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An estimate of the critical mass for U 235 wee determined by
measuring the neutron reproduction in 3»1/2-inche and Lp=1/ 2-inchediamoter
B -stage-material sphercs, surrounded by tuballoy and WC Tampers. A4 fission
source of neutrons was obtained from & beam of thermal neutrons from the
water boiler sbtriking a ﬂastagenmaterial target placed at the center of the
sphereso The Jostage meterial used is 7L percent 25, The multiplicetion obe
tained was determined by collecting £lssion fragments on cellophane catcher
foilso One foil was pleced so as to measure the fissions occurring throughout

the maes of the sphere while a second foll was used to determine the fissions

produced in the targeto
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CRITICAL MASS MEASUREMENTS FOR A 25 SPHERE IN Tu AKD WC TAMPERS

II'TRODUCTION ANL SUMMARY

This report describes experimsnts performed in February and
Marohk 1945 to determine the criticel size for a 25 sphere Lamped with urénium
and tungsten carbide. The e#periments wore performed using spheres of aboutb
3-1/2" and 1~1/2" diameter and of isotopic constitution of about 75 percent 25
The method consisted in observing the multiplication by the sphere of The neutrons
produced by 2 sourcs of fiseion neutrons plsced at the center of the spherseo
The source was obtained by allowing a beam of thermal nsutrons from the thermal
column of the water boiler %o strike a bolte-stege-material target plesed at tho
genter of the .sphere. . The muitiplisatien vae measured by determinimg the numbur ef
fissions taking place both in the mass of the sphere and in the source by
collecting fission fragments on ceilophane catcherso
The values found for the critical mass (with infinite tamper) of
3.00 percent 2€ {density 19) were 15,8 Kg for natural uranium tamper, and 13.8 Ig
for tungsten carbide tampero |
The regort contains the following sections:
Part Ao Experimental Procedure
Aslo Sphere and temper arrangemonts
A=2o HMeasuring technique
Part Bo Interpretation and Calculation
B-lo General conslderations

B-2. Caloulations of Fm/Fs (ﬁho mqﬁtggligaqgog
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Ao EXPERIMENTAL PROCEDURE

A=lo Sphere and Tamper Arrungements: A strong source of thormal neutrons was:

obtained by making a large cavity im the thermal column of the water bollev.
The cevity was 21" = 21" x 24" and wes made one foot from the end of the thermsl |
ecolumn. This pormitted a small target placed 22" in front of the columm to
"See" an 18-1/2" ocircle % £t back in the column through a cone of 21° apex.
Flux moasurements gave an nv = lol§ x 106/5(?! at the turget position. This gives
a fission gsourse of 1.3 x 107 neutrons per sed on the oi82ainchediemeter
target butiton of /S-Btag;e material when the boiler is running at l;pl/ 2 kilowattéo
Pigo 1 is & schematic drawing of the neutron beam port and the
tuballoy temper in front of the water iaoiler thermal columno The tuballoy
toemper consisted of two large hemisphoriocal shells 18-1/8 inch OD and 7-1/16
IDo Smaller nesting hemispheres filled up the central cavity so thet either
e 3-1/2" or L-1/2" lﬁmstago sphere could be inserted in the centero
The large hemispheres were mounted so that the splitiing plane
vas horizontalo The lower half vas mounted on @ teble of adjustable height.
The upper hsmiSphere could be ralsed and lowered in vertical guldes by means
of a chain holisto
The procedure for each bombardment vas as followso With the
upper hemisphere removed, the source assembly (Figo 6A) was inserted inte the
radial hole of the lower helf of the nesting spheres; the collesting sandwich
(Figo €C) is put in place; the upper half of the nesting spheres is assembled
about the source tubso The central spherisal structure is then roteted through
90° and the source-assembly tube pushed lnto the small recess in the cadmium coneo

This rotation of the spherical structure.és..neaassary ia. order to heve the mass

catcher perpendlicular to the neutron *be.m: Qgcn;j,hp,h;ﬂef,., thus minimizing the
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distortion due to the beam porto The final step is to lower the large upper
tuballoy hemisphereo About one minute wms required to rsmove the source assembly
and catcher sandwich after each irradiationo

A special) table and drawer arraagameat wore made for the WG tamper
bricks in order to be able to duplicate the short disassembly time required for
the tuballoy tamper. Figs 2, 3, L, and 5 show the tamper srrangsment in the
process of assembly for an irradiation. Figo. 2 shows the aluminum source
cylinder and catcher sandwich in place. Figs, 3 and l} show the assembling of the
25 gphere segmentso Figo 5 indicates the complete assembly in place ready for
an irradiation. The disusse@ly required the pulling out wnd tipping of the
drawer eand the removal with a hand clamp of the upper central WC blocko

The 2-1/8 x 2-1/8 x L1/l WG blocks were held in place by external
clampso A o010" steol sheet supplemented by side clampe was sufficient to
support the blocks over the drawer cavity. The large WC pieces were made
under the direction of Mro Balke, one seot with a 3.1/2" cavity and one set
with a L=1/2" cavity to hold the f-stage spheres.

Precavtions had %0 be taken to avoid contemination of the counters

and blank catcher foilso This was especially true for the tuballoy tampero

A-2o Measuring Technique. As indicated in the preceding section, measurements
were mde with 305" and L.5" spheres in both WC and Tu tampers. The essential
measurement in each case consisted of finding the ratio of the fissions occurring
in the sphere to those occurring in the sourceo It is unnecessary to make
absolute meesuremonts of these quentities if their ratio can be determined,

and this fact simplifies the problems of measurement considerablyo

Tho catoher foil tochnique f&?? 'dx!eﬁ.: to peferpine the number of
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fissionso Cellophane foils placed in the sphore and in front of the source
wers activated simultaneously axd then were counted on twe G=-M counters with
similar geonetry for the two foilso The folls were interchanged during the
sounting to minimize errors due to difference in efficiensy of the twe countorso

The source catcher (8) wos a cellophans disk o4BO" in diameter
punohed from 0.001" sheet. It was pleced in front of the source putton and
was activated by a disk of 25 punched from the same foil wiich wes uged t®
activate the m=ss cetchers to minimize any errors due to surface layerss Sinee
the flux at the source was much higher than that in the sphere, an sluminum
mask with a small hole was placed between the 25 foil and the cellophane. The
size of the hole vwas chosen for each experiment so that the counting rates
of the gource and sphere catchers were nearly the sameo The "mask ratio” vms
measured in a separate experiment described in the next sectiono The retio
was 22025 for the 305" sphere and 10016 for the Ljo5" spheres The arrangement
of the source assembly with the target at the center of the sphere is shown
in Figo 8o Some measurements were made with the target dise at R/2 and at
R a8 well as at the center (Table I.)o Calculations are given for the central
position only in this reporto

In order that the mass catcher activity be a true measure of the
fission rate in the sphers indspendent of distribution, the catcher assembly
was placsd in s diametrical plane ol the sphore perpendicular to the boiler
beam,and aluminum shieclds were placed between the catcher and the activeting
foils to leave an exposed arsa proportional to ra, where r 18 the radial
distance from the center of the sphere. The shape of the shield is shown in

Figo €Bo The 1/2" diameter hole in theségmo‘égar.gms hoddeli *to allow room for the

APPROVED FOR PUBLI CeoREISEASE °e
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source assembly. A correction for this hole as well as for the beam part

was made in the finsl caleulations.

The sphere or wass catcher (M) was arranged to have a large surface
area since the flux in the sphere was rather low and tho meoan-free-path largeo
The mass catcher "sandwich" is shown in Figo 6Co As cen be seen in the sketch,
The celleophane foll catches fragments from six surfaceso HMetal templates
were used in cuiting and punching the cellophene from 0.00L" sheet. The catchors
for the 3o5" sphere were 305 x 11.75" and those for the Lo5" sphere were Lo5 x
1Ls75" Tho o010" cadmium sheeta shown in the diagram weroc used outside the
sandwich to stop stray thermal neutronso

The G-M counters used in tho experiment are spscial dural counters
7al/é" long and 7/8" ID with 0,007" wellso The thin portion of the counter
is 621/2" long and tests showed that the counters are essentially constant in
response to beta narticles over a length of snl/é"o The central wire of the
counters is 00005" tungsteny the counters are filled with alconol (pressure,

1 om Hg) and argon (9 om Hg)o The counters start to operate at about 850 volts
and have plateaux approximately 150 volts wideo. The background count is sbout
100 per minute when the counter is placéd vertically in & Pb "pig" behind the
Seft concrete-earth wall at Omegro

The irradiated mess catcher was rolled on a dursl sleeve with
0-003" walls which fitted snugly over the G-M counterso A Fb reflsctor was
slipped over the sleove and catcherc In order that the source catcher disk
be counted with similer geometry, & cellophane blank of the same size as the

mass oatcher foll was wrapped on the second sloeve and the source catcher was

?§ %P the gelflophane wes about 1

placed in the middle foldo The absorptig

APPROVED FOR PUBLI C RELEASE
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per ocent per layer and there were either 5 or & turms (depeading on the size of
the sphere) in each counter assemblyo

Uncertainty in tho resulte due to slow drifts of countor sensitivity
was minimized by interchanging the source and mass catchers on the twe counters
during cach counting c¢yclec It vas found by experimen®t that equal total
counts were obtained in the periods 3 to 605 mino, and 7 te 13 min, (time
measured from end of a 1l0-minute bombardment), so this schedule wes followedo
The power of the boiler was edjusted se that eppreximately 20,000 counts were

obtained in sach intervalo

The experiments were run on a 2l-minute schedule as follows:

M = mass catcher S = source catchep
Timo, minutes Operation
0 Start bombardment Noo 1
10 Stop " " ow
13 ¥ on Counter I, S on Counter II, start couant
1605 “ " " " o 8top count
17,0 S on Counter I, M on Cownter II, start couat
21 Start bombardment Noo 2
23 S on Counter I, M on Counter II, stop count

During the 10 minutes between the end of the oounting on Roo 1 and the start
of the counts on No. 2, the cowmter operators take 3-min. ;baokgroundn with each
of the holders for M ard S and run & 2-min.stendard counto On exch successive
run, the ordexr of counting was interchanged between M and So A "cadmium run"
was medo at intervals so that the offect of the fastw-neutroa backgroumd could
be taken into account. In the cadmium rune tke .t.zsuafg p.rotie.dure was followed

with the exception of placing a 'disk of cbedmizdr 3o Zlovds of* the source assomblyo

APPROVED FORI PUBLI !!R EASE®




APPROVED FOR PUBLI C RELEASE

P4 . : eea .

s 090 o aee : : ...
®6 002 000 000 veoa

(4 (4 L[] 2 :“

L4 - e oo ¢ o

® . ] ® P ¢ e

e o o o e o T .

- 9,“0 . Sp0 pee apn

Each measurement comsisted of at least 10 rumns, The date were
analyzed as soon &8 each run was completed to maintain a continuous check on
the operation of the apparatusc

The date thus obtained require two additional measurements basfore
they can be used to compute the multiplication due to the sphere: 1) determina-
tion of the "mask-ratio" of the source mask and, 2) measurement of the penetration
of the boiler nsutrons into the sourse plug to determine the effective depth
of the sourcec These measurements are discussed in ths following ssotionsc

In order to develop the above measuring technique several runs wero
made initially using normal uranium for the 3«&/2" sphore ané the catcher foilso
The type of decay curve obtalued from the catcher folls is shown in Figo 7o

Table I shows data tuken with the 305" S ~stage sphere in & uranium
tampero. In using the counter-switching teshnique desoribed two correstions x
ond y had to be usedo ywas a correstion for a difference in efficiency of
the twe counters, and x wus a correction applied te take care of any difference
in ‘total number of counts occurring in the two time intervaels used: 3 o 605
minutes, end 7 to 13 minutes, as mentioned aboveo

These correction factors dropped out in finding ¥/s =J!Aexy/82xy

where S and M were interchenged on alternate runso

Counter Noo 1 Counter Noo 2 Time, minutos
yH S 3 %o 605
xys =M 7 to 13

APPROVED FOR PUBLI C.F\’.EI:EAo Ee’ ees %ol
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A-3, Mask Ratio for Sourceo The "source cellophane” caught {'ission fragments

produced by the capture of thermal neutrons in 7307 percent enriched 25, The
"mess cellophane™ caught fragments produced by the capture and subsequent
multiplicatio.n of *the progony of these incident neutrons in 73.9 percenb-average
material for tho 3:»1/2" sphere and in 7607 percent-average material for the
lx1/2" sphereoc The ratios of the sotivity of these two foils were for both the
spherea 10 and 20 respesctlvelyo

In order te avold uncertain Geiger-counter corrections, it was de-
cided to absoro some of the activity of the source, snd thus equalize the
counting rates of the source and mess cellophane foilso. This was done by
placing between the 25 source plug and the csllophane catcher s o003" Al disk
with a hole in its middleo %hus only the fraction of fragments which went
through the hole was caught in the ceilophanm, The ratio of the activities
with and without the Al mask is known a3 the mask ratioo In the final
ocalculations the value of this mask retio enters direotly, so it must be well
knowno |

In determining this quantity experimon‘ballly (it was not calculable)
equal counting rates for equal bombardment times again were desirable. This
meznt using different boiler powers for runs with and without mask, and
Obtaining in some way a number proportional te bv at both powers. The first
dovice was a smell) 25 chamber placed in the front of the thermal column. This
gave erratic results for reasons which were never asoertsined, wiile the celle-
phsne foils for successive runs at the same power agreed to within at worst 2 per-

cento Believing this meant that the boiler was actuslly constant for each

powor setiing, about 25 Mn foile the sizgeandesimpe of the seliophane were cuto.

)
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These were used as monitors for individual irradiations by placing them in
the front of the source assemblyo Here again, when the mask was off, the in-
cident neutron beam was madeo only 1/20 or 1/10 as strong as with the mask ono
This meant that thers vould be great differences in the ocounting rates obtgined
from the ¥a mouitors.

This difficulty wes oliminated as follows: a different Ma foil
was used for each irradiation with mask, whilo the same Mn foil was used for
a series of irradistions without the mesko The number of runs in this series
~ was approximately equal to the value of the mask ratio, s¢ that 1f this series
were completed in about one hour, all ¥a foils would be equally activeo

In order to omploy this technique it must be true that all irradiationt
of the single Mn foil aere approximately sgual and that saturation is not
reachedo Then from the following, where At = measured ectivity &t end of_
all bombardments Agq, A0 130005- = initilal aotivity had each irradiation

been on a dead foilg tl’ t,0e0% 0 = time from middle of each bombardment te

2° 73
time of counting; one can find the average initial activity of the series:

At rt At
Ail/e +A12/° +A.13/e + .Ag

since all Ai"s are equal

——— n )&t —— b ¢>xt
Ai _s_ll/e =AtorAi=At/%:o

and the msk ratio _F:enophana activity’l : E}elloghano activity]

L E(m) J 10 m,,7/ E; (i) | mask

The eotua) mask ratios obtained were 22.25 for the 3-1/2" sphere ani

10,16 for the Le=1/2" sphereo e 20 REE IR
..= ..: .:‘ ..: .:. ...
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A<lic Determination of Effective Depth of the Source. Te determine the number

of fissions in the source, from the "source catcher cellophans” it is necessary
to know what fraction of these fissions 1s caught by the cellophsneo

Let the activity of the cellophans be proportional te Ny: then, since
the cellophane is on the front surface of the source plug, the total number of

fissions in the source is:

o0
=KfA .
X, &o X ‘ax = Nh

Where x is the distance into the source from the cellophane expressed
in gn/en® end A is the so-calied "effective depth"o The integral is taken from
0 to e because the depth of penétration of thermal neutrons inte the source is
so smll that the source plug may be considercd infiniteo

Because of the energy distribution of the incident neutrons, A is
e slowly varying function of xo Since this function was unkrown A had to be
detormined experimentally.

In place of the solid source plug, five small 25 dises wero placed
in the source assembly. A cellophane catcher was inserted successively between
each disc as shown in sketch belows This whole assembly was irradiated at the

end of the Cd cone a short time for each position of the celiophane.

25 discs
_:Zj <..source plug
e LRI B R /)
4\
cd AIT  cellophane egwaker = A.l llwl.d?r
disc in posi‘bioh5 oo o e o %
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As the catcher could be chenged rupidly, it was possible to hold the
boiler at constant power throughout a complete serieso

: was obtained by numerical integration of the experimental curve of
Ii/IO as & funotion of gme/?m2 of 25, where I, is twice the activity of the
aellophane at position 1 (since it ceught fragments on one side only), and I,
is the activity In any of the other positionso

Fissions originating from the thermal neutron beam produce fast
nsutrons. A small percentage of these neutrons are captursd within the source
plug resulting in secordary fissions: Since these secondary fissions should
not count as part of the source a correction vas made in the experimental
curve to eliminate themo

The inscouracies due to the fact that the cellophans catohes some
fragments originating a.' finite distance on each side of i%, and due to the
thermal leakege out the sides of the source plug, have been neglected since
these errors are well within other experimental errorsc

The final integration of the corrected experimental ocurve gave
885 gme/an® for the effestive depth in the discs of isotopic comstitution 7L4.O1
percent. The effective depth in the source (isotopic constitution 73.7 percent)

2
was therefore .886 gms/cm o
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B: INTERPRETATION AND CALCULATIONS

B=1o General Considerationss Throughout this report the multiplication of

an undercritical system is defined &8 the ratio between the total numbor of
neutrons produced in the system to the number of neutrons procéused in the sourceo
In the experiments described previously, the source is represented by the

fission neutrons emitted by the tarpet button at the center of the sphere when
thermel neutrons are absorbed by ite Let ¥p be the wvelue for thermal neutrons
and Fy the number of fissions taking place in the sourceo’ The number of neutrons
endtted by the source is given by

YpF (3)

Let ¥y be the ¥-value for the fast neutrons that produce fissions through the
mase of the sphere and F the number of fissions taking place in the mass of
the sphereo The number of neutrons produced in the system is
¥l (2)

The multiplioatién as definédwpreviously 18 the ratio of expression (2) to
expression (1)o In the following we have assumed that ¥p = vgo The multipli-
cation M is given therefore by -

M =F/F, ()

The multiplication ratio obviously becomes infinite when the

system is just criticelo Its value can be expreased approximately as a
function of the ratio r/ro of the actual radius of the sphere to the critical
rediuse In the range of radil over which we have experimented the relationship

oan be expressed with the following approximate formula :

1 1-1‘/:‘ o‘f..:“» ® o o @

B % L6/t o ok 33«5 3 o3 3% W
o VEO 200 G090 000 e

APPROVED FCOR PUBLI C'F\’Eigs! “e® ee? el



APPROVED FOR PUBLI C RELEASE

- 15 = ‘::

This empirical relationship we.s obtained by calculating in terms of the

Serber theory the critical radii and the multiplication ratio for spheres tamped
both with uranium and tungsten carbide tamperso Plotting M versus r/r‘ in all
these cases one finds that the points lis very closely on & single curve
represented analytically by equation (L) for the interval r/re from o5 to 1.00

| Four experiments wore performed with spheres having diameters of
approximatelsr 3.5 ané Ljx5 inches and with uranium and tungsten carbide tamperse
The spheres were assembled out of pieces of not identical isotopio constitution.
Alss some gaps were left due to the imperfect fitting of the various pleces and
of the cevity in the tamperc Proper averages have been taken for density and
isotopie constitution. The values used are summarized in Table IXo

B~2. Caloulations of Fm/F. o In determining the number of fissions Fm and F,

teking place in the mass of the sphere and in the source, the assumption was
made that the activity of the fission recoils 1is proportional to the number ef
fissions. Since the fissions produced in the mass are duse to the i‘ﬁs‘k neutrons
and the fisalons in the source are duo to0 thermal neutrons, this assumption
may be slightly In error. No attempt vas made to correct for this factore

Lot us indioate by M amd S the activities of the mass catcher and
of the source catcher corrected for cadmium as described in Part A-2o The |
values found for M/S in the four cases investigsted with the source at the

conter vore:

Value Sphere Tamper
1,057 for 3.1/2" U
10150 " 3.1/2" We
0998 " L1/2" U
LAt b/t i vcé

APPROVED FOR PUBLI C !!!&E I ¢ e
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From these values one can calculate the ratio Fm/Fa by the following procedure

that we desoribe in detail for the case of the 3-1/2" sphere and uranium tamper
Let £ be the number of fissions per unit mass. If a ocatcher of

area 5 is placed in front of the material its activlity will be proportional

to £8 or in case that f varies along the surfece of thé catcher, by the integral

Activity = Kf as (5)
The proportionality factor can be omitted since it vanishes in taking the ratioo
The number of fissions F, taking place in the source is given by

Fg = £aurface ° depth (gm/cme) » area of sourase (6)

where £ indicates the mean value of f at the surface of the sourse.

surface

The depth is determined by the depth of penetration of thermal neutrcns. Its
value has been found (see Part A-l) te be 886 gms/emao The activity of

the source catcher is piven on the other hand by

1

8 = B Tetio

o P ° grea of source (7)

surface

where the mask ratio determined in A~3 is the fastor by which the intensity

of the source catsher is reduced by the mask placed in front of it. Its values
are 22,25 for the 3-1/2" sphere and 10,16 for the L-1/2" sphere. From (6)

and (7) ws obtain |

Fy = mask ratlo > depth © § = 22,25 © ,886 ° S = 19.718  (8)

A further correction should be applicd in order to take iute account the facst

that the sourae leses effestiveness because of the hole that is necessary to

lead the thermal neutron beam on 49 ito The effect of this hole is that

seme of the neutrons that aro emitted by the fcc.iuryfa in a Sbebkgard direstion
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are completely lost to the system and the rest hit the material at a greater

distence from the center than they would in the case of a soiid sphereo The

loss of effectiveness due to both these happenings has been estimated using
the distribution function of the Serler theory and has been found to be -930
for the 3-1/2" sphere and -9Ll for the L~1/2" sphere. Introdusing such corrsctiom
factor we find for the effective walue of Fs & result -930 times smaller
then (8), nemely :
F,(offootive) = 29-71 x 0930 S = 18033 § (9

The number of fissioms taking place in the mass is given by:

R 2
Fo =L!.np§ f(r) »<dr , (10)
@
The aotivity of the mmes cetchers is given on the other hand bys
R
M=6°2n° (315/360) g {r/R) rdr £(r) (11)
°

where the factor 6 is due to the fact that the catchoer had 6 surfaces collscting
recoilse The factor (315/360)r/R represents the fraction of the catoher at the
distance r from the center that is not covered by the mask (see description of

the mask in Part A=2)c

A correotion factor must be applied to take into account (a) the
fact that the catcher does not reach to tho center of the sphere; (W) the fact
that the folls placed in front of the catcher had an isotopie ratio slightly
different from that of ths ﬁass of the spherej and (¢) the fect that the catoher
foile had a diameter slightly differeat from that of the sphere. The correction

factor amownts to 10078, We find
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Fm/ﬁ = sorrection factor ° (1/3) (360/315)cR

(12)
= 1,078 ° (1/3) ° (360/315) © 16.92 < LolLBl = 31.17
From (12) and (9) we obtain finelly
F /Py = (51:17/18033) W5 = (31c17/18:33) 1.057 = 1.797 (33)

A similar calculation can be carried out in the other three ceses: The results

are summarized in column § of Table II.

B-3. Calculation of the Critical Mass. The procedure followed in calculating

the critical mass is summarized in Tuble II. The uncorrected critiocal radius
re given in column 6 of the table is calculated from the measured values of
Fh/%. given in column 5 and the actual values of the radius given in columm 2,
making use of formuls (L) . Three corrections are apnlied to the critical
radius as indicated in columns 7, 8, and 9o The corrsction to infinite tamper
given in column 7 has been calculated with the Serber theory %y increasing the
effective absorption of the tamper in order to take into account the added
loss of neutrons due te the finite sizs of the tamper. The density and isotople
constitution correction given in columms 8 snd 9 have been calculated using the
relationship recommended by Oppenheimer

critical mass ~v p°1°h C°1°8 (1)
where ¢ is the fraction of 25 1n the active materialo, This formula can be
re-writteor in terms of the oritlcal radius as follows:

eritical radius ~u s:f““’8 c=°6 (15)

The last column of the table gives th® critical mass .ir.. grams for pure 25

of density 19 in an infinite tamper of uranium.or tungsten carbide. There
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is apparently some systematic error in the procedure because the oritical
ma.s8 a8 oalculated from the experiments with the 2-1/2" sphere is slightly
lower than the critical mess calculated from experiments with the L.1/2"
sphere for both tampers. We believe, of course, that the meusurements with the
larger-sized sphere are more reliableo As a conclusion of the experiment we
have therefore the following values for the critical mass:

uranium tamper -- 15.8 Kge

tungsten carbide tampere-~ 13.8 Kg-
These veiues refer to 100 percent 25 of density 19 and to infinite

tampers
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TABLE I.

Data for 3:5 imch 2% sphere in Tu tamper

Rum M Mx My Mxy 8 Sx Sy Sxy
() Normal Foils for Miss Catcher, Source at Center
i. 2640 2662 13280 13910 0.195
2. 2860 2776 14790 15230 0,188
ev. 00182
gd. 128 179 19,2 «& &¥o corrs 00942
(b) Source at Center
1. 17220 18170 14400 15370 1.183
2, 17L90 18580 13900 15100 1.243
3. 18000 19100 14680 1,218
Lo 17380 18790 14720 15300 1.203
5o 18010 19130 15580 15970 1,203
6. 2017  18Lgé 15949 17171 1.167
7o 17914 18803 15340 15360 1.189
8- 18496 17350 14707 15090 1,202
9- 16320 17056 822 14860 _i.12h
8vs 1,192
sadnium ave corr. 0.889
(@) Scurce at edge
1. 10700 10790 19200 20200 0o5Liy
20 10820 11500 19230 20940 00555
3. 10720 11170 20040 21210 00528
8vo005042
Cdo 870 elo 89 57 a¥o sorrs 0.917

/&
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TABLE J. (Continued)

z
Run u Bx Yy My s 8x Sy Sxy M xy
Sexy

(d) Source et rR/2

i, 15030 15700 2%220 24190 0. 649
20 i48lc 15710 22100 23000 0.675
. aAve a
od. 1243 1350 <38 <166 ave coris 0:3915

Averages for 25 sphere nessurements

Tamper Coro - u/s ) Catchers Cdo. correction Cdo corrented
fu 3,5" 1.192 center 25 887 1,057
Ta 3.5" 0.5h42 R es 917 0-497
T 3.5" 0,663 R/2 25 0915 0607
Tu 3,5" 0,192 center normal oSL2 0,181
WC 3,5" 1,176 center 25 o97E 1.150
we 3.5" 0561 R 25
WG 3.5 00688 R/2 25 29T 0.672
We 3.5" 001§8 center normal QL2 0.187
WC Lo5" 1,229 center 25 938 Lokl
wo L.s" 00582 R ' 25 =910 0.530
Tu L.s" 1.276 eenter 25 o 7T7é 0.998
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25 Acltivator Fou

) 1
LA/ Tube 498 00 x.008wall
25 Target 'Plugs

Is

~.,003"

.003° Al. Masx
.00i" Cellophane Cdtcher. .
Cd Tube .48270.0. =.012" wall
Fia. & -A Source Assembly P
Pirfs  separated to show detail , Cd tube :
is pushed in flush with Al tube.
cd ¢d
Catcher
25 /.\Q 25 25
i
1</
s
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L
0 I I O I I N
s ‘:L"LT:“-’{ IR AT
£ 0 :I:::Eff;!iza
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Fic & -B . ' l
“r*" Mask For . s .
3% Sphere :
fira 6 -C /‘"asé Catcher
Assem b'_y
’ :.E [ 3 2 .E. E.E‘I :..
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