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28 ‘5.7 ~ .5

25 10+5 ~ 3.6

49 c 40

Z* Impuri’ty&tits in 49

● ☛✎ ● 9* ● -
.*● :***

●● :
.9
.0

.:. ● ** ● W

fissions
.e... -”.O----

Wx$ Kge

fissions
--’*&%-R~:--

fissi.ons““”.-..-..-”
see Kg*

The following i~purity limits are given in parts by weight, and mw-

based o.’13000 #’see for any one impurity in 20 Kg of 49. Strictly, it iG

not the fraotion of the impurity that determines its effect but the total

~+amount so that the limits am ac+mallymproportzonalto the total

Li w B c N

3 x 10-7 105 x XO-7 5.5 x 30-7 102 X10-4 -

De ?Ta L!g

1.5 x 10-5 1.3 x 10-5 2..4x 10-~

mass of 490

0

2.2 x 10-4

Al Si P

2.,9x 10-5 1.3X 10-4 10-3

Ti Cr

3x 10-3 7.5 x 10-3

co Ni

3x 10-2 7.5 x 10-2

MO

1.5 X1O-2

t

FED,.,,.,~pnlI...#i

F

1.5 X1O”6

s

76s x 20”S

Fe

3 x 10”’2

I
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r
mllwnt I Cross-section for elastic scattering”

I
Elastic back scattering

in backward honisphere in Dam’s per co
1 I

i 1.5 MYv I 5 !lev
—-—--–---l-----–—-—------- -—-t ..-——. . —-+—--–-—”+———’—— ‘--.— ‘.
Pb n I 1.05 0054 I .035

- --~ I I
, -+—————— “--

13i
Bi I

1.’?3
\

w
q

.73
I

047
--.--’--.-L-=:--L-=------

Au
l)dI

:.~-----l--=--l-=--.:---
TR @53 .40 e02!3 I .022 ‘

L 1
— —.. — -.

)

In this table,

throshoul of 28

pears to be of tho sme

taim booause of a lar~e

all mattering which

oallod elastica Tho

loaves the neutrons above the

back ~cattering in Uranium ap-

order of rqnitmde as in Pt$ V omd Au but is less cer-

fissi.oncorrection.

4. Therml neutron fission cross-seotions

~ (25) = (XX3x 10”24 cm2 at

< (49) = 1200 x 10-24 cm2 at

kT

kT

,% (23) ‘C1200 X10-24 mz atkT

I

based

5. Mtd3er of’neutawns pm fission for 2~

V=2.2

‘mis is based ml
.,- vui-m_”-_ -
I
.“---
Lq ;.~-;

and <-=4.6 x 10-24 an2 and @j.2’x 10-24 cxu~
+

Tho probable srror in ~ is at leas% lx.

13f’e

I

Uraniua

.00.00..’
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6. 1.3scellaneous neutron cross&c&o& ~ti ‘~zlo:’)
h’

~b.mao.,.—

T.hmmd neutrons (Ener~ M) M = 2.2LY}o=*/u ,

lfi~dro~n q = .33 ~s42 L diff ‘in1120’2.&3Gcm.

Deu’teriun q ~ .003 q = 5.7

Graphiti q = .0049 ~= 4.8 L cliff(AGX)= 45cm, L(AOOT)=

ChqJflon q% .001 q = 4*1

Iloron q.= 740

H?nganese q a12.o .

~ = 703
ccl =:= 2 po o

see also CP333 CP729,

FaGt neutrons me CP334 CF458.

7. Calibration of slow neutron detectors

1. Indiun Foils

2 5 roilsthick and weig~sThe slxmdard fo5L a% Chica~o is 4 x 6.5 can,

2.4 W. The standard-CM coverinc is 20 roilsthick. If the acixlvi%iesA are

measured in counts per minute at swburation on standafi thin wall counters then

50m,

Acd iB

of the

the activity of

uncovored foil*

also qh a .00143 %CI

the foil WhGn coverod with cadmium and A is the activity

rosonanco eneru per seca

where ~ln is the number of neutrons per co orossing In

2. ManCanose Dioxide Foils

nw = .00 (A/ga) / (c+’’*): : : : :
.00 ●0. ●*
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8. Calibration of fast neutron deteotors—

3= Hydro&en-containinggas

For neutrons traversing Q chamber of methane at atmospheric pzwssurs (20C*},

the following table gives the probabiliti~of a proton recoil per cm of~t> Of the

neutron. The second Wae gives all recoils, the last only the recoil protons of

ener~ greater than ●5 l.?eve’

gas

IUmrgy (Wv) 0.2 0.s 1 1.5 2 3 5

~obability of recoil 20 6-2 4.3 3.5 3 2.3 2*5 X1O-Q

Reco5.lsover .5 I.Iev - 0 2.2 2s3 2.2 1,9 1.35 x 104

The probability of a recoil (detection efficiency) is proportional to the

pressure and to the nunber of h@rogen atoms per molcxmleo

2. Thin parqffin

For noixtronstraversing at ri~ht anQes a Iayc?rwhich

●
tho range of the protons, 1 rq#a2 of’paraffin is equivalent

at atzaosphericpressure (case 1)0

3. Thick paraffin

is thin conpared”to

to 0.89 om of methane

For neutrons incident normal to a paraffin slab ol?whioh the thickxloss ,&
-

is larger than tlnora~e of the fastest recoil%~ the following table gives the ~.!
;

total nunber of protons mwgin”g from (one sido of) the paraffin per incident j.:

neutron. ~
=2

Neutron energy 0.2 005 1, 1.5 2 3 5 MW .<
.5

:fficiency of’detection 2.4 3.7 5.2 7.8 12.5 x 10-4 j
i.*,

Fact Fis6ion

A detector of 28. of thickness lng/cz12, with neutrons incident on it at

an@es has an Wficiency 107 x 10-6

‘%”!; ~

Induced radioactivity .“.●:” :
● *9

Efi’icionoy10-5 to W’~”:o .:.::. 9.* :00 ● *
.s
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9. Scattering cross-secticm of &rl&~ OXj~eifJMterium

o T%eso curves are based on reliable measurements taken by William with

the Van do Graaf at !;innosota.(CF599 and CF507)

10. Scatterin2 cross-s~ct~o-drogen

This curve is a copy of Wmt by ~olm and Mchman. It is Ixwod on a

square potential hole with a square tail which fits best tho measurements of’

l~lllians(CF599). ‘

11. Fission cross-sections of 253 28 and 49

?he cu~e for ,::(25) ia due to Hanson (CF618} and is considered reliable
*

for rclativo values. Two absolute scales are civen: one from the coincidence

counter calibration of Hknson (CFG18)

parison with Chicago standmd &ources

The two scales are @.ven to omphasizo

and the other from Manzanese bath coxQ-

by Hanson (CF638) and by Heydonburg (CI’636). “

the present unreliability of the abso-

●
lute values. Segrors points (CF403) are not included because of doubt of tine

oner~ values. These two scales introduce a distortion of the ‘~ (28) curve

since the low energy (~ 2 NQV) points were measured according to the first

scalo (CFf318)and high energy points by the second (CF636), The shape of

ourve so drawn seems inconsistentwith the lostenergy ~oints. The ‘%(49)

ourva is based on ralative values of +..g:$- obtained at L. A. up to 1 Wv.

The curvo is continued above 2 l!evby moans of a high energy point by lkyden-

WrG. (CFG26).
H-$;- :; (thermal] is taken to bo 2.00.

*

.

.>

N
me

● *Oe@ ..
9*** 99*9

● ** :000
● m ● O9 ● 00 9** ● *9 ● O
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scattering at Yiisooasin(CF625). That from O to 90’<was obtained from

measurements at

mewnm3men-tG of

changed by moro

e

JMinnesota of’?~t_@> with G= 30°, 60”’, 90+, and &om&s

the to-ttlcross-section. These results will be somewhat

accurate evciluationof corrections.

33. Cross-sections of’Uranium

The total czmss=-sectiionwas measured at Hinnesota (CF507). ‘i’heela$ti~

snd inelastiu scattering cross-sactionswere obtained from the preceding meas-

urements together with o. total and ‘.rfi.ssion~ The transport cross-eeoticnwas

also obtained from the an@Lar distribution manes and includes inelastic scatter==

in~ and fissi.onv The usual dofini%ion of inelastic oross-section (scattering to

Ix&xv the fission threshold) breaks down belw 1 l<ev$a smooth curve wes drawn

in tiiisroCion to indicate the lack of my rod discontinuity. These results

● ‘willR3S0 be som@hat chanced by re-evaluati.on of the corrections.

140 Tinefission spectrum.—

The fission spectrum is that reported by Bloch (CF525] with the more

recent energy calibrationwhich reduces all ener@es to 3/4 of their value.

The spectrum is normalized to $ =2.2.

● ☛☛●em●
●

● :
●

● o Q:*

● ☛☛:00 ●
● **
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The shapo of the thin target yield (cross-section}curvo and of the

thick targetyiold ourw was obtp.inodfrom thin

(Phys. Rev. ~,185, Ig40)

value of the thick target

IIeydwiburg(CI’604). This

and Hinnosota (Phys.

yield a% 075 Kevwas

gave absolute values

tarEetmeaswmmen%s at Rice

.%VO 6Q,80, 1941). ~0 absolute

obtained from a calibration by

for both curves,

The arqylar distribution curve was rmasured a% Rice (CF350). ‘Theothar

curves (t]rinand thick twget yields] were obtained from a relative thin kar-

c;otcurve for Ed= .5 !Ievat Rice (Cl?350),an absolute thi.oktarget curve for

% < .3 :.?evat Chicago3 and an absolute noasuremn-rtfor a thick target by

~]ej?denb~g(CF604) at 900 ~-eve

&7!.eutron yield from Li-p-n reuotiorl

ThG CUITCl is based onmeasur~ents of i~son~~th a~Jisconsin Vm de

Graaf Cencrator. It Civos the yield per microcoulomb of proton current, por

m~
--- --- of lithium tar~et, and per unit solid an@e in She forward direction*en-

The following conversion factors may % useds

\
~XM kw shoppin~ p~i~r at the reaction t?u+eshold(1.~ !!ev)

Cross-section (for solid angle of 4 W) in bswns

s.235 x 10-7 x yield Civen in curve. .,

-. -
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3,8.l?an~e-oner~ yelations

For fast On -particles ami protons

Livingston and ?3etlmin the Reviews of Modmm

given hem for S1OW .%,-particles isbased on

,.

the curves in the article by

Physics my IIoused. The ourve

measurements by Holloway and

Livingston, Phys. Rev. 54$ 18 (1938). The curve for slow protons in air is a
-.

re-ovakaticm of the mpm%nwnts of Par!cinson,Herb$ Bellamy and Hudsonp Phys.

The ran~e-energy relation for deuterons in (heavy)water

by JLshkinon a purely theoretical basis. The tlmoretical stopping

was calodated

power for oxygen

which was used in these calculations was conparmi VJ3ththe experimental data for

air and found to be in satisfactory agreement (about 3 percent ditferenoe after

ccmrecti.ngfor the different mclear dharge). These calculations to~ether with

curves for the stopPing power of Hz and 02 will be published h Los A&mos I@ort

#12 by Ashkin.
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19. S’sotopicmasses and e.%undancd. ~ ~. : :“ ~ ~.—. .: ●.:. ● ●:0 :0. ●*
This

reliable. &

neon are ve.ry

table contains the ~soko-picmass values which we consider most

can lx seen from tk.egiven “probable errors”~ the masses up to

much moro accuratefiyknown than for the heavier elements, The

li~hter masses were caloulatad

d~ta from,wass speotrocraph as

best possible.fit~

Abbreviations used in

Ahundanceg For stnble

takinx into account-

well as disintmsrations

of the more mcurate

and a-tknptin~ the

the isotopic mass tables

isotopes, the abundance is given in percent~

Hadloactive elements are indioatod by the particle they emit (#- or@t);

P c moans that the nucleus caphres an orbital electron but doos not emit

positrons. P meam instai>ilityagainst disintegration into heavy nuclear

ptlrticl’ese

:Iassvalues in parenthesis refer to nuclei which have not yet been

?roduced,

● The errorG listed are neant to bo about 3 times the probable or ‘mice the

“standard~’error. For theorotioal estimates, the ‘vorror’~is usualfi~not given,

Sources of the data .&e indicated as follows:

I=calculations by Eetty J. Isaacs~ CorneU University, !.lastes’ssThesis~ 1942

N Iligner,Nenorandum :!245April 23 19400

E!=Darkas, ?hys. Rev. ~,691 (1939)

M=Xass spectro~raph value (usuallynest reliable)

D=from llisj.nte~rati,onhkpertients involving

from end point of

C=cal~ulated value

corr=oorrected in view

S -spectrum

of more recent

a nei~htioringisotope from which

accurate

$~le~ss

heavy particles

determination

of the @vtmisotope is ob-
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1.ooe93

1.008123

2.014708

3.03702

3.03700

4.00390

5.0137

6.0209

(5.0136)

6.01697

7.01822

8.02502

6.0219

7.01916

8.00785

9J)L503

10.01677

(11.0277)

9.01620

10.02618

11.01284

12.0190

(13.0207)

10.0210

%1.01495

x lob

3

0.6

101

3.4

~

3

55

50

(60)

5

6

7

(100)

‘7

7

6

8

7

9

8

70

30

9
● ☛☛ ● ● ☛☛ ● ☛☛ ● ☛

12.003&:: ; ;0 ~ ~. ; i
● mO*. --...-

Source
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13000751

14.00767

(15.0165)
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