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RELATIVE PHOTO:'-NEUTRON YIELDS FROM THE 330 MEV BREMSSTRAHLUNG 

W., M., Jarmie,~~ L. Wo Jones., and Ko M., Terwilliger 

Radiation Laboratory,~~ Department of Physics 
University of California,. Berkeley, California 

January 12, 1951 

Abstract 

UCRL-iOS3 

Relative photo-neutron yields were determined for 50 elements bombarded 

by the 330 Mev x-ray bremsstrahlung of the Berkeley synchrotron. The deter-

minations were made at 90°. to the beam axis with a BF3 proportional counter 

surrounded by a paraffin moderator. Total relative errors were between 4 

percent and 12 percento Absolute yields per unit beam energy were determined 

using an Argonne calibrated Ra-Be neutron source, and the beam energy measure-

ments of Blocker and Kenneye Relative yields for the elements above Z = 30 

are proportional to z1•7
o Yields for elements of low Z show a correlation 

with the binding energy of the last neutrone Angular distributions of photo-

neutrons were briefly investigated,~~ and a Pb transition curve for photo-neutrons 

was run. 

(\ 
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RELATINE PHOTO-NEUTRON· YIELDS FRClfi THE ... 330.: MEV? BREMS:STRAHLDNG' · · · 

w. M •. Jarmie~ L •. w •. Jc:mes: .•. and K~. M •. T.erwi:lli.ger.-

· .Radi•ati:on~ Lahoratory6:,.'D'epa:rtinent- of Phy:si:Cs:. 
Uni vet:"si ty of California,. Berkeley • California 

. r: .... 

January· 12 6 , · 1'951 

Previous: tb July~ l'950~. workers. a:t thee Gen·er.ai El'.ectrfo~·. :j.aboratori'.es:. had. 

determined yi·elds f'rom some. (Y,n). (Y:;2n}., and:: (Y;n:p:): reaction-s: by;r s.tudyih:g·ti'lie;. 

induced. activi ti:es~~.. Kers.t2- ha:d studi'ed .. relati-ve. neutron· yi1eTds· for.·· over.··5o.· 

elements· from· x~·rays:·oi"' the 22:->ME:nr· Illinois. betatron· O:y· neutron: counti'ng·~, 

Strauch~~ had. stud5:ed a few re'ac:tions by.ri;nduce&: acti:v±'ti:es;, a.nd.::wfth~ tr.ans:Lti'on~. 

curves had dete-rmined the··reaction energi:es'. for: these r.ea:cti:o:rrs,.;. fi:nding· reson-~-

ant energies·; as; high as: 80: Mev.;. 

In ~Hi'w of: St'r'auch' s .findings:;: a .. c'omprehensive: s.tudy-was· made· o·f photo--

neutron yi·el'ds from the· 3'30 Mev.· x.;.ray· brems.strahl\mg': hy; a .. di'rect neutron~ co:unt,_. 

ing exp·eriment .• · 

Briefly, the experiment here described consis·ted~ of:' bombarding· vari'ous 

elements with the x-ray beam of' the synchrotron and· countin:g the ej~_ct:ed: photo

neutrons in a direction 90° to the beam axis· with a.: BF3· neutron counter•. 

Experimental Proce·dure 

The boron trifluoride proportional counte;: fil.l.ed to one atmosphere wi.th:. 

90 peroor.rt; BlO boron trifluoride, was 10 inches in. length, L 1/4. inches- inside, dia-
. . 

meter, and in a I/8 inch brass envelope, with a 3/16 inch brass cap over..: the 

front· end. This counter fed its output dir.ectly into a cathode fo11:ower: mounted 

in the same brass case that held the counter•. 

The cathode follower output was fed. into the s.tandard· UCRL 125 ohm~ linear· 

amplifier input. Its output was fed to the input.- of> a. scaler~ The, count.er: tube. 
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was operated at 2300 volts. l'h;e combination of, .counter vol"OO.ge 1 . amplification, 

and dis criminator s ett.ing wals. ,cho ~en from· runs_ . with· t!te 5 :mg . Ra-;se neutron 

source and a pure Ra sou.r.c~ .(o.£ gam,m.a rays ,only) as optimum for h_igh neutron 

counting efficiency and co~pl~te discrimination against g~a rays. and noise. 

The counter was found to vary slowly in sensitivitY over a period of hours • 

. In order to coUnt high energy ne~t,ro:p.s. ~his counter was ~mbedded in a 

cyl~nder of paraff?::P.: ~:, inche~ .. in di~eter and. 10 incheS! long with a 1 1/2. inch .. 

hole .a:long the ~:~.xis for t~e counter •.. · ,This cylinder was_ contained in a 1/8 inch 

brass cy~i:nder with. a, 62 mil_ caclmillll1 she,et; over it. Outside this, was another 

3 .i:p.ches of paraf:fin and yhe entire, structur~ w~s contained in· :a brass case 

which could bt3 moved'- easily by aJ1 overhead crane. A cross •Se_ctionc of' the coun

ter showing its geometry is given in Fig. 1. This geometry is given in Rossi 

and Staub4 as h~y:!.ng a un~form_, response. tq neutrons of ail. energies t<;> 5 ldev • 

wij;h the sensitivity dropping pe_:rh~ps. 20,percent at 5 Mev. ·Kerst* mentions 

that his laboratory has estimated that a similar counter is 60 percent as ef-

ficient fo_r 15 Mev ne:utrons as for low ene.rgies • 

. : A check. showed th~t the q.ounting rate increased slightly as the Ra-Be 

neutron source was moved perpendicularly pff the_ axis ··of the counter. , This 

would introduce an error of 3 percent into the data for targets 3 inches 

broado 
., 

At 7 inches from the encl of the counter • it was found that the neutron .~ 

counting rate varied as the reciprocal of the distance,· so that no corrections 

were made for the finite extent of targets and beazi1 alo:O:g ·the coUn.te~ axis.· 

The x-r~y beam was collimate-d to 1 3/4 inches diameter at the position 

of the tar@9ts studied. These targets were all of such a size as to entirely 

* D ... W. Kerst, private- co:mmunication 
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contain the .x-ray beam•. CoUimation was accomplished• by a properly tapered 

hole in a 9 inch lead wall placed 5 feet from the 20· mil platinum:' x-ray t8:rget~ 

in the synchrotron. The beam was: monitbred by· rur ionization chamber· plac:ed on· 

the synchrotron side of the collimator.; This was connected iri:• such a way as t-o 

integrate the total.beamenergyo 
' ' & 

It was calibrated· by Blocker and Kenney for· 

the various diameter collimators used, so that it was pos.siible to detenn.ine 

absolute· neutron yields per· erg. of beam energy. 

The targets were-'pla.ce 20 inches: outside the lead collimator·. · Since all 

were large ·enough. so that· the x-ray beam was entirely· within tf!em, only the· 

thickness and density .of the targets wa:s important., The ta:rget·s use:d c·onsi.sted 

of. metal plates~ discs, or slabs of the element where such was avai:la:ble., For 

nonmetallic el~ments ,. crystal.s or powders of the elements were contained· in one 

of three lm:~ite containers·. other.eleni.ents, such asCI, F~ La,. et·c.,.were 

available only as compounds, so powders' or crystals of these compounds: were 

used, placing them in the lucite .containers.; 

The x-ray beam is partly :absorbed and partly ·transformed in. pass:ling· through 

a finite thickness of a target sample according to known. shower theory •. From. 

a transition curve taken from a· lead target it was found that the neutron yield 

was reduced 3 percent if· the target was one-quarter shower unit thick instead· 

of infinitesimally thin~ or 4 percent for a target. one-third shower un:i t thick •. 

All targeiEwere kept less· than one-third Shower unit thicli:,. and most were less: 

than one-quarter unit thick., The computation used was based on the fact that 

1 S 0 U 0 in lead is 0 0 5 em) and the thickness equal to 1 s.u·. for an element is 

proportional to ~.2:;-

. · To determine the number of moles per cm2 of each .target1 it was· weighed. 

and measured to three significant figures.- Metallic targets. were all rectangu-

1 . th f ·r th . moles. _ wt. (gm.s} ·. ar or· square, · ere ore -' or em, - -
cm2 - area (cm2) x M.W. • 

The substance·s. 
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in powder or crys:talline form were poured into the appropriate lucite :container · 

until ;i~ w~s filled to a certain line. The area of the container below this line 

was . car~fully measured. Then the weight of the container, was subtracted from , · 

the ~eight of powder plus contai:q.er to. determine moles/cm2• The error in moles/ 

em~ for :rr:.~rtallic targets_.was· probably less than 2 percent.,, for powders and crys

tals the e_rror was possi'bly as high as 5 percent· due to irregularities of the 

substanceso Moles/cm2 for some targets,. such as water and CC14 , were computed 

from handbook densiti e.s a,nd the container thickness directly. 

The metallic t13-rget~ and lucite holde.rs were held in the synchrotron beam 
,., . ·- '' .. . . 

by a bras.s s:tructur~ with a platform qf adjustable .height on which the targets 

were placed •.. The bulk of the structure was over a foot below both the beam axis 

an.d the counter axiso . This minimized gamma and neutron scattering problems. 

Provision was made on this'holder for centering the targets accurately in the 

beam to within 1/S inch.. X-ray films Wyre exposed in the. beam at the time pf .· 

each experiment run to check the beam centering. . 

Neutron shielding, of the counter from the stray neutron flux in the magnet 

room was accomplished with 12 one hundred pound boxes of paraffin, plus t1(V'o 

h~dred pounds of smaller pieces. of paraffina . In addition., a one foot cul;>e of 

paraffin .with .!i 4 inch hole, in i.t was placed immediately after .the lead collima

tor. With thif!, pa,raf;fin, the counter was sh~elded completely with at least 12 

inches of; paraffin all 'a:round except for a passag~ay along the x-ray beam a.Jeis 

to allow acqess .. to the target. 

A cadmium "'hood" was plac€jd over the front of the counter and another piece 

of cadmium J?laced behind the target so that the front of the counter· "saw" only 

cadmium packed .by paraf~in. This ,geometry decreased the background by a factor 

of three ·over_what it ,had been using on::Ly paraffin .shielding directly between 

the. counter,and the lead 'collimator. An 'overhead. :view of the experimental 
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arrangement is sho'WI'l. in Fig.,, 2o 

ActuaL ·runs for data were.· made by· running thei beam froni 'one to' four.· o·r· 

five "nunans!' (a unit on the beam integrator) on each target so~ that.: a. totaL 

of 2000 ..... 3.000 neutron counts was. obtained for each target ..... Fi'bm this•·· s·tatis-· 

tical counting errors were '""-" 2 percent to 10 percent •. ·At the. ·oeginnirig#, and' 

after each gre>up of from three to six targets"' the tungste.n. target was run a:s a 

check on the stability· of the counter~ Then. the ratio o,f· the. neutron' c:ounts:. per· 

n1man from the tungsten. target to· the neutron. counts: per· minute from: a 5; mg· Ra-Be 

source. placed in. the tar:ge~ position· wa:s: accurately fbund~.. This"' 5, mg· uncal!ibr:a:ted: 

Ra-Be source was compared.w:i:th. a: st:andard; 500· mg Ra-Be' source usi;ng the. BF3: coun: ... 

counts t 
ter., enabling reducti.on of data from.(~ tcY• (~n~u)·. r~ns: · •. The. 500 mg· 

.mc·m·· .. )x· erg· em .. x erg 
s our·;;e had been calibrated to within .. 5 percent:. by comparison wi th1 an•. Argonne 

Laboratorie.s standard.. From~ thes·e· calibrations: it· was f.ound' that. the; BE3:: c:oun~· 

ter in the above described paraffin geome;try had an e;ffic.fency· or·· o •.. 35~ percent 

for Ra-Be neutrons entering the 8 inch diameter· fac.e from. a. point. on its .. axi·s. 7 

inches from the end of the counter.,. The. data were taken at. this: distance. 

A check was made to see ·whether· n·eutron scattering in the t.arget had: any · 

appreciable effect. on the yield.,. An angular distribution run was. made on a nor--

tnally isotropic photoneutron emitter., tUrigsteno This target was a flat: plate. 

Ool20 inch thick and 2.,5 inches wide.. Yields were t·aken with the co.unter· axis: 

at 900 to the beam axis and the pl.ane of the targ~.t. at 9.0° and 12o?·., then· with 

the counter at 120° and with the target plane again at; 90.0 and 120°:. The counter· 

was 20 inches. from the targeto These data are given here:~ 

counter 
axis angle: 

goo 

goo 

120° 

120° 

target 
plane angle. 

900 

120° 

90° 

120° 

neutron: 
yie]d {rei.,,} 

g:.4 

is:.,4 

160 .4 
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It i's evident that there is appreciable neutron scatt~ring if the. neutrons have 

to traverse the entire target width before reaching the_ counter. Consequently 11 

the targets were tipped with .their plane faces at 60° to the beam axis so that 

the ~eutron=? reachtng );he. counter .would ha"lre to go. only through the target. thick~ 

ness and not through, its breadth .. 

. The. ~yr10hrotron gives a pul.se 0f x-rays 3000 microseconds long with six 

pul~es.a.secqnd., By studyingthe counts per nunan as. a function of.beam intens-

ityand ._observing the pulses an tP,e synchroscope, the resolving time of the counter 

was. determine_d to be about 3 microseconds e This- gave ~ise to less than 1 percent 

err:or :i,.f the neutron counting rate -was .. held to less than 3200 counts per minute. 

.1\,t all times duringexperimentai·r~s/i the.output of the linear amplifier 
. ·' 

was monitored with a syn9hroscope,. , This gave reassurance of the synchrotron 

x-ray pulse length.; consistency of counter characteristics (by observing the ' 

a-particle p1,1J,.se shapes) a and resolving ·timee 

'l'he scalar was gated to the -x-ray beam pulses although this was found to 

be unnecessary except for. operation with very low beam intensity. The background 

between pulses amounted to less than 10 counts per ;minute ... 

Results 

n~~trons The data are presented in This is equivalent to saying 
em~;~ ) X e:g o 

that the data represent the number of neutrons that would be given off if one 

erg of bremsstrahlung passed through one mole of the target spread uniformly 

over an area of one square em normal to the x-ray beam. This yield is also 
40 ' ' .. . . . ' 

equal to N
0 
f cr(w) f(w) dw 11 where cr(w) is the photo-neutron cross section 11 

0 

w the photon energy, N
0 

Avogadro's number, 

per unit energy range for one erg of beamo 

aild f(w) = dq, thenumber 
' dw 

</40 
w f(w) dw = 1 erg .. ) 

o· 

of quanta 

The final data are given in tabular form in Fig 0 3 11 on a log-log graph in 

Fig .. 4, and on a semilog graph in Fig. 5,. 

• 
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Relative yields may be in error due to various sources as follows: 

com.pari son with W target • • 

moles/cm2 determination •• 

• • • •· • • • 2% 

. . . . . . 2'; to 

reading beam.integrator •• 
•· e • • . . . . 2% 

finite lateral extent of target • . . . . l.% 

beam degradation in target . . . . . . . . 2% 

statistical fluctuation in counts • • . . . . . 2 to 

5fo 

10% 

This gives a probable error of 4 percent to 10 percent in relat:ive data. 

From Fig. 4 the relative photo-neutron yields of the elements show that 

the yield varies as z1 • 7 for Z greater than 30.: Present theory* favors a z1• 5 

dependence 9.r even a 1 ess er slope. . Kerst • and· Baldwin and Elder6 have reported 

a z2 . var_iation. · 

For. the low Z ·elements • an even-odd alternation is seen. Thi.s is roughly 

related to .the binding energy of the last neutron. as may be :seen from the plot 

of yield/A vs. the binding energy of the last neutron in Fig •. 6! This graph 

appea,rs as a straight line for 2 < Z < 22. 

Deuterium and beryllium show abnormally high yields o_n the yield ·vs. Z 

plot probably due,to the very low binding energy of their last neutron. Uranium 

and thorium yields are high due to photofissi6n neutrons adding to the usual 

photo-neutrons. 

Kerstv s results at. 22 Mev are also shown in Fig. 5 normalized to •our Ph

value.· These points show that for low Z elanents, the photo-neutron .cross sec-' 

tions have appreciable values above 22 Mev. The 22 Mev data are seen to dupli-

cate the 330 Mev even-odd alternation. 

The absolute data in (moles.\ 
cm2 ) x erg 

neutron is 1. 27 times the yield found by Kerst 

* H. Bethe, private communication 
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using the 320 Mev Il;Linois betatron. This latter data appeared after the 

Berkeley investigation was partially complete~ as the result of a brief investi-

7 gation by Kerst. 

The estimated error in yield in absolute units is due to .the following: 

absolute beam calibration (Blocker and Kenney) . . . .. 
ca1 ibration of 500 mg Ra-B~ standard neutron sour<fe ., 5% 

cali bratiori of 5 mg source from 500 mg source 

calibration of W target from 5 mg source • • • • • 21o 

The probable error £:rom these souz:ces is .therefore ·12 percent., 

The table of the data includes· a column giving the counting error -and the·· 

total .relative error- for. each elemento The relative error includes all errors 

other than absolute beam and counter calibration., The validity of usi~g com

pounds is demonstrated by the data .for the alkali halides 1 which provide cross 

checks on Na, F 1 and Ko _ An earlier experimental run, before the target tipping 

effect was found 8 had given the yield of nitrogen from iiquid nitrogen 11 percent 

less than the yield derived from an NH
4

No3 target. Due to constant boiling of 

the liquid nitrogen, it was therefore considered that NH4No3 was a fair- source 

of nitrogen data., It was found that elemental .carbon.gave a neutron yield only 

1 0 0 perqent less per mole than polyethylene (CH2), so that it was thereafter 

considered safe to assume the photo-neutron yield of hydrogen to be zero. There.:. 

fore the oxygen-data were.taken directly from water, and the deuterium data were 

found by subtraction of. the yield from a container filled with water from the 

yield of the same_ container filled with D20.. 

Angular Distribution 

A brief investigation into the angular distribution of the photo-neutrons 

was made., This was done by suspending the counter from an overh~ad crane and 

looking at the targets with it at various angles from the beam axis., For these 
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investigations:· the ·tar:g.et·s:.. used were:· cylinders;· of':'·' the; e.Iement's:: ihves:ti'g§.ted'i to· 

minimize the. effect.s. of. non .. uniform scattering or.· neutrons::. b;y:. tlie. tar_g~:t~~" . For.:-

eveR though some targets. 'we:he. ovtlr~ a Shower::· unit: fh_ di'uraet·er · t'b:· ihcrease: counti.;.-

ing rate. The targets were: placed' 150. inches:: f'rom.the. read'' colTi'inator.;, and:~ the:! 

count~r was placed .. v1rith i:ts~ end- 15· inches7. from~, the'~ ts.rget: c'enter~. EarG:f'fi:hc: 

shielding was:pl"ac:ed~ oniy ·oet'1l\l"e:en the .. counter.- and-~ tne·;' syncti~rotron:,,. and: he:b.veen::: 

the counter and the. floor:;:,; Dat·a viere taken at:;. 389·~- 9~09:,_, and' 1.4,2°··· to~- the.: beam" 

a:xi s. 

The result·s~, plotted: ih Fig. 7~. shovv that:. ptfoto·-neutrons: arK gi.v:en. o·f1" 

with sp_heri'car symmetry· excep_t for deut'er.ium"J" carJ5on:b·an(:F suH'il.r:~.. The:r:efore:,,, 

except for·· the ·lightest· el.ements ~. the. 909" photo'"-neutr:on· data·, are'· vali~d~. f.or· 

total ;yiel"ds. The probable . counting. erro r.s. were· 2b 'percBnt·~ to 2E: percent'.:: for.~-

the . deuterium. tar.get·~~ 10 per.c en t: far,~ the: c.ar.bon. and~ su:lT:ur...: tar.g; e:t~s ~ .. ::md~ re~s·s.s 

the.n· 5. percent for.-the heavier: elements:~. Some.:; siTg!):t: inc·r~e:a:se:· ilL yrei:d:s. wa·s:, 

seen at smal~ angles (30°); for·somet·a:rgets .. ~ out-:-ttii~s.':app_ea:r.ed~.due:'tb.:x•rays::r 

scatt;erod·-by·the t-arg~t- sample producing neutrons:iiL·the-count·'eri.tseif::~. 

Transi tiolL Cur:ve·: in LE:md' .. 

Wi:th.the geometry used for the· rerati:ve,.pJ'mto,.neutron· y:i~elds;,. a. set' 

of data was. taken :ror cleterp.unation of' a Hmd·~ tro.nsi.tibn~· curve·.. Tnis· was:: done~: 
\. 

by using lead· squares· of· varying thickness· as,;tv.rget·s·i, .. Tfie, read::.· squar.e:s::-wer_e,; 

all 2 1/2 in •. x 2 .. I/2 in ... square:,. and vo.ri.ed :. from·. 0. 0'20. incrr to' 2~.3~- inch'es" O,.T\ 

shower 1.U1i ts )' in thickness 0<. 'rhe. thicker· hlo.cks. were~madEF by;· stackihgc tlii'hne:r::--

squares tog~ther •. Neutron. counts were taken. for· each:. thi:ckness ,~. then::. the:: data"'-

were r.educed. by- dividing counts. by thi'clmess · tb .. gt:\re am fnt'egrai: .. t.:r:ans.itibn·~: 

curve •.. 1 d counts·· t . ,,_ d. th' 1" · d'" Thi·s,was: p otte as· h". kn ·vs •. hJ.:C!Uie·ss::an :a::.smocr ·: J.ne::- r.a1vrr~ t l.C ess. . · 
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connecting points .. _ Then this smooth curve was "differentiated'' by determining 

the.difference in_ counts per thickness in unit thickness. The new points were 

thenplo:ttE?,¢1 against thickness which;give the true transition curve 'shown in 

Fig., 8. This corresponds_to the neutron yield a unit foil of lead would give 

when placed behind .the al;>scissa thickness in lead. 

There· is an . error introduced into the curve at large thicknesses due t.o 

the f'ini te diameter ( 2 1/2 inches) of the 1 ead target.- BJ..ocker and Kenney found 

a large angular spread _in the showers they studied. 

This technique is not applicable to light elements~ since it was found 

experimentally impra.<?tical to ;-reduce the background f~om the showering lead to 

the ,Point. ,where the 11eutrons front even a large sample of the- light element. could 

be distinguish~d • 

. ,How;_ever • the transition curve obtained for lead shows interesting properties. 

The i.ni~ial s~arp descent found by Strauch. to correspond to an 80 Mev resonance 

is seen; but this is fol-lowed. by a broad _rise peaked at about 4 s. u. which ap- · 

parer,ttly .indicates-~ resonance at 15-20 Mev., 

We wish to express our gratitude to Pr:ofessor A. C. Helmholz for his· 

guidance throughout this experiment. 

This work was performed under the auspices of the Atomic Energy Commission. 

Information Divison 
scb/1-16-51 
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Fig. 3 

Table of Results 

Counting Total Error neutrons 

Element z Form Error ;1o (Relative) % mole/cm2 erg 
.-.-~---~---~ 

D 1 D20 liq 4 'I 10.6 

Li 3 M 3 5 10.7 

Be 4 M 2 4 15.2 

B 5 . B4c pdr 3 7 13.3 

c 6 M 3 5 9.08 

N 7 NH4N0!3 
pdr 7 9 15.7 

0 8 H2o liq 3 7 13.3 

F 9 LiF pdr 6 9 28.7) 
NaF pdr 6 9 26.8 27.9 

CaF2 pdr 7 9 28.1 

Na 11 NaCl pdr 7 9 27.8} 
28.8 

M 3 5 . 29.7 

Mg 12 M 2 5 22.8 

A1. 13 M 2 5 32.2 

Si 14 pdr 5 8 22.4 

p 15 pdr 4 7 45.3 

s 16 pdr 3 7 23.4 

01 17 CC14 liq 2 6 49.6 

K 19 KCl.pdr 6 9 . 43.6} 
' 47.8 

KF pdr 3 7 52.0 

Ca 2Q llf turnings 3 7 31.4 

Ti 22 Ti02 pdr 4 7 99.2 

v 23 v ao2c14 . 8 10. 90.5· 
p r 
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Fig .. 3 J (Cont.) 

Table of Results: 

Counting Total Error neutrons 
Element z Form Error % (Relative} % mole/cm2 erg 

'1 

Cr 24 pdr 2 6 107.,7 

Mn 25, flakes 2 6 143.2 

Fe 26 M 2 4 115.5 

Co 27, Co 2o3 pdr 10 12 170 

Ni 28 M 2 4 85.4 

Cu 29 M 2 4 173 

Zn 30' M 2 4 220 

As 33 pdr 2 6 236 

Se 34 pdr 2 6 283 

Br 35 NaBr pdr 2 6 267 

Sr 38 Src12 pdr 4 7 368 

Zr 40 Zro2 pdr 2 6 324 

Mo 42 M 2 4 368 

Ag 47 M 2 4 422 

Cd 48 M 2 4 428 

In 49 M 3 7 555 

Sn 50 M 2 4 503 

Sb 51 pdr 2 6 610 

I 59 crystals 2 6 578 

Ba 56 BaO pdr - 2 6 606 

La 57 La2(c2o4 ) • 4 7 805 

Ce 58 
9H2o pdr 
Ceo2 pdr 2 6 695 

.<' 

Ta 73 M 2 4 998 

w 74 M 2 4 1051 

Pt 78 M 2 4 1110 
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