fowler & J. M. West) .

Experimental shields of iron and mixbtures of iron and paratfin wers
constructed and the nevbtron and gammas-ray intensities were measured through-
out the shield by means of foils, counters, and elegtroscones. The iron
plates were laid up in a column’'5* on the side and thicknesses of iron up
to 207 and of ivon and varalffin up to 43% were tested. Scome of the resulis
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of this measurement and prellminary analy is are given in report CPa684.
A report containipg the compiete set of messurements will be 1°%ued in the
; future.

e P

The hbsorption Gross Section of Oxygen {H. Lichtenberger & H. Fowler)

The oxygen absordvtion cross section was measured by placing in the
Argonne pile a tube containing liquid COg., The duraluminum tube had &
isngth of 368 cm and an internal diametar of €.35 cm; the wall thickness
was 6.% mm. When filled it contained €150 grams of COp. In order that
the slowing down of the material in the tube should be canceled out, the
measurement consisted of obtaining the shift in the critical position when
the tube was filled first with CC, and then with an amount of pure graphite
which was $0 have the same slewing down -as the carbon and oxygen in the COp.
This amount of graphite was 5173 grums. The experiment was calibr:=ted by
placing cadmium wires of known cross section in the tube with the granhite
snd remeusuring the eritical position. Table II summarives the results
obtained. ‘ :

Table II
Critieal position
| ‘Corrected for Pressure
Tube empby end evacuated 0 520,94 em
Tube filled with 8150 grems COg . 55066 om
Tube = 5173 gms. AGQT graphite : 330.42 cnm
Tube 4 graphite + 6 Cd. wires ’ 326.66 om

evenly distributed along the length

Each cadmlum wire has a cross section for the neutrons in the pile = 1.0 em®.
The ¢ 5€KTy of each wire is estimated to be 1. 25 cm? and, therefore, the cross
section of the 6 wires added = 7.50 cm®. The displacement of the rod due to
the addition of the cadmimm was 3.77 cm and; therefore, 1 cm displatement =
1.99 cm®. The BL73 grams of AGOT graphite which were used in the tube have

, o (XT) = 1.299 cm®.. The sbsorption of neutrons in this graphive caussd a Shlf:
farther out of the rod = 1.299 = .65 cm. Therefore, if there :ad been no
absorvtion, bui uniy rewl s ve dham A IA M SID ;:;:“**ﬂ Fhn wacitior
of the rod would have been 330.42 cm #- 65 em = 331.07 em. The shift in position
of the rod due o the absoroiion of COp is 331,07 - 330.66 = .41 ¢m. The absorp-
tion eross section of the COp in the tube is .41 x 1.99 = .615 em?. The. carbon
in the COg produces part of the absorpiion -nd assuming that this carbon has
the same abgoyption crose section as AGOT gravhite, we find .56 cm® for the
¢cross section. Therefore, the absorpbion cross section of the oxygen in the
tube = .815 ~ .56 = .25 cm® and

a” (”3 L0011 x 10-24

Tnis measurement ig subjeet $o thvee principsl errors. (1) Error in the-
determination of the criticsl position. The actusl shifts cbserved are
rather small and it is sstimated that ther could be in 3rrcr by as mdch as
20%. Tn the cross scctzﬁn this amounte to 0004 x 10-%4% am®, (2} Veighis
of €0, and graphite. The grror hers is enltirvely ﬁag?iblhygi\liﬁ) Impurities
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in the graphite whieh ars not preseat in the carbon of C0_. This would mean
than in subtracting .56 em? for the absorption of the carfon in COs; t00 much
was subtrectsd and, thevefore, the oxygen cress section is underestimsted. IP
it is supposed that the boron Impurity which is known ¢ exist in the AQOT
graphite is absent in bthe C0,, then the oxygen cross section mag be increaged
by .0005. Thus the final value of¢(KT} is .0016 ¥ .0004 x 1024 cm2,

The Absorption Cross Ségtion'gg Aluminum for ihe Neutrons in the Pilse

Nineby-six of the Al. cans which are to be used for canning the metsl
for the "X pile were placed inside the duraluminum fube used in the C0p
experiment and the shift in the critical position measuyred. The shift found '
was 3,78 em and, therefore o (KT} of one can = .0783 om®, On the average one

can weighs 14.8 grams and, therefore,g (KT) for the A1. = .24 x 10-24 cm2.

Experiments in Progress

It has been observed that radioactive gases come out of the pile and
some work is in progress o measure the source of this gas and the cross
section for its formation. Some of this activity has been shown to be due to
argon in the air snd & fav largsr fraction of the activity is due to fission
gunses. Heavy water has been irradisted in the pile for some %ime and it ie
poped to measure the deuberium absorption cross section by comparing guan-
$itatively the amount of HO generated in deuterium and also in lithium for
which the cross section for the Tormation of HS is known.
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Capture of Heavy Vaters (Anderson, Molloy, Negle)

‘ A determination of the capture of heavy water was made by
observing the change in the eritical position of the control rod of the
Argonne pile when heavy water was substituted for graphite in 80 cells
of the pile. The amount of graphite which was removed was chosen %0
have the sawe slowing-down pover as heavy water. The results are given
in Table I which gives the change in inhours with the various substances
vhich were placed in the cells. .

Substance in cell Inhours
#1 21 cans 19,0 grams o W34
#2 AL cans 19,0 grams +* o35
#2 AL + 307.4 grems AGOT graphite 3
# AL + 68,4 grems Dz + 2,82
#1 A1 + 11.35 grans Fo + 68.4 gin D0 | « 6,12
#2 AL + 307.4 grems AGOT graphite + .58

The alumipum cans in which the heavy water was placed
sean tc be equivalent to the aluminmumn cans whlch were used in the
grephite part of the experiment. The addition of the graphite pro-
duced only 2 mmall change in the inhours, due to the fact that the
amount of graphite in the cell is very nearly optimum. The difference
in the inhours between D20 and graphite was 2,34, To interpret this
result in terms of a cross section, en iron bolt was added to each
cell, Tho change in inhours was -8,94. The oross ssction of an iron
bolt for KT neutrons was found t0 be .278 em? by comparison with Cd
wires., 'These results show that the decrease in the capiure cross sec~
$ion when DgQ was substituted was 0.0728 am® per cell, Taking
.00493 x 10~24 cm® for the cross section of A00T graphite, the cross
section of % & molecule of Dgd is 0.0008 x 1024 cm2, These ezperiments
show that heavy wator ies definitely superior to graphite as a slowing-
dovn medium, On the other hand, it is to be anphasized that the rew -
sults obtained for the capture of heavy water are subject to considsp-
gble errvor from several causes. BErzors of 10% in the value of the
crogs section of graphite, the estimate of the slowing-down powsxy 0OF
heavy water as comparved with graphite and in the detemination of the
izhours are all faixly probable, ¥or these reasons the probable error
in the result is several times lawger than the result itself. On the
" other hand, the conbamination by oxrdinary water vias about 199, which
would account for 21l the absoypbion observed. It may be concluded that
while the sbove measurements o not esiablish an accurate value for
the capture cross section of heavy water, they do indicate that is low
enouzh to affect in only a minor wey the design of heavy water planis.
If the indication of such a low sross section is borne out, saricus
consideration should attend the possibility of s homozenous plant.

a
o
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[N
<
3



CQ“?E,‘J

The %manga:;‘& Grephite Pile ab Avsommes (Lo Seven)

Standerdization 11150.“’11“’@1@&‘5‘5 on & B AGNT colupm were c@z:mle"red@
ﬂ’he density of the graphite was 1.8148 ”fﬁ&o/eﬂf»e The diffusicn length was
paken 0 be 48.73 cm. The indivm Poils which were standardized wewe
4 % 6.5 ew™ and of welght 2,400 greus. They were measuved on our nounter
set Doleth. Ra + Be sources IV anc} T wers usai amz thelr strength wes
taken 50 be 11l.%9 = 106 neutrons pey second by compavison with sources I sad
III. The vosonance activity was measuved end :‘w iemm:s bed by means of the
equebion

A{ﬂcﬁ.ﬁﬁd? = 24,8721 %/28)2 4 11,5868 - %fﬁ(’)z a7t 2/60} 8
2

vinich gives the In resopnance sctivity in counts pey mimsbe. The percentogs
of each mnge is given in Teble II '

Teble I _
' P L
Fmetz.@n In Range Themual s
~ om Range em - - e
A g
L4974 L 40, 45,3 |
,1393 | €0 . 62,8 :

i

From this data the themusl neubron density was salenlabed along the linss
given in CPA-8, Theresulls uwsres

1)

for the slowdng-dowmn aensmy o
arp = 0.00143 {CaTnGd} neutrons/em’/ sec
and for the thewnsl neubron FIBK w
v = 0,102 (In - 10708In0d) neutrons/em®/sec

The quentities of {CIInCd) end iI_J reprosent the saturated schiviiles in

counts per mimute as recorded an the sounter seb Daleth. In the equatica {2)

a mean fres path of 2,71 w wes v;'ed» A move complebe reporh deseribing
these measurements more in detall is fortheoming.

Interference Effecis wiih Themusl B &:;;,m&;m { inderson, Femul, and Woods)

On top Hhe ,&fgcrma pile there i
made of graphite £ x 5% and 3L laysrs hﬂ.m above
wora made 0 measure the boxrom cross section fov
the top of this column., The vesulis obbained was 5 2 emdfmole, which is
considerably larger than the velue 464 o /'vm Le previously obitained., This
indicated that probably the lower energy neutwzons penebrated iore readily
through large thicknesses of grapmte than do the neutrons in the higher

energy pard of the lagwell dis trlbu’%;:i cn. Further cxywmozsts indicated thal

}U&‘Q

Lkl ,,::rcﬁ.- em,mgiz from
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inserference sffects due o the crysital structure of graphite have o
considerable effect on the diffusion of neuitrons. A good beam geowebry
wes set up in order to study the crystal effects in a mors systematic way.
The gecmetry is shown in Figure 1., Ileasurements were made of the tobal
cross section of various substances placed either at position 2 or 3 in
the bean with and without a graphite filter 23 au long placed at position
1. The resulte ave given in Table IIIL. The firvst column gives the Subde
stonces used, the second gives i%s thickness in grems per P, the third
and fourth column give the logaritims of the trensmission and the botal
eross section in umits of 1054 em? per atom, respectively, as measured
without anything in positiocn 1, while columms five and six give these guan-
+i%ios for neubrons hich have becn filbered thyouzh 20 om of graphlte.
With the filter the absorpiion coefficiont in boron {pyrex} increased by

a factor of 3.5, This corvesponds to & reduchtion in energy by a factor of
12.4 for the neubtrons which emerge from the graphite filter. Such low
energy neutrons ave tranamitted through the fillter because thelr wave
length is larger then the lattice spacing in graphite cryebals. Desbruce
tive interference occurs for all dircetions except the straighi-through
direction, and conseccuently the only scatbering vhich occurs is due 0 ime
perfections in the cxysbals. Since graphite is a polycrystalline matexial,
Bragg reflection scetters all neutrons whose wave length is smaller then
the latbice spacing. Thus the scattering cross section for unfilbered nsu—
trons is 4.058% while for the filtered neutrons the value was 0.70B. A
similar effect was cbeserved for Be, '

@Uz@@ Cownr?er
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In the case of lemp black, hovever, the cross sectlon for the
unfiltersd neutrons is feound o be considerably not only higher than thab
of graphite, bub slso its value rose from 11 $0 14.8 vhen filtered neutrouns

were used. This increase may be szplained by supposing that the lemp black

atoms ave arrvanged in clusters whoss dimensions are smell comparved t¢ the
wave length of the neutrons. Since the atoms are not arvanged in a regular
way, destructive interference will not take place, Instead, the neuiron
waves of the scatbtered radizbion will be in phase snd the :c,ntenumv of the
scebtering will then become pxeportional 0 the square of the nuwmber of atoms
in a cluster rabther thean o the first power of this number as would be the
case for mmsller neutron wave lengths. The increase in the scatitering
¢TOSS section observed for pavaffin zmd for Dg0 is belleved dues 0 the efe
fects of chemical binding. For uranium the increase is due o the increass
in the sbsorpbion for lower energy neubrons. This increase is smaller thsn
for horon because of the more imporbant role pleyed in ursnium by the scaib-
tering.

~ The measurement of the boron cross sectlon was slso made using
s pavaffin filter of 3.8 a: thickness. The vesult was 368 an/mole, indi-
cabing thet neutrons which pemetrate through pareffin emerge with a higher
gversge energy. From paraffin fildered neutrons to graphite filtered neu-
trons the energy is decreased by a factor of 25, This should be useful in
studying the variation in muclear cross sectlons for slow ueutrons of dif-
fPerent energies. These effects reopen the qussiion of what is the value
of the boron cross section for the neubwzons of a given energy. It is
planned to resolve this difference by measuring boron cruss sechion for
indium resonance neutrons, the ensrgy of vhich has bmn measured 0 bhe
1.44 eve In addition an sbtempt will be made o use the moncchromatic
radiation which may be objained by Bregg reflection i’rﬂm a cxystal,

’.{":.‘a.ge TIx
‘ No rilter 23 om Cyephite Fiiter

S.ustance | gm/om® Log T & Log T o
Papaffin 0 d.244 «B5261 D8.4 Lodl% | 104
Paraffin « 2292 1,425 55,8 2,300 92,7
Ba 4, D2 <377 3.88 21 73
B@ 9@04: .}aa 695 2@82 @*@«2@; ?3:-
Gm})hite 12&?6‘ 26 65’? 4:9 05 . @ 455 ﬁ@
‘Lampblack | 1.69 8361 1L.0 Lo 260 14,8
'PYE‘BX « 543 s o 4BF 1.5

v 17.5 w097 LB.¥ 1580 3.4
D20 40558 2,008] 7.885 | 2.4Y5 | 9.44

954 01
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\ Neutzon Yields from Polonium Alpha Particless (Roberis)

\ :

\,\ Thick taxgebs of severul of the light slemenis have beeun bambarded

i with alpha particles from poloniuwmn. The neutrons wers detected by EFg counters

of known peutron yielde
[ from the source. The effliciency for counbting *C" neubtrons was sboul 0007
; pexr counter for the 7 am position and .C003 per counber at 12 cm. Renge mese
{  surements of the o particles indicated that the polonium source was pot suffi-
i eciently thin for high accuracy.

) in peraffin, The efficiency of delection was doternined by a Ra ¢+ Be source

Ho correction has been made for the effech

!
|
lMeasurements were nade with the counters 7 amd 12 e &
i

of the energy of ‘the emitted neutrons upon the efficiency of detection. It _
is unliksly +thet this correction would in any case awount t0 more than btwenty R

pemeﬁt a

an error of ten or twemty pevcent. ) ;
In all cases sxcept fluorine the clament was used.
was measured using CFe targst and connecting for the effect of (.
was checked using MgFg snd CaFg.
was teken $0 be Oxygen, and a corrachion was made,

X particles.

be issued g00n.

The Boron assayed 80% pure; the impurity
& complete report will

However, impurities in the target msy have intzoduced, in some cases,
The teble gives the neutron yield per 108

H
Fluorine i
The resuli }
i
|

_ 7 om 12
Elemen‘t. v} Der 108 v per ggsﬂf /
‘% N 029 ’ jl
g AL .58 267 /
\ B 18.5 25,2 /
Vo Beo 65,9 75.8 /
‘, ] <G 012 ;’
T Y5 e /
Mg 14l i
N o 3 !
Na 1.18 -
0 ~08 W07
P .02
Si 013

ze =z

&3
o
£



G L. Weil

Metal Testing

. - - ! - 5 -

The eritical positions of the control rod were determined with and
without 29.7 grams of iron wire wrapped around each of the 16 eggs in Lot #1.
The results of the measurémsnts Tollow:

No iron - Critical position 126.29 ik
Fith iron v " 121,80
OHNih due fo iron poisoning - 4,49 ih

The percent change in reproduction factor per cell caused by the intro-
uuctlsp of the iron poisoning can be caleulated from the following formula:z

D¥h=100aDdxf xW
b Vig

wheraiﬁ is the ratio of neutron density at the surface of the metal lump

{where the irom was placed)to the averageneutron censity inside the lumps; D is
the dauger coelfficient of irom, T is the tuermal utilization of the cell,

Wy is the average weight of iron per cell, and Wy the averare we; nt of

the uranium per cell.

&

The rafio-g cen be ealeulated for an equivalent spherical lump {radius =
2.94 om) dsqum iz a neutron density variation in~1de the lump of the form:

Stmnele
‘{‘
The ratio is then given by the following expression:

R
g @@3}[ﬂmuwCAViév - <ﬂQ§§M”% 5£'“}
5 SSe Clor Y TR o GRS - o R |

A AR e o e

R
Using Mr. Wigner's value Of<%)for metal of density 18.8 gms/em®

Q 24-' x 1808 = 9796

&

P4
f{‘l’:e

and with R = 2.%4 om

Ws obtain & 1,32

o'd

m

with D z 1.32 from msasurerments with CP #1
e \
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e cbtain

Ak e 100 x 1.32 x 1.32 x .88 x 29,? = 2.2% per eall
7887
and
2k = 8.2 = 0. 4%% per inhouw.
&ih 4.5

Tegting Procedure

e procedurs for the testing of billet samples has now been sufficisntly
dized to merit o brief deseription. .

The metal testing stringer consists of two sections, each section being
a eomplese sitringsy for the pile. This affords two advantages; first, when
naking the change between tests the pile intenwity remains constand, and
second, while the billet samples in one section are being tected, the otuery
ssetion can be icaded with the next Lot. The double length stringer is moved
back and Torth by means of 1/8" steel ceble which runs through the »ile, is
attached to woolen blocks at each end of the strisger, and is ound on hand
operated winches ab each end of the platform outside the pile.

, The critical position of the control rod is determined by the ~31 TEN O~
meter drifi method. The pile is opesrated at an inteasity of about 5 waitis,
sorresponding to a galvenomeber reading of 200 divs. If the contrel rod is
.1 inhour off the critieal position, the pile has sariod
U = 800 mins.
and the golvanometer will 4rifd
{2-R)) = Ry {e¥/600.1) aivision im

a time %. The drift is measured for three minubes, therefors,

{R-R,) = 200 (e~f000 1}

Co v o :
2200 14 3 -1 =1 aiv.

LI

LOO
This corresponds $0 a drift of 28 divs. the differentiszl golvenometer which
ig operated a% fTull sensibtivity Th & a arzf& measurenant of this sort is
aufficient b0 datermine + i

corresnonding to apuroximately

The drifis eorrssne&ﬁimg 30 twe contrel rod nositions ars determinsd
for esch Lot tested, A complete test, thet is from the besinning of one o
the beginning of t&@ next, taxes 8 to ¢ minutes. Since every fourih test ism
made on the sb teis means that ubcum 5 or & Lots of unknown

1]
3
guality can be tested mer bour,

Tn the pest month a total of 8% Lots have been fesisd,

G
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Gravhite Testing (B. Montgomery, V. Stasbler, & H. Vendersall}

To investizate the sensitivity of the Arsénne pile in comnecticn with
the testing of grophite purity, the critical positions of the control wod
were determined when the three removeble deald gravhite stringers were loaded
with different brands of graphite. The rerults are given in the following
table: Colum ) gives the brand of graphite whieh Tilled the three gtringers,
column . 2 ths averase of two determinations of the critical position, colum 3
the caange in critical position from thut for AGOT, colum 4 the atomic croess
section &s deteramined from sigma pliles, and colurm 5 the sensitivity.

Brand Orit.Pos. 4a34n g- x 1087 a0z 1087
inhour ‘ égzg

AGOT (10,11} 128.59 0 4,84

Speer 1 124.60 ~.99 5.49 .68

U.S. 122.14 - 3.45  .6.78 .45

AGX 121,66  .3.93 6.68 A7

The values of £ are to be taken as indications of the sensitivity of the
method, Hih since the cross sections given in column 4 are aversge values
for large amounts of granhite, and not necesserily the true c¢ross section of
the relatively small amount of matericl used in these tests.

From the above resulis it zppeared that substituting the graph 1ta in
the central portions of two stringers (total length 2847") would give suffic imnt
geneltivity. Such a procedure wss calibrated by poisoning each of th@se bric

with a knowm cross section of cr-dmium, and mersuring the shift in critical
vorition of the rod. The cadmium, in the foxm of c¢ylindrical pileces of diame ter
.101 cm and length 12.8 om, had & total meutron cross section of 1 omf per
viece. This corresponds $0 &5 gm of

Ggp =2 [395%1 «1.26 cn®
- TR\ 295
Since this poiscning was added to each grevhite brieck, the chanze in cross
section per abom amcunted to

LT = 1.26 = 7.5% x 10-27 com?
5. 09%1000 '

The observed shift in critical position of the control rod was
Dih z 7.45 inhours
Thus, for vhe sensitivity we obitain

AC” = 3,83x10-87 = 0.51x10~87 om® {1 omie) per imbour

oib 2B . N ;44;% 7l é«» bee i e

Raproduction Factor of Ulp

e

We repsived Trom Mz.
waight 21282 grams and Jdensity
testing stringer with the 1

oosing Lot #81, which is th

B
AR o L S Y

L
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The oritical position of the control rod for the two cases was:
[ critical position 10%7.70 inkours
Lot #el ¥ | " 110.36 inhours
or {2ih)i4 = ~8.66 inhours

Sinece our proviously debermine2 calibrations were made for ILots of

16 egrs, and also since the 1< varbide eggs were arranged in the stringer
in such a way that thelr sirset should be 14 of a complete stringer, we have

.16

{Dih)yg = ~2.66) = -3.04 inhours

rd?d'
> §

Calculating vhe thermel utilization (CP-272) of the eell ~-.vhining
UG? one obtaing

£ = 850

vhich ecorresponds o that of s cell-of similar size containing U mebal
hiving a weight of 2400 grims. ZFrom the weig:t corvection curve {CP-841)
we obbair

{£ih)weipht = ~2.90 inhours

and, therefore, the total change in oritical josition of the control rod due
to UCg compared tora mebal cell ravins an equel themmal uwtilization is

ik = ~3,04 - 2,90 » -5,94 inhours
From our previous calibration

Sk » 0.55 per inhour
&ih
we zet for the carbide:r

O g 0.5 % 5,94 = ~3.07 compared to U metal.
Safety Rods

3 i’g’.?;
7

: During the pash mouth Safety Rod #3

This rod, designed by My. Fermi, makes use of 2 1 C
The econstrucetitn ic exiremely simple and its operation bas
reliable, The rod cen be removed from ths pile in aboud
ugeful Por ceritain types of wmeasurements., The mesgnetic cly

mrlege 14 adewhehle Tor oathg

hag besn put inko opsration (G. Yomk).
T, - cluteh in its operations.
s proved to be very
o
(4

s making it very

o B o
0
]
¥

0%

of the neutron



33ty calibrati ion of +he Apgopne pile iz in gress. {H., Vandersall}

for g neasur@mept of the oxygen cross-—sechion {E. Monsgoms
-aebler & H. Vandersall) fthrough comparison of Be and Bs0 have been

‘ s &h 3u1a be aV&ll&b]e snortly.

enarations have also been made {X. hantgomery) for an experiment %0
& the effeat of placing Be nssr the meital lumps.

ring the past month Mr. Georze ¥. Mallinckrodt has joinsd our group.
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PHYSICS GROUP VI

- Jobhn Marshall

Comparison of Control Red Shapes

An experiment was performed to dstermine the efficiency of variocus
control ro¢ shapes. Three chapes wers tried, all having the same maximum
Gimensions. The shapes and dimensions are shown in the figure:

~

N T
J 1T

‘ 14"‘3A6"*J .
£11 were made of cadmiun sheet and were 80" long. The circular one wacs
wrepped around & steel tube. The rods were inserted to their full length
in o 4" x 4% hole in the side of the Argonne pile. The inner ~ond of euch
rod was placed seazinst the end of the hole., The table ~ivses the results
of the experiment.

Shape Criticsl Position | Imhours from Pilsi ,
c¢f Control Rod Calibruation Curvel =
4 %.5204 weters 87.0 36.9
1 %.5914 ' 90.7 33.2
O 35,4787 84.8 39,1
no.0d 4,26686 123.9 0

Thus 1t can be seen that the ratio of t.e effectiveneess of the cross shaped
rod to the flat rod is: + : 1.11
1
<nd for the ecirculer rod: 0 = 1.18.
‘ 1
Crocs Section of 08

4 rough nuusuve ~ent of the cross section for neutron conture of 018 wus
mede. 9 omd of ¢isbilied wuter wes vlaced close to the censer of the pile and
irrudizted for approximately 68.5 sec at an intensity of 2.55 x 109 LY or
6.4 x 10% watts, The water was then placed in a $ray under a counter and the
decay was followed. It decayed with aporoximately a 30 second half life snd
extrapolated to a counting rate of 108580/~inute at the eud of irrediation, For
infinite irradiation it would hove been 1REGC counts/min. The eounter wos tien
calibrated by dissolving Udg in HNOZ and diluting wntil the ecuivaisnt concen-
trution of UsOg would have been 17.9 mg/emd, This wave a counting rats of
57.6 coun$s/sec. Using the value of 10.65 disintegrations/ssc me of Uslg,
we Fiod that it is necessury o suddiply the ovserved counting rate by 2.5%
to et the number of disintegrations/sec in 1 cem® of solution. If we assume
trat the @ -rays of UXs are like those of 019 tien tiere would be 578 dise-
intezrationa/see/em® at the end of an infinite irradistion -t twis DOWeTr.

At this position ian the Argomne pile nv = .969 x 104 LI, 80 % 2t nv was
2.5 x 1010/em”/sec. Then the cross section of 1 em® of water for this nrocess is

47

&0
-~
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578 1o 2 231 x 2078 em®.
2.5 x 107
The cross section per oxygen atom then becomes 6.9 x 10-31 cm‘?, and since

018 nag =n abundance of .25, its cross section would be 3.5 x 10-28 cmf.
It must be emphasized that this cross section is based on the assumption that

UX, and 01? g -rays are very similar,
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EXPONENTTAL EXPERIMENTS IN THE WEST STANDS
P, Morrison
YWY Latbice
An exponential pile simulating the proposed "W lattice was measured in
toe last month. The construction of the pile and final measured resulis arve
heve sumnmarized:
. Lattice:r 8" square lattice, metal rods in AGOT gruphite; L = 50,1 om.

Cells T 25 2luminmm

%R Ames metal, mostly with T7.D.S. € .1; measured
density as used 18.8 g/em3,

Metal ' 1.62 em radius

Inner Al .05 cm trick ,

Annular Space .22 om thick " Measured vol. of space
Outer AL .15 em thick 2.08 cm3/em of tube

Al Spacers +22 X .45 em

Resultse for the Laplacian:

Pile - Laplacisn
i {air cnace only) £ trans = ~95‘§.2!10’5 em™® measured with
: gradient trans-
verse to rods.,

We {spoce Tillsd A trens = -59.8 1 3 10-6 om~® measured
p \space filisd
with tap waier)

" Weasured fraction of film space filled with water = .91 % .04
For 2.08 g Hz0/cm, »r 1.86 mm £ilmd £ corrected = -56 i_z?lo“ﬁ em=2,

4 measurement made with sources on the sides of the pile showed a negligible
o correction, ziving a vaiie for & long about 1 larger then Lsgyans.
Program

Yeasurements have been completed with different concentrzbtions of boron
in the water in an sffort to measuveths migration length. The A1 is being
removed and the Laplacian for the nmotal alons will be measured 10 serve as a
referance noint for the metal sampling program.

A debailed interpreiation of thess resuits will be reported by Mr. Weinhorg
K Tn general, it may be szid that there is subs

3 b
L » i
tial sgraenent with the theory on the efYect of a w f£ilm.
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Gyclotron Gmp w Artihur H. Sneli

Table of Contents

‘General '

Bete-ray Spestrcmeters

Thorium Fisasion Products

Slow Neutron Capbture Cross Section
of argon 40

- General ' ‘

: Most of the operating time of the cyklotron during the past
month has besn devobed to bombardments for the chemicel and health groups.
We have had ¢ st down twice for repairs. ' '

Bets-ray Spechtrometers

_ lir, Brolley is making a good progress in the design of & meg-
netic lens spectrometer. Mr. Nedzel has been estimating resolving powers
and computing line shspes for the semi-circular focussing spectrometer;
with & view foward a good compromise beiween such parameters as sourcs
length and source width, end defining slit width. He has glso started ine
vestigating the shimming rsquired on the magnet poles to give & sufficiently
uniform field at a radius of about 18 . ' '

We have borrowed from the Ryerson Laborastory a set of precision
Helmholz coils for use as a primary magoetic field standard.

Fission Product Decay Curves for Thorium :

‘ " Wy, Wilkinsonm and Mr. Levinger hewe contimed to follow the
decay of the lumped fission products of a thorium semple and & uranium
semple vhich were prepared simultameously in a 120 micxcampere hour acti-
vation carvied out on May 11. The thorium was activated with fast neutrons, -
snd the ursnium with slow neutrons, Small samples were used (80 mg) and
no chemicel separations of any kind were Lade: the natural activities were
measured pricr to activation and were considered as a constant background,.
The decay curve of thorium now looks very diffevent fyom that of the uraniumg
in particular, the thorium has relatively mors long-lived activity than does
the uranium. In fect, if one swuelizes the activities in the reglon up o
80 houre after activation {the decay curves are fairly parsllel in that in-
$ervel), dhen at 500 hours the thorium semple is twice as asctive as the
urapivm sample. The possibility that this mey be largely due to the 2-day
protoschinium 233 is baing invesvigated. Absorption curve data indicats
$hat there mey be same difficuliy in this explanation.

Neutron Capbure Ozoss Ssciion of argon 40 u
Wir. Rern has undertaken a measuvement of this quality, using

the Pollowing procedura: A few oo of argon gas {99.6% of which is 290)

an activated in o amall metel cell buried in paraffin near the cyclotron

target, together with some powdered manganese 43 & monitor. A& kmown frac-

tion of the sctivated gas is transferved to a thin-walled chember for count.

ing, and the decay of the ll2-mimute A% is measured. The monitor is counted

in similay geometry. Korn® s prosent velue for the capture oross sechion is

£1.0 £ 0.8} x 105 em?.




- 20 -

REPORT FOR MONTH ENDING JUNE 15; 1943

Group Leader -  Bernard T. Feld

Nuclear Physics -~ Experimental

The main concern of our group, during the past month, has
been with the completion of measurements of "inelastic scattering to
below the 28 fission threshold" for a number of elements. In these
experiments, the decrease in counting rate of a fast~fission chamber
is measured when the source of fast neutrons is surrounded by a sphere
of the element in question. This has been done by Mr. Bernstein for
three elements - Bi, Pb and Fe - using, for each, three different size

spheres.

The results are now being evaluated and compared. Prelim-
inary calculations, neglecting elastic scattering, for the intermediate
size spheres yield the following values of cross-section for inelastic
scattering:

oin (Ra-Be neutrons) Jin (Ra-B neutrons)

Fe - 0.98 0.87
Pb 1.25 0.90
Bi | | 1.51 1.23

The corrections for the geometry and for elastic scatiering
are now being computed and more reliable values of the cross-—-sections
should soon be available. . -

In the meantime, we are repeabting the measurement of the
fast neutron multiplication factor of U for Ra-B neutrons. The Ra~-B
source is being further studied by comparing its activation of wvarious
fast neubron reactions with the activation due to Ra~Be neutrons and
due to fission neutrons (from the Argonne pile). This comparison is
being made by the method of CP-412. The comparison of the relative
effectiveness of equal numbers of Ra~Be neutrons and Ra~-B neutrons has
to-date yielded the following (preliminary) results: ‘

o8 Fission Pln. »)  Al(n, p)  Al{n,=) In(n, n) In(n,z) I(n.s)
Ra-Be ' -
Fam O 1.07 Le7 o 0.8 1.04 1.6

In the past week, Mr. Richard Scalettar arrived from Wisconsin
to join our group - replacing Mr. Julius Ashkin. '
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THEORETICAL SECTION

"E. P. Wigner

The work éf our section in the past month centered around three
subjects. The Theoretical Group worked on more gene?al problems of ,
theoretical physics which are onlj loosely connected with anynspecial
project. All the members of this group were added to the section 1
during the last month: S. M. Dancoff, Irving Lowen, and Julian Sbhwinger°
‘The.second group, under Mr. Weinberg's leadership, worked on more general
problems of pile design, mulbiplication coﬁstgnt, pile contrel, etc.
Mr. Youhg?s group is engaged on the design of heavy water piles, particular¥
ly on s 1igﬁt water chled heavy water pile, The groups work, of'courss,
in close collaboration, and in some cases it is impossible to assign a
member of the section entirely to a definite group.

Mrs. Monk continues her work for Dr. Wheeler.

24
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THEORETICAL PHYSICS GROUP

M_r Ibser prepared two tables: one on the cross section of
 individual isotopes for thermal neutrons, one on the radicactivities,
obtainable by (» - n) reaction, the life time of which is longer than one -
cla_.ya
| ) Mr. S'béphenson wro*t,é two reports ih collaboratién ﬁth E. P.
Wigner: one on thg probable absorﬁtion cross section of Cd as funciion
of the energy of neutrons, the other on the mﬁltiplication constant of
homogeneous mixtures. Unfortunately, in the latter case, the old too high
absorption cross sec‘tlon was assumed for DZO and D, so that the correspond-—
ing results are incorrect. Accsrdmg to recent measurements of the
experimental section, the absorptl‘on cross section of D0 is eyen lower
than our figu.f‘es Wefe in the case of DyC so th’a’;, the corresponding

multiplication constant is higher than in that case. The caleulation

will be repeated as soon as the final cross sections are available.

Cont:.nuous » -ray Spectrum in «Decay - 5. M. Dancoff

A calculation has been made of the probability, during the o<
decay‘éf a heavy nucleus, for the emission of » radiation through
bremstrahlung in the field of fhe emitting nucleus. The caleulation is
provisional in that the Clgulomb parrier of the nucleﬁs is replaced by &
#square™ barrier, the constants of which are appreopriately chosen. The
pi‘obability for the o<particle to lose most of its energy through
radiation proves '30 be small and of the order of (3 x 10“6) :;' energy of
the particle in m:ﬂ_llon electron volts. The probabili‘iﬁy for the eﬁission

of a low energy quantum is larger. For example, a 5 Mev o particle has

o
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a probability of about lO“A_for radiating a quantum whose energy is
250 kev or higher.

The resultant » radiation intensity in R units has been -
estimated fér a pqiﬁt removed by one half meter from 1 kilogram 6? the
o« decaying substance. Because of absorption in the substance itself,
éﬁly 7 rays of energy above 0;5 Mev contribute appreciably to this

intensity. The » radiation is about 2 x 1072 R unité/houre

Rigorous‘Treatment of the Slowing Down of Neutrons - J. Schwinger

A rigorous expression haé been obtained for the Slowing down
range in a pure substance of arbitrary mass, based on the-asSumption of
isotopic scattering in the center of mass system. The formula correctly
reduces to that obtained by Fermi for slowing down in hydrogen, and agrees
with the usuai simplified theory when applied to.heavy nuclei. Un~
fortunately, the labor involved in an sccurate numerical evaluation
seems guite prohibitive, save poésibly in the case cf deuterium.

An approximate formula has been developed for the spatial
distribution of neutrons slowed down in a medium.éf high atamicvweightv
The density near the source is in agreement\with'that predicted by the
age equaﬂion, but approécheé an exponential behavior at large distances.

The transition region can be studied numerically without undue difficulty.
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GENERAL LATTICE DESIGN GROUP

A. M. Weinberg

Lattice Calculations

The multiplication constvants for various geometries using P-9

as moderator were caleulated by Messrs. Williamson and Stephenson. The

27

values quoted below are based on an oxygen cross-section of 8 x 107%' and

27

a D cross-section of la9 x 107 7'; in view of the recent measurements at
Argonne, the value for oxygen is extremely pessimistic. This is somewhat
balanced by the fact that the P-9 actually available will contain some

HZO contamination.

Radius or
Half Thickness

: of Metal at /Vel. of Moderaton)
Density Best Optimum (Volg of Metal / 4

Geomstry of Metal Moderabor M (in cm.) optim
Cylinders 18.9 P-9 ~1.111 - 2 and over Q7 at v = 2 cm.
Cylinders 9 P-9 1.123 3 and over
Cylinders L P-9 1.129 L to 5
Slats 18.9 P=~-g 1.31415 0.6 23
Cylinders 18.9 P-9 with

2.5 mm,

: H.Q0 £film 1.182

Cylinders 18.9 Graphite

soaked in

P-9 1.182 1.25 to 1.50 L3 at 1.25

The multiplication constant is k= 7 €/ »t 1,305 €/ nt,

The k loss due to the 2.5 mm. water film is mostly determined by the thermal

absorption of the water and much less by the blocking effect and added
slowing down in the water. The overall loss for a 2.5 mm. film is about
L% for a 1 cm. rod. The blocking effect is less than in the graphite

lattices partly because the diffusion coefficients in P-9 and graphite

-
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are more nearly equél énd partly because the absorption in ﬁhe P-9 is very
much smaller to begin with than the absorption in the graphite. The
siowing down is less important because, volume for volume, water is only
about 5 times as effective as P-9 in slowing (instead of 25 times in the
case of graphite).

Mrs. Castle has been calculating the fast effect in hollow
eylinders; this result will be useful in connection with some éroposals to
use empty tubes instead of rods’in the P~9 plant.

Dr. William Karush has joined the group for half-time work;
the will alsoc work with Mr. Wbllan and Mrs. Creutz. He is computing the
effect of annular shaped longitudinal gaps on the diffusion length of a
pile. |

The diffusion length in a graphite block containing parallel
rods of absorbing material (as in the W reflector) has been computed.

T+ is found that for "water rods® of 2 cm. radius, spaced at intervéls
§f 21.2 cm., the exact diffusion length is 6% lgnger than computed on

the assumption that the wabter and graphite are intimately mixed.

Efficiency of a Control Rod Which Absorbs Only the Thermal Neutrons - F.H. Murray
The eguations for a cylindrical pile with s central control rod

tlack to thermal nsutrons only were analyzed for the purpose of determin-

ing the éritical value of the reproduction factor k.
Because of the difference in form of the equation for fast

neutrons during the slowing down process, and that for thermal neutrons

with its new boundary condition, it was convenient to represent each

density function as an infinite series of functions JQ( Am?)e After

setting up the equation expressing the condition that the rate of

production of fast neutrons of age zero egquals a constant times the thermal

csh o 126
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neubron densihys coefficients of the same function Jg(éim?) on both sides
of the equation were set equal, from which én infinite set of equations
results. If the determinant of these egquations 1s equated to zerc, an
eguation in k resﬁltsg :

The following table gives the values which the mnltiplication
constant must have in order that the pile just be chain reacting, i.e.,
that its effective multiplication constant be just 1. Naturally the k
must be higher for the pile to be chain reacting if the rod is in than if
it is out. The figures refer to a pile of 15° radius and 25' height, which
is chain reacting without any control rod for a k = 1.0316. kl is the
multiplication constant necessary if the control rod is black only to thermal
neutrons. ko is the multiplication constant necessary if the control rod
is black for all neutrons._ It is.naturally higher than kl’ r is the

effective radius of the control rod.

r 0037 .01 L0175 .0336 .CL91
ky 1.03% 1.0%3 1.0379 1.0402 1.0419
1«:2 S 1.0%7 1.0381 1.0393 1.0415 1.0432

Mieration Length -~ G. N. Plass

The calculation of the migration length in a lattice structure
composed of lumps of a multiplying medium in a moderator has been
essentially completed. It can easily be shown that the diffusion length
is related to the thermal utilization in a lattice extending to infinity
in all directions (PZO) and the thermal utilization in 2 lattice of
finite sizs (P2 which is defined as the absorption of thermal neutrons

in U per thermal neutron produced) according to the formula

fnd
2. k 20 2
I~ = T 5 .
20 S
s A9 L 5T a2 £y A . d..-?'.’m’ ey 'T% k18 ~ -
k ig the multiplication factor and S =i L d'§“" k -~ where 5., 5,
1 =2 ‘33
S, are the lengths of the three sides of the rsctangular pile

3
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In order toc find the differeﬁce Poy = Poso it is necessary 1o
solve the diffusion equation for a pile with finite dimensions taking inteo
account not only the overall cosine variation, but alsc the individual
variation in each cell. Since one must take into account second harmonic
terms of the form [3 (§“?)2 - kgj f{r) in order to obtain anj change in
the thermal utilization due to the lattice structure, the actual
calculation becomes quite complex. Useful answers.have been obtained for
cemam ranges of rgs rl, a( Y ’tl’ Tag? Tl |

The migration length for value of T, and rq now of most interest
is given by the equation

2.k ( 1 ) .
L -~ 2 et 1 - l%f
%1% Pao \F20 ’

where ¥ is a correction term that is from 3 to 204 of the main term.

, To show the difference between the new férmula and the oid

1% = (1 - py) 1,2 ] the following table gives caleulated velue for
spheres with ro = 3.00:

3 1° = (1 - on) le 12 according to new formula

ja]

t
7.5 23h 2hiky
9 341 388
10.5 166 552
12 604 ' 705

Caléulations for other values of T have yebt to be made. A

detailed report will shortly be issued aboub this calculation.
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HEAVY VWATER GROUP

G. Young

Design (L. A. Ohlinger) of preliminary exploratory work
continues on a light water cacled heavy water pile. Two types of plant
‘design are being considered: one with straight through tubes, the water
entering at the top and leaving at the botfbam;‘ and the othér a U tube
arra.ngement which avclda ppenings in the bottom of the heavy water tank.
Amberofmmg&ms ofthsmetalwithint&eawlingtubeam
conceivable, of which the sing:lesb ia & small soldd rod ceutered by ribs
within the tube, as in the W plant. Another possibility is a metal rod
centefed within a metal pipe, with water flowing outside the pipe and
between theﬁpipe and rod. Mr. Creuté is investigating the extrusion of
such pieces. This latter gives a greater distance between tubes and thus
eases the structural problems; however, Mr. Ohlinger is working out the
construction on the‘basis_of the smaller spacing, to be on the safe
side.

Tn view of the current 70° limitation on alumimm coabings,
the whole coating problem is being re-examined since methods had been
previously ruled out on the basis of failure at 100°. " Mr. Friedman has
pointed out the possibility of running the metal uncoated, which
simplifies construction and avoids the danger of a loose coabing in a
high heat flow system.

Qur insdequate understanding of heat‘transfer to flowing
ligquids is becoming apparent, and estimates of the power sutput which can
be abitained are correspondingly uacertain. It appears that en experimeat

may have to be made To test each sericusly proposed cooling arrangensnt.
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Radiation Hazard from Proposed P-9 Pile at X -~ F. L. Friedman

| Calculations on the contamination produced in cocling water Dy
a P~9 plant with Al cdating on the metal have been made. They are
appearing in a CP reportb. Theée computatiqns éfe based on the most
recent total disintegration energies and include & as well as p*rays io
indicate danger in the water itself. The computation in CP-499 is used
as a basis and some work of Wollan and Coryell have been generously made
available for comparison purposes. Curves of fission product éctivity
on the basis of Borst's data were employed in finding the effect of
ceating failurea For a 3.5 x 10éKW'plant at X, the Mg27 recoils from
thevAi may border on the assumed permissible limiting concentration in
the water (corresponding to -1 r/day) of the river A table of permiss-
ible coating failure vs. holdup time t is given below for long times of

operation (ca 30 - 90 days) .

Holdup time 0m 1 hr. ld
Permissibie fraction

uncoated .0019 .013 .069

The most recent design constants of a P-9 plant have been employed
here (MUC-AMW-#5).

Some problems in X-ray shielding have been written up for
presentation in theyhandbagk and further consideration of refiector and
shield problems for small piles is in progress Seme formulae for the

siowing deown of neubrons around a homogeneous spherical pile and th

I-ray eccape under the same conditions ave glready available.




DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumnes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed hercin do not necessarily state or
reflect those of the United States Government or any agency thereof.



