ANL-4602
——SECRET —

Argonne JAgtional Laboratorp

QUARTERLY REPORT FOR
DECEMBER 1950, JANUARY AND FEBRUARY 1951

PHYSICS DIVISION

SAUTION

This Document ﬂontams Information Affecting the
National Defense of the United States. Its Transmission
or the Disclosure of Its Contents in Any Manner to an
Unauthorized / Person is Prohibited and ‘May Result in
Severe Cnmmal Penaltles Under Appllcable Federal Laws.

/

RESTRICTED DATA

This Document Contams Restncted Data as Defined in
the Atomic Energy Act of 1946.

SECRET



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 assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



- \\"\.._, U‘

Microfilm Price $ 3.92 . _ . £ -

- - ARGONNE NATIONAL LABORATORY |
"P, 0, Box 5207 .
Photostat Price $___ /O « go Chicago 80, Illinois

Avoilqble from the
Office of Technical Services,

Washington 25, D. C. %03 % % %

{
1
1 . i
Department of Commerce ‘ 1 gw
{

S
——

REPORT FOR DECEMBER, 1950, JANUARY AND FEBRUARY, 1951

...  FHISICS DIVISION

Louis K, Turner, Division Director

3% 3 3 R *

{ o

Preceding quarterlies: ANL-4437 January, February, and March 1950

ANL-4476 April, May, and June 1950

ANL-4515 July, August, and September 1950

ANL-4552 October, and November 1950

March 5, 1951 °
/2 \
i , ¢ !
Yo .mF. - §
‘3_‘ N ;
I SRR 3
‘{ ,JL o s o *“'{L....&
[
P 1 T .*_...'li

Operated by the University of Chicago-
under

Contract W=31=109-eng-38

V ramm we b



ANL-4602

Distribution Copy No.
- _ . Argonne National Laboratory 1- 38
- " Armed Forces Special Weapons Project ] . 39
"%~ ¢ Atomic Energy Commission 40- 45
' _ Brookhaven National Laboratory L6- 49
r Bureau of Ships 50
. Carbide & Carbon Chemicals Div.(K-25) 51~ 52
Chief of Naval Research 53
. ~ Columbia University (Dunning) ‘ " 5k
E. I. du Pont du Nemours & Co. 55- 58
General Electric Company, Richland 59- 64
Hanford Operations Office 65
Idaho Operations Office : : 66- 67
Iowa State College o _ 68
Knolls Atomic Power Laboratory , ' 69- 72
Los Alamos . T3- 75
Mound Laboratory ' 76~ 77
National Advisory Comm. for Aeronautics A 78
Naval Radiological Defense Laboratory o 79
Naval Research Laboratory — . ' 80
- NEPA Project : ' 81
New York Operations Office ' 82~ 83
- North American Aviation, Inc. ' . 8L
. Oak Ridge National Laboratory, X-10 Site 4 85. 92
Patent Branch, Washington ; 93
. Savannah River Operations Office ‘ oL
. Technical Information Service, Oak Ridge ’ 95 109
- UCLA Medical Research Laboratory (Warren) 110
USAF - Headquarters 111
- University of California Radiation Lab. 112-114
Westinghouse Electric Company 115-118
Total 118
l
- v
LY o

o




K

N v
 ——— e

TABLE OF CONIENTS

~ . . e

Experlmental Nucle Phxsics

I'.'

- IT,

) III..

Vi1,

VIII,

Group #1, Reports by C. 0. Muehlhause i
1., Nefitron Transmission and Secattering Cross
Sections - Co T.-~ Hibdon

2, Internal Conversion of Capture b"-Rays -
C. T. H:Lbdon '

3, Resonance Region Tlme-of-thht Meagurements -
S. P, Ha.rr:.s )

Lo Pile Oscillator Circuit - C. O, Michlhause

Coherent Neutron Scattering by -Mercury = G R. Ringo
a.nd T, R RobJ.]J.ard

Incoherent Scattering of Slow Neutrons from Spin
Dependen'l: Interactlons - M, T, Burgy

Activities of Hf Isotopes = S, B. Burgon'

Internal Conversion Spectra of Radioisotopes =
W. C. Butledge 3

Low Voltage Accelerator Activities - L, S, Goodman
Van de Graaf Generator - A, S, Langsdo:rf, Jr.
Group #2, Reports by S° Wexler

1, Fraction of Positivé Charged 18 Min Brtl Atoms
from Isomeric Trangition - S, Wexler

g { .
2. Exchange Studies on Ethyl Acetate = Heavy Water
Systems ~ S, Wexler

3e Preparation of Metallic Na24 from Al (n,d.)-
Activation -~ S, Wexler ‘

4‘.} Hot Atom Reactions in the -Pile: Organic Retentiohs

10

10

15

17

18
19
20

25
27

28

o

of Ip-Benzene and CgHs I-Benzene Solutions = Frances 29 -

Mohr and S, Wexler
5. Condensation of Na24 molecular Beams on Various
Metals -~ J, Dalman and S, Wexler

IX, Radioactive Indium Recoil Atoms - yosm

*,,,/,(E;,

33
36

4’77 ~=



Mass Spectroscopx -

X. Group # 3, Reports by M. G. Inghram

I, Kryptcn Conten'b‘ of the Atmosphere ~ R, J, Hayden
and M, G. Inghrem

2, Pu2l0 Helf-life = D. C. Hess and M, G.
Inghram

e e e s

"3, Pu Analyses - D, C. Hess and M, G, Inghram

“he ,Lea.d Uranium Analysés = C, Pattérson, Go
Tilton, H, Brows, D, G, fiess and M, G, fnghren

5. Double Difection Focussitg Mass Spectrometer =
D, C., Hess and M, G, Inghram

XI, Group #4, Reports by W He Zachariasen

1. Crys"bal’ Chemistry of Protactinium < W, He
Zachariasen and H, A, Plettinger

2, Study of Zirconium Fluorides = W, He
" Zacharissen and H. A Plottinger

36 Thoriuﬁ Fluorides - Wo H. Zachariasen and
He Ay Plettinger

Theoret;cg ﬂmg;gg

'XII.~ Discrepancies in Nuclear Shell Theory - H. Hy
: Hummel

XIII, Ca;l.c'ulation of the Field of the Lens System of the
Linear Accelerator - E, Hellund '

‘XIV, Axial Asymmetry in the Linear Accelerator = E,
Hellund

v, Electron Recomblnat:.on and the Mob:n.lrby of Helium
: Ions in Helium = R, E, Meyerott

XVI, Potential Fields Around Ions in: High Temperature -
Gas Iﬁxbures - G, Keller and R. E, Meyerott

XVII, Photon Abscrptlon Coefficients of Light Elements
and Mixtures - R, E. Meyerott and S. 4, Moszkowskl

XVIII, Interim Progress Report on the ORNL D:Lg:l.tal«—
COmputeI' - Jo CQ Chu b iy
o )

Page

37

38
39

39

}%0‘

45

57
59
60:

60.

7774



5 -
Group #1 - G, Oo,Mheh%pausg 4
o Secticss (6. 7. v

.............

:Using the annnla; scaﬁﬁefing counter with various scattering detéc?ors,v

transmissioﬁ curves of a mumber of elements were qeasuréd.fwTable;I lists
new data, Cross segtions are given in barns aivthe energies in@icatedo
?he:number in pafenthesis indicates the percéntage of the transmission
curve eghibitingAthé asymptotic cross sectibnh & low value of this
percentage indicates considerable overlappiﬁg of resonanﬁe regions_of the
?béorber and detector, When no such number is given the traﬁémission

curve is a straight line on a semi-log plot (c.f. mrevious quarterly
reports); In certain”cages the thermal and epiacadmiﬁm cross“sectipns were
also measured. The first of these is obtained by comparison with 2

(T 3ns = OIne & 55001b)-whiqh has no crystal interference effects, and
the second is obtained, as previously outlined, by compariépn‘with

€ ( Tepi-ca = 45?@)@» The measurements on hydrogen were obtained with
Lucite (E) and quyétyrene (P). These have yet to be correc@éd for possible
impurities,kG-H-Q ratio and potential'scatteringAéf the detecpor. In what
follows, certain details of Table T will be amplified'andndiscﬁssed.-

A, Cobalt shows remarkable resonance overlapping with vanadium, 78%

(1,000 o. This is almost as much as vanadium shows by self-indication

( /\J.82%).«}@me can only conclude that Co and V each have resonances within
" about 100 ev, Furthermore since Nay V, Mn aﬁd Co show large mutual over-
lapping, all these resonances must be close to 3000 eve This is in |
disagreement with the data of Columbia's neutron velocity selector wﬁich
locates the second .Go resonance(s) at 7800 ev, From past experience we
would expect this second Co resonance to involve scattering primarily,-

However, the following exmeriment was performed and indicates that the

main process.at the 2700 ev Go resonance is absor;\)tion° The epiacadmiﬁm

9794



Y-

e e o

PR

R

6L H

TABLE I
| | 2400 ev
10.0 ev | 19.5 ev | 120 ev 345 ev | 2700 ev | 3000 ev | 3800 ev
Element | Oths | Oepi-cd | (sm152) | (w186) | (co59) [ (Mn5) (v51) | (wa23) | (cr23)
20.09(L) |
1H | 20.49(P)
oo Ti | | 5.02
ogFe 7.00
2700“ 8.34 10.29 | 8.52(65) L.09(22)[ 4.55(46)
30Ge 5.13 k.08 - | 4.93 4.01 2.54(91) 4.4
3348 7.35(86) | 6.77(77)
4o2r 6.23 6.30 | 5.83(87)| 6.03(85)| 6.23(89)
yrhe | 5.72 | 13.83 |
7oBf 17.0 (83) 13.1 (71){1.4 (71) | 14.8 (73){14.8 (67)
_— 8.45(68)| 8.31(69)
79Au 7.56
goBe | 26.56 | 19.06 | 13.93 13.3 | 10.4 (67)]10.7 (68)




filter in the neutron beam, Verylittle drop in CT‘

s

../ L IR - -

scattering cross section of Co was easured w1th and without a thick V

ep1 —cd resulted when:

V filtering was employed: /

G-ep:L«-cd / (C@) =1no V= 42.,

o—epl_cd (CO) o= I\ﬂ-th V 42.@

-' ‘i,e.,; i (GO) oom— 8,4 1(42 6 = 42, O)/,SO 10 Db

4 2700 o _ ) N
This is very small compared with tpe integral values of Nay V, and Ma
at this same ené.rgy, yet the Co 2700 ev resonance is able to remove
practicaily all of the rather prpad V resonance scattering with @,Qp filter
of peafonablé thickness, For comparison:

>, (N&)”Slbza M 2192 b=y (Fﬁm)"%b
3009 £7OO ‘ 24.'

Additionallwork will be pa;rled out on_the'resongnce abgorption ofHQO to
test this ﬁ%eﬁq It is of §ntef§st to nqte; howevefﬁ that thghtherﬁal
abSorption-cross section of Co is too large tonbe”irOperly accounted for
by the 120 ev resonance alone,

In addition to the above considefations, it is interesting to
calculate the scattering cross section 6f Co at 10,0 ev and 19,5 ev from
the data in Table I, To do this it is permissible to assume a 1/v dependence

of capture:

= (Co0 ev) £ 1

E ) X . ) 8 . .

5 (Go=19,5 ev) 2 8,52 = il = 729 b

) S . : o ]-ﬂ———— 4@01905 o |
Thus, the scattering cross section appears to be rising in the low energy
region, This is difficult to understand without postulating a third
resonance level below binding, It is importaht to remeasure the thermal

scattering eross sectionm,

B, Gold = There has been some question in the past about the thermal

L 7794
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scattering cross section of gold. The difficulty is one of icry.stai effects,
The 'value: given in Table I is u‘ricer"_cain for this reason., HoOwever, two
pieces to_f' outside evidence support our ﬁeasurement: (1) the data of
Titman and 'Shear"s _' (Columbia neutron velocity selector) would indicate an
inc‘cheren'é:_ cross 'section of only 0.3 b, (2) the work of Shull (Qak Ridge)
‘gives the coherent scattering cross section, a value of T.5 b, Therefore,
T g =TS T3 ¥ TBE LS5 b,

- Ce The cross sections for ther;ﬁel absorption and scattering of mercﬁry
are governed .by a resoné,nce at ~2.,0 ev in Eg199. Inspection of Table I |
will reveal that even & %ica <o ths. Ringo and Robillard (cf. page 1k
'oé this r‘epor‘b-5 rep’oft ®soh = 21.5 :.t 2 b, Using only thermal values (i.c.,
the above and O" ha =4 370 b) it is possible to calculate resonance
parameters for the‘--2_.,0 ev level. '.»T'o ‘do this one proe‘eeds. on the as;s-u_mption
the.t the .zfadii_iar'e; ~s_p-i; ind_ependegt and identical Pfor all the mercury
'isotope_‘s, | One then'obtains. two parameter sets corresponding to J=0 or
J=1 (13 for Hg 99). These '_a.re given in Table II. The best value .of
49y B2 Aa_,ppea.r.‘a_ to be for the case Jz 1, since at 19,'3 ev the measured '
cross section is 13,3 'b,. . If one aseume_s this latter value to be Ly R2 and
calculates & coh one obtains a different set of resonance parameters.
‘These are given in Teb:le' III. Again J=1yis preferred, but J=0 cannot be
ruled out with a;_beoiute" certainty. | |

An intere_sting ,cohse‘quencef in the choice of J for nuclei frith,'initial
spin has to do with the resulting capture J -ray spectrum. ‘The compound
nucleus in this .c‘a'se‘i,s; 8@Hg200 » an even-even nucleus with gr,o,ﬁnd ‘state
angular momentum equal ‘.‘bo ZETO. Therefore'-, a ¥ ;fay transition of energy
equal to binding. in ngoo is forbidden for J = 0 and allowed for J = l.
Furthermore ’ the first transition in the cascade is usually of sufficient

energy that no other ¥ ~ray will be likely to be confused with the total

979-3°
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Table I

Hgl( o11..,2:15b)

5=0 ‘i J=1
O,C3888 ev | Q,OZB(,? ev
0,308 ev " 0,1700 ev
03470 ev . 0,1935 ev
0,112 T oam
1,753 b 1,0674 B2

17,36 b 1432 b

| Table 11X
. (4TMR? = 13.3 b)

Jza 231
0,05332 ev  0,02678 ev
0.2247 ev : 0.1491 ev
052780 ev 051759 ev
0,192 . | 0,152

171 20,0
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transtion, B.'Hamermeshvreports neo. structure in the h;gh»aﬁgrgy end of
the capturei)“—ray spectrum of Hgl?g & Do This would indicate J::‘Q'for

the capture state, isesy the = 260 1e§e1, whereas the present work favors

Internal, Conver~1on_of_Ca:%hfé;‘;;

The electron spectrograph described in the previous quarterly report

2, (Cs To Hibdon’)

has yielded well-resolved conversion lines from capture aﬁirays of Gd and

Sm, Results are given in Table IV, .

o A “Table IV -
s 3001 3005 e e L. ‘ '81;@.'
3947 90,1 B - 90,2
155 73.3 81,2 _
Gd < . and Tl ol A 81.3
157 79.7 - 80,9
8304 90,6 |
| 135 185 185
L~ , f
Sm a2 29, 341 S 341

3e Resonanee Ré ion Time-o 'F& & (S -P,vHarris)

Addltlonal runs of a preliminary nature have been made on certain
materials of interests 'Since a new higher speed rotor is soon 1o be put
into operation‘(allbwing %%cé channels instead of BILLS) an intensive
effort to 10céte resonances in the néighborhood of 3000 ev more accurately
.is being withheld for that later timet Table V lists certain resﬁlts

obtained this quarter,

779-9



Table V¥
Sample  Thickness  Resonande Energy Comment
enfa? ev
51 ,‘; c 4'150@ ' 5 g
25V 328 3300 750 av of 3 runs
- o #1800
3659 00 -
2759 . 8,04 360 =900 awv of 2 runs
120
- ' ' weak unfesolved’
As?o 6,25 L3 * 3.5 resonances at higher
33 | - - . energies
. 18.@ , : 13 ev res, of
V5Re .97 10,8 columbia not observed,
7 et - May be due to Pt,
507 E
ReA87 e , Only res. observed-
. 1 cal 1008 . y ¢ =
7 Lok , below 25 ev

Fram the velocity selector data to date no distinction in energy
- between the resonances in Na, V, and Co near 3000 ev can be madeo .The
amount of overlapping of Mn with these materials, however, places the
second Mn resonance at a lower energy than that of the Na = V = Co group.e

Rhenium has two iéotopes (185, 187). The above runs were limited to
25 ev, Apparently the 10,8 ev level beldngs to Re187 and the 18,0, 7ol,
and 5,7 ev levels belong to Re;85.

Earlier work on arsenic by Harris, Hibdon, Muehlhause and Thomas
indicated a fairly low energy resonance having about 70% scattering, This
would not be unreasonable for the 43 ev level,

L. Pile 050111ator Circuit (C. 0. Muehlhause)

Sirce the change in CP=3 has been effected the pile oscillator has

become a puperior cross section measuring instrument (c.f, guarterly

report for October-November, 1950), It was, therefore, decided to

779-1%
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improve the detection circuit, To date the effect of a sample 1s mgasured
in terms of a resistance, Ry, which oscillates in apd ou‘g of a bridge
~circuit (in phase with an absarber or~180° out of phase with a neutron

source), This is illustrated in Fige 1

. o Fige 1 . |
Adjustment of R, for null yields Ai/i which is proportional to cm®
- absorption of the sample. However, the above amounts to an attempt to

balance the pile wave form with a square wave:

This results in the leaving over of a second harmonic which causes the
galvanometex" _Sspot to oscillate about null with twice the frequency of the
sample,

An 'pbvioﬁs extension of the .above is fo add still another resistance,
Ry which will oscillate in and out of the Eridge circuit 90° out of phaée

with Ry, This makes it possible to achieve a step function match to the

77?4
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pile wave forms

The ratio, RQ/Rl ghouid be. NS/T, where & is the effective rise time
of the pile wave and T is the half cycle time of the oscillation, When Ry
and R, are both adjusted the fourth harmonic should be evident,' and the
nall galvianometex;'spot ghould h:_stve ]elss of a.n amplitude abor}rb Zero, The

basic diag;ra.m. of the new circuit is illustrated in Fige 2,

R
.

1—1.
*1 . JT=x1

| R, '
5 o R (R1 # Rp)
o (sample) © —— :
A R, +% (R #R2)
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II, Coherent Neut;pn~Scat§ering @y&Mbrcpry_ (Gf R. Ringo and T. R. Robi}lard)

measured’previoﬁsly'because its very high absorption cross section mekes
measurements by the usual crystal diffraction techniques very difficult. As
a byap;oducf of work on the coherent amplitude of hydrogen using liquid
hydrocarbon mirrers, the coherent amplitude of mercury .was measured using
the same apparatus. It was measured‘by finding the critical wavelength for
reflection of a beam of thermal neutrons'inpiéent on a surface of liquid
mgrcury'af a given angle, ,?his was_found at"two angles by use of Fhe Brill
anh“Lightenbergér time~of-flight velocity selector and at é'fhird larger
angle by comparison of intensities with thé firs? twp angles, knowing the
specyru@ 9f the neutrQn source, The source was the thermal'column\of GP«Bf
The critical wavelength and the angle determine the index of rgfraction,and
this determines the coherent scattering amplitude,l The reéults are

sumarized in the table,

Angle in Minutes Waveleﬁgth in Angstroms Coherent Oross Section
. : , . in Barns

oo Casa s
17,25 2,63%,2 2,843
20,22 4oTTOE S5 180424
| thermal average 21Q5£2

The variation withlwavelength is not thought'to be significantlin view
of the uncertainties (which come largely from the relatively poor”éjatistics).
Ks;caﬁ be inferred fromfthe large coherent cross section, mercury mékes a.
very good mirror for neutrons, It has a surface that is‘easily prepared and -

is stable for at least several days with only ordinary care.

l. E, Férmi.and.Ls~Méréhall,-Phys;'Rev.-Zl,‘666r(1947) ~~~~~~~~~~~~~~~~~~~~~
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III. Incoherent Scattering of Slo. Neut-ons from Spin Dependent Interactions
(M, T. Burgy ' S

Spin depende?ce of the interaction bgtween a néutron and an atomic
nucleus introduces an incoherence in the scattering with a cross section
proportional to the absoluté square of the difference of the scattering
amplifudes, ay and aa,-correspondi§g to the two states of tgtal aﬁgular
momentun I + 4 and I - 3, where I is the nuclear spin. A part of this
incohefentizqcattering involves spin flip of the neutron and n@cleus, and
wheré'the incident neutron beam is polarized, the spin flip changes the
polarization. - All other forms of incoherent nuclear scattering and the
coherent SCatthing do not change thé polarization of the neutrons, Thus a
comparison of the polarization of a scattered beam with that of the incident
beém movides a means of measuring the inccherent scattering ceross section
due to spin dependence of'the interaction,

This cross section, together with the coherent or free atqm scattering
cross section, determiﬁes a set of possible values for the two amplitudes
ay and a., The same information is obtainable from the values of the coherent
and free atom cross sections together, but where the spin dependence is small,
its calculation from these two numbers 1s subject to large errors since a
small difference is involved, ’

The method considered involves scattering a polarized beam of slow neutrons
by a sample of a substance to be studied and counting those which pass
through an analyzing block of strongly magnetized cold rolled steél° A measure
of.thé polarization of the scattered beam is obtained from the change in
transmission of the analyzer when the scattered beam is depolafized by a
thin sheet of unmagnetized steel. The polarization of neutrons scattered
incoherently due to spin dependence of the interaction isAul/ﬁ of the initial

polarization, Fy, while in the rest of the scattering the initial polarization

77724
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is uhchanged° If 9% is the total scattering cross section for the solid
angle of observation and (% the incoherent scattering cross section from

the spin dependence, the pblarization P, observed is given by

P = (‘( o - 7)) Pp-1/3 SF Po> /o5 = (1 - 4/'32—_% Pg -
A measurement of the polarization of the ingidept beam is’made in the same
vay as for the scatltered beam,'and from the two the ratio <T§/tr§ is
obtained, The value of Fg is obtained from the observed counting rates of
the direct and seattered beams, the solid angle of observation and the
totél cross section, .

At pfesentslsome preliminary observations are being made to check the
feasibility of such measurements and serve as a basis for design of
équipment. A’ﬁagnetized cobalt mifror was tried as the polarizer in one
-setup, But the intensity of scattered neutrons obtained was too low. In
another setup, the polarization of the incident beam was achieved by
transmission through strongly magnetized cold rolled steel, and a counting
rate of about 5000 counts per minute of scattered ﬁeutrons above background
was obtained, With paraffin as the scattering sﬁbsténée, a change in
polarizatién in scattering which agrees with thaf expected from the values of

the coherent and free atom cross sections has been observed in a first rough

measuremento



* &

IV, ZLetivities of Hf Isoto e'_'s-__wg'S.__B. Bursqn) )

Ffam ﬁéasuréménfs made uséng the en?ichgd isptope§ qf Hf,”pbtained.

47~

from the Oek Ridge Natiohal Laboratory, definite isotopic gsgignments of

each of the four activities were made and accurate energy vaiues for the

gamma-rays determined; the results are summarized in the table:

_pplsl
7254:‘1‘_

AT

79
2

Aptivity Prgqess
Gsa) 120 kev 5
(2$;EV£J  :?~' Isoﬁér;e
t(,I% SQ | ISomér;e
1(76, ay . Ki-ca;)ture:

'Ggmma-ray Energies in Kev

611, 48T, 34k, 136, 133
b2y 330y 2Lhy 9342, 5648
161

342, ) 228’ ]—13 98901

(The line previously
reportéd in ANL=4552 at
53,0 was found to be
attributable to Auger
electrons due to.the high
intensity of K X=rays
resulting from X electrom
capture,)

It should be noted that the presence of an isomeric state inxqzﬂflsg

is a violation of "Mattauch's rule" which states that isomeric states

are not generally found in'huclei of both even atomic number ang even

mass number.o-



A study of the :Lnternal convers1on electron spectra of severa.'l. radlo-

isptopes was conducted in a nagnetic spectrograph,

selenium and samarium were used.

thorium oxide was obtained from the Chemistry Division,

.Enriched isotopes of

An especially purified sample of:

The results

given below represent only what has been completed so far,,

.

Associated
‘Half Life

Radio=

isotopes Decay

- sal? Isoméric
o Tra;}siti_qm

16 m

S'eal 58 m Isomerie
Transition

.k 4 h V=i

sul55 B yZ

Isomeric
Transitiom

23 m 75

9h

TH?33

03 "-’16,6%l
Bu contami-
nant in
samarium
isotopes

K-capture

Modé of Electron
Energy

"Inter

83.2
%2

K
L
0.5 K
101,4 'L

21,2 K
3345
3948
5467 - K
61,7 L
6269
68.1
6943
9543
10L.5
162,9

¢
56,07 K
18?,:2 ? '
19742 . 'K
236 ol Ly

None, except those
spectrum of pa’33,

75,1
1122
1147
120,1
1214

zlg,T
ﬁn
N

. pretatiom -

Energy Gémia

Stum Energy:

(Kev)

9569
95,8

103.2 .

103,0
69,9

Q.
o2

103%1&. ‘

69,8
69,9
69,9
69,7

103 .4

103.3

103,3

104,07

: 10407/

104.8

L2

24442

(Kev)
9569

103.2

69,9

103.4

10467

2/4 62

in the electron

122,0

122,0
122,0
1218
1218

21,9

D7 7~77
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VI. Low Voltage Accelerator Activities (L S Goodna.n)

The following total eross sectlons have been measured for D-T (14 Mev)
neutrons, _ ‘ ) )

The detection and monitoring were done with anthracene crystal scin-
tillation counters,

- The cross sections have been corz;ected ,f‘or room scattering (3%) and

"in-scattering" (,2%‘);
B 684,05
1,14 ¢ .04
149 £.11
1.83 ¢ .18
1,67 & o1
i 2,25 § .2

EE o °

vV 2.38 §.12
Cr 2,33 § .2
Fe 2,33 § .2
Fi 2,41 4.1
Cu 2,46 & .1
Zn 2,88 § .2
Zr 3.5 & .2
Mo 3.6 ﬁ o3
Sn 4.02°f .38
Sb 4e6 £ 425
W 462 %03
Pb 5.0 § .35
Bi 5.13 % .5

¢ o ©o o ¢ o o o °o o T o o o o o o o o

777-7%
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VII, Yan de Graaf Generator (A, S. Langsdorf, Jr.) )
| ,A pumber 6f ﬁhéhgés'anduimprovements have_beeg made in the accelerating
tube and bélt charging system of the Van de Graaf generator,
| The preésure sensitive leaks which caused serious trouble last fall
have been elimiﬁated by the replacement of sevef§; punctured porcelain
tubg sections, Following upon this work, mnch_effort was expended in
properly aligning the accelergting;tube.and ion source so that the beam
would be more nearly on the axis of ﬁhe'tpbe, After success in this
underfaking, 1/, diaphragms were inserted at about equal intervals.into the
electrodes of the accelerating_tube.' The two diaphragms nearest the ion:
~ source have a 2? aperture and thg remaining 12 have a 3" aperturé. A _
well focused bgém can now be optained thropgh the systeﬁ. These diaphragms
have improved the behavior of the accelera?ing tube, apparently by
dec?easing curreﬁt loading in it., The best evidence for this improvement
is that the‘mefers which read"current returning down the needle gaps of
the column all read about alike, whergas formgrly they read very different
amounts of return current. it is logical to infer that the current which
disappeared had gone into ion currents inside the accelerating tube, Direct
probf of such phenomena, however, is very dif%icult to.obtain_°

Following upon this work, improvement of the belt charging system'was
undertaken, During the past ﬁwo years, the machine had been operated with
one needle béi at the ground end spraying charge on and one needle bar
at the high voltage end taking charge off, Attempts to use self-induction
at the high voltage end in order to sénd negative charge down the return
run of the belt had not been successful in the past, The reasons for this,
failure were extensively studied and steps taken to rectify the difficulfy.

The major reason for the difficulty was located, It is thaf there is not

sufficient space between the belt and metal structures in and near the 43}‘;7;§?

g



high voltage end of the machine to build up adequate potential between
t?e"bgltnand the wiper needle bar, - It vas possible t§ obtaip adequgﬁe‘
wiping of positive charge in open air and in pressures up to gbout 5Q
popgds. However, ét higher pressures it was not possible to remove
sufficient positive charge from the belt to maintain the pulley at a
sufficient positive voltage to induce negative spraying‘énto the belt for
the return run, This difficulty has now been handled with fair success
by a scheme éf charging the pulley with a voltage obtained from the beam
focusing yoltgge system. Recently, we have beeﬁ able to obtain adequate
negative return current on the belt at 100 pounds pressure with all
indications thet it_wil} work at even higher pressures,

Another necessary adaptation has been accomplished to obtain
sufficient focusing potential in the high voltage shell to focus the'beam
with thevméchinebabove 3 milliqn volts, There wéé need for more initial
acceleration of the ioné from the arc than could conveniently pe
obtained from a réctifier power supply, The basic reason for this
difficulty is the great distance between the ion source'and the_beginning
of the accelerating column in our generator as compared to other
eleétrostatic generators, It appears now that a simple initial acceleratiom:
of ions would need from 80 to 100 kj; but it is not convenient to make a
rectifier supply for more than about 50 kv and our mresent supply is limited
to 40 kv, About a year ago an extra accelerating gap(and lens) was
installed Between the end of the accelerating tube and the initial
accelerating electrode.beyond the . probe, This gap improves opération by
decreasing tﬁe required focus voltage from the rectifier power;sﬁbply.
However, the voltage for this additional aéceleration was obtained from the
potential on the fulley and the ability of this part of the electrostatic

system to handle the necessary cirrent has turned out to be inadequate,
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A_Wayiogt of this difficulty was found by Mr. Holland: There is now an additional
adjustable corona needle gap between the needle bar which sprays negative
charge on to the belt and high voltage shell, The needle bar itself is
connected to the accelerating-electrode sy§t9ﬁ and supplies the desired
gddition;l accelerating voltage. This system is capable pf providing all
the ngeded cgrrent as well as maintaining the desirgd voltage., &
schematic diagfam of the present system of needle bars and adjustable
gaps is givén iy Figure ?} ] _ .

bne additional and fairly successful feature of the belt charging
system is shown on this diagrem, This is the needle bar andradjustablg
gap denoted as the degeneration system, This needle bar faces the belt
after it has left the pulley on the return run carrying"negativeicharge.
It can be so set that when an adeduate negative charge is returning down
the pulley any excess negative charge above that desired flows from the
belt to the nFedle bar and back through the adjustable gap to the pulley
in such a manner as to decrease the positive potential oﬁ the pulley and
thereby to decrease the amount of negative charge spra&ed onto the belt,
This system is inherently degenerative in its action and permits one to
set the negative return current to a desired value without the adjustment
being extremely critical as it woﬁld otherwise be,

In the past few weeks, the machine has been operated u@ to 3.2
million volts at 75 pouﬁds pressure and more recently to 3.5 million volts
at 100 pounds pressure. During some of these tests there was a limitation.‘
on voltage as a result of some loose hoops on the center section of the
machine, The defective assembly of hoops: has been corfected. The °
The charging system and column of the iachine should certainly be able
to permit operation up to or above 4 million voltse |

‘The proton beam is exceedingly stable and the machine more easy to

) f?p;7’j?\.;2gz



hold in control than at any time in the past, at least up to 304 million

volts, "The fo;mer.fluttering of the voltage, even under control, has

been eliminated almost entirely and the voltage of theAmachine does not
wander from its setting as it formerly Qid,‘even when it iswpot being
controlled., A beam current of 10 microamperes_of protons was easily
obtained and therg is g.largg reserve of ability of the ion source to supply
mbre,n The present 1imituof the méchine near 3,5 million volts seems fo be
set by some form of breakdowﬁ, most pfobably in the differential pumpiﬁg
tube., An attempt to improve this tube will be made by incregsing the

number of diaphragms in this tube to fourteen from the present number (six),

D
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. Flgure 3

Nihe need;e barsAwhich §pray.charge optoLthe belt.are indicated by Roman
numerals I through V. The first ope, I, is intended to remove positive
charge from the belte It is electrically comnected to the pulley. The
intention is that this charging current will make the pulley positive
enough to induce negative spray onto the belt by needle bar II. The
failure of this self-induction to operate mroperly is overcome by the use
of HV #2 supply and adjustable needle gap "Kﬁ.

Needle bar Iis called the degeneration bar because it limits the
amount of negative charge returning down the belt, It goes this by
ﬁicking up negative charge and returning it to the fulley'yia ad justable
needle gap "B", thus limiting how positive the pulley canb ecome and |
limiting neéa%ive spray to the belt by needle bar II,

Needle bar IV removes most of fhe negative return current from the
belt at the ground endvof the machine., Needle bar V sprays positive
charge onto the Belt for the up-ru@ to the high voltage end., The 100
megohm resistor in the line to needle bar V helps materially to hold thé
positive spray at a constant value,

There are three adjustable corona needle gaps in the high voltaée
shell of the machine, labelled "A", "B", and "C", Gap "A" controls the
induction potential of the pulléy by.régulatiﬁg<the chafging current to the
pulley from the positive potential supplied by the two high-voltage supplies
(HV #1 and HV #2) in series.- The 200 megohm resistor in the line from
gab AR to HV #2 helps smooth the nonlinearity of voltage versus current
acroésAgap A", and is intended to help stabilize the induced negative
spray from needle bar IT, Gap "B", as alréady mentioned, regulates the
degeneration and limits the negétive return current én the belt, Gap "C"

is adjusted to focus the beam, It supplies the potential called "focué #2"
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vo}tagg which appears at the gap bgtween electrodes marked no, 4 and no.,
5 in the.accelerating tupe.'

Gap "C" and the "focus #2" voltage it supplies reduces materially the
voltagewréqﬁired from the high‘voltage supply, HV #1, in ordef to
focus the beam ppoperly at the target, Without "focgs.#Z" voltage, mare
than the 40,000 volts actually available fram HV"#l wouldvbé needed to
focus the beam at 3,5 Mev machine output voltage. The HY #1 potential is
called "focus #1n voltage and is also externally adjustable, This
voltage‘appears in the accelerating tube.between the electrodc marked
no, 4 and thg arc source, no, 3, (Actually the probé electrode lies ]
between the arc body and the electrode no, 4. The probe is usually about

1500 volts negative with respect to the arc.)
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VIII, Group # - S, Wexler

1, Fraction of Positive Charged 18 min BrS0 Atoms from Iscmeric Transition
(S. Wexler)

Two ¥ -rays are emitted when 4.5 hr pr&0m decays to its 18 min

daughter, The 49 kev gamma is completely converted while tpe 37”1;_:.ev ray
is about half corx:rvert:ed.]"2 Since the internal conversion process ejects
an extra nuclear electron, the product atom shou_'!.d acquire‘a positive
charge, Subsequent Auger processes should increase the magnitude of the
charge, Thus; in the case at hand, the isomeric transition of B’raom,
every 18 m1n brauine should be positively charged. But only 50-70 per cent
of the transitions were observed to yield Brt when CoHs Br8Om a4 g few
microns pressure was allowed to decay between charged coppermalgm elec-
trodes,? Neither a five-fold increase in efhyl bromide pressure nor a
seven-fold decrease of mercury pressure altered the results apprec@ab]y.
Change to phenyl bromide as the BrSOm bearing compound had no effect on
the fraction of positive bromines, Hc;wever, the yield of Br¥ doubled on
increasing the collecting voltage from 90 to 1000 vol‘bs.4 Therefore,
interest in the effect of a much higher electric field arose,

Three experiments weré performed in which the positive decay atams
were collected on a 1,6 mm diameter rod by a potential of 20 kv. The
rod was surrounded by a coaxial eylinder 20 mm in dismeter, Experimental
procedures and techniques have been described? but two significant changes
were made. The electrical leads to the rod and wall respectively were
brought in throﬁgh_opposi—te ends of the decay chamber. In addition, hydrogen-
redgced copper rather than Cu-amalgam electrode surfaces were employed., The

procedures for Hp reduction is described in earlier work,?

1, A, P, Grinberg and T, I, Roussinow, Phys. Rev, 58, 181 (1940).
2, P, Rothwell and D, West, Proc., Phys, Soc, 63, 539 (1950),

3. S, Wexler and T, H, Davies, J, Chem, Phys. 18, 376 (1950).

Lo S, Wexler and T, H, Davies, ANL-/397,

5, S, Wexler and T, H, Davies, ANL-4515,
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The results are_collected together in Table VI; Columns 2 and 3 give

the 18 min Br80 activities found on the rod and wall respectiveI_Ly, qomcted ’

for chemical yield and aﬂfmall 4e5 hr activity, while coltupn A g;‘;vgs fcfl}e
ratio of wall to rod counting rates, Conversion of the experimental wall
to rod ratios to fraction of positive bromines is made through the

following equations: f

o
o - r
)
W
R = Do
r
ng +n?

n++n‘g{-ng=1

where R, is the wall to rod activity ratio in the absence of an electric .
" field |
R_ the ratio when the rod is 20 kv negative with respect to the wall
ny the fracti§n of Brt |
and n: ¢ n‘g the fractions of neutral bromines on the rod and wall respec-
L.:ively,
R, is taken from the average of neutral ratios previously found for the
geometry of the electrodes and its value is 21.3 o4 Earlier ex"p‘eriments"
‘have démonstrated the absence of negative Br és a produét of the isomerie
transition procesé, The_n;_ values calculated from the equations are found
in column 5, The 61, 76_ and 60 per. cent of positive atoms observed are
far below the expectea 1b0 per cent, but are within the experimental vari-
. ation of the data obtained using lower voltages., The agreement of the
resul‘l;s gives further support to the reality of the neutral bromine atoms
found in this experiment, However.-,b despite extensive study. of the ‘
conditions of this experiment, some unknown factor may be responsible for
their presence, for no reasonable explanation for the findiﬁg of uncharged

product atoms in the internal conversion process is apparent, 9 7 7
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| | TABIE VI |
Exp,  Coffs Br Brf0 Activity(cts/min)  Ratio ny
Préssure Rod Wall (Wall/Rod)
(microns) | o
1 4ol 1020 598 0,59 0,61
2 he3 2655 760 0,29 0,76
3 3,7 1936 1202 . 0,62  0.60

2, Exchange Studies on Ethyl Acetate — Heavy Water Systems (S. Wex.'le:)

| B, Hamermesh and G, R, Ringo have recently proposed a method faor
determination of the capture cross section of hydrogen to an accuracy _of_
better than one per cent, The desired accuracy may be attained with the
method of the exponential pile, A hydrogen containing compound dissolved
in heavy water is the diffusing medium for neutrons, ‘

About 200 liters_of very pure D20 are used in this experiment,
Because of its high cost, the water mﬁst.be recovered without loss of
isotopic purity, Obviously, the }Wdroéen compound mst not exchange with
D20 and must also be readily separated from the latter, Ethyl acetate
appeared to 'satisi‘y these restrictions., However, the following experiments
were carried out to test the exchange of these constituents under conditioms
roughly simulating those to be employed in the proposed experiment, Three
éolutions of ethyl acetate in 'DQ_O, two per cent ethyl acetate by volume,
were prepared and allowed to stand from four to seven days, Two of-the-
solutions were in contact with #347 stainless steel filings for the standing
period and then’di'stﬂled from a portion of the same filings, The filings
were added in Qrder‘to expose -the solution to a much largef surface area
than that of the. still in which the 200 liters of solution a:;e to be '
purified, Distillation was through a fivé' inch Vigreux colﬁmn., After fhe
organic compound boiled over, 'several fra;:tions of the heavy water distil-

late were taken and analyzed for isotopic purity, The D50 content of

779-2%
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each cut is given in the accompanying table,

TABLE VII

Isotopic Purity of Distilled D0 Fractions

Per cent D20

Fraction Exp, 1 Exp, 2% Exp, 3%

Original 99,72 99.75 99,71
3 99,60 99.64 99.67
4 99,70 . 99,62 99.67
5 . 99.69 99,64 99.70
6 99.74

- *The ethyl acetate - heavy water solutions in these runs were in contaet

with stainless steel filings for seven days and then distilled from &
portion of the same filings,

The heavy water content of the fractions in Experiments 1 and 3
appear to be within experimental variation identical with the original
Da0,- The slight e:ﬁchange indicated in the second run is thought to be
due to incompl_eté drying of the steel filings after cleaning, Apparently,
hydrogen in ethyl acetate does not exchange ﬁith heavy water under the

conditions of the proposed experiment,

. 3, Preparat:.on of Metallic Na”4 from A1 (n, ) Activation (S. Wexler)

In this sectlon is described a procedure for preparatlon of Na24 as
the metal after pile irradiation of aluminum nitrate., This method was
originally investigated in the at@pt to obtain a high enrichment of
sodium activity necessary for use as a source for a molecular beam,
Althoﬁgh the required specific activi‘by was 'nol't achieved, ifc is felt that
there might be interest in this relatively simple method fox; making metallic
Na24 |

P
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70 gms of AL (N03), 9 Ha0 were bombarded for 2, hours in the heavy
water pile and then dissolved in 93 ml of conc, HNOB, the solution being
warmed tp affect‘claaring. 185 mgs of NaNOB was then added as .qa.rl_‘ier?.
The solution was cooled slowly by standing fof one hour and then cooled
to =3° C. in a dry ice bath, Orystallized A1(NO3)5 was centrifuged off
and washed with 50 ml of 'conc. HNO; previously cdoled to 0° C, The came=
bined supernatant and washings ';}era' evaporated to dryness, the very s;;all
residue taken up in 10 ml of hot water and the remaining aluminum precip-
itated as ‘the hydroxide., To separate the sodium completely from the
Al(OH)3 ,' two reprecipitations were ne‘aessary, 'The .supernatants from the
three.hydr_oxide precipitations were combined and evaporated to dryness
with a few drops of conc, HNOj3,

The NaNQO3 residue was taken up in a few drops of dilute HNO5,

transferred to the silver covered electrode (Figure 4) and evaporated
to dryness, The electrode was placed so near the soft glass evacuated
bulb in Figure 4 that the sodium nitrate, when held molten with a micro-

—_

burner, wetted the glass, The bulb contained a tungsten wire cathode
which we heted by 10,5 volts A.C.° When the D.C. voltage was 225 volts -
and the NaNO'3 molten, the current across.the glass rose to 10-12 milliam-

peres, After several minutes a film of metallic sodium formed near the

top of the bulb, About 75 per cent of the Na?4 activity could be separated

from the aluminum by the chemical -separatian, while a large fraction of

the sodium was electrolyzed through the soft glass tarrier,

4, Hot Atom Reactions in the Pile: Organic Retentions of I>-Benzene and
CgHg I-Benzene Solutions (Frances Mohr and S, Wexler)

~ When an iodine nucleus undergoes radiative capture, it may suffer a

recoil of up to 500 ev, The energy available is far in excess of bond

6, The - electrolysis apparatus is a modification of the one by R, C, Bur‘l:,
J. Opt, Soc, Am, 11, 88 (1925),
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energies, 4n organically bonded iodine atom would be freed as a result

qf _i:hé one or mare Y ~rays emitted in the process, Accorgling to re_cerrt
ideas, the energetic atom in a liquid solution would escape from the
liquid cage in which it was formed, be slowed down by elastic collisiong
with atoms of the solvent, and eventually remain unbound or react with a _
fragment of a solvent molecule produced by a collision‘,,79899 Since the -
unattached iodine can be removed from a neutron irradiated organic liquid
by extraction with suitable agueous solutions, the f’mction of iodine
becoming organically united can be determined by comparison of "bhe 1128
activities in the organic and aqueous phases, This fraction is defined
as the organic retention, We have attempted .to use the experimentally
determined organic retentions to study one featurée of the theories of_
recoil reactions, namely, the escape of the radiating 7128 afom from its
bonding partner on neutron absorption, For, if the iodine concentration
is sufficiently low and the recoil atom escapes from its liquid cage,
the initial chemical state qf’ the 'target__iodine should not inflgence the_
ways in which the 1128 combines after being slowed down to bonding energies.,
On the other hand, if the recoil iodine recombines with its originally
linked radical, the organic retention will be gre.ater if thé iodine is
initially united in an organic molecule than if it is in molecular 1,
form, OSpecifically, we have compared the organic reteﬁtions of irrad:iated
Iz-benzené and phenyl iodide-benzene solutions of very low concentrations,
| The procedure involved bombarding 15 .ml of the solution in a small
boron-free all glass tube and growmd glass cover for five minutes in the
"Goat Hole" of the heavy water reactor, Thé solution was transferred to
z; separato;:"y fumel, 5 ml of carrier I, in benzene solution added, and the

I, extracted into 15 ml of 0,08 M MasS»05, . Prev:musly, the nradlatlom

7. J¢ M, Miller, J, W, Gryder and R, W, Dodson, J, Chem, Phys, 18 579 (1950)°

8, W, F, Libby, J, Am, Chem, Soc. 69, 2523 (1947).
9. J. M, Miller and R, W, Dodson, J, Chem. Phys, 18, 865 (1950),
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vessel was rinsed out with the same bisulfite solution, The 7128 activity
of eaph of the two phases was measured inia high pressure__~ionizatipn ghalnper
eguipped with a vibrating reed amplifier, The bombardments were monitored
with a §tandard MH,I solution, ) )
The data from ail Tuns are c%ollected in Table VII.I.- Since the counting
chamber was not calibrated in tex;'ms of actual disintegration rates fhich
is mneéeésary in this eicper:hnent) , the activities are in scale readings,
The retentions of the initially oréanic bound iodiné mixtures are much
higher than those of the Io in benzene solutions, Unless there is some
unkmovn overriding reaction, it ié possible that the explanation lies in
recombination éf the recoiling iodine atom with its original bonding
- partner after the neutron activation, The results differ Af’rom those of
Miller and Dodson, who found the arganic retention of dilute benzene
solutions of chlorine to be independent of whether the chlorine existed
initially as Clp or as CCl;.? However, it should be pointed out that

the iodine solutions studied here are about 1/100 as dilute as the chlorine

employed by them,
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'MBLE \ZIII

Grga.m.c Retentions of Neutron Irradiated Ig_-Benzene
and CgHs I-Benzene Solutions

_— : 1128 potivity (miJlivolts)( )
Solution Concentration Organic Aqueous Retention
o - (Molg Fraction I)

Ip in 06H6( ) 3. x 107 13.5 50,2 21.2
Ip in Cgly 3.4 x 1075 502 2704 15,9
o y 8.3 297 218

" " 46 - 236 16,3

" : " 6.5 28,0 18,8
Cglis T inCgly 4.0 x 107% 29,0 81,0 26.4

’ n 3.9 85.2 29,6

" 40 x 1075 5.7 11,7 32.4

no " 63 150 29,5

" " 5.0 13.4 27.2

(2) Activities listed for the less concentrated solutions are for a time
25 minutes after irradiation, 75 minutes elapsed between the end of
bombardment and the counting time in the 4.0 x 10~4 mole fraction
Cels I solution, '

(b) This solution was irradiated for one hour and then allowed to decay
75 minutes before the activity measurement,

5 / Condensation of Nazl* Molecular Bea.ms on Various Metals (7. Dalman
and S, Wexler).

oy M
In Wattenberg's design of a molecular beam apparatus for the deter-

mination of nuclear ‘spins, the intensity of the beam is monitored by a
metallic tape crosswise to the collecting wire.ig The minute beam of
radioactive .nuclei is condensedi on the\w{re and tape after leaving the
' _magné_tic field, the two collectors moved under individual end window

counters, and the act:.nty on each measured, The counting fate of the

16, J. Dalman and A Wattenberg, ANL-4397
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collecting wire determines the intensity of the molecular beam at the
original position of the wirg, while thg activity on the‘tape measures
the intensity of the entire beam, Obviously, all or a constant and high
fraction of the radiocactive nuclgi must condense on the wirg land tape fo;j
this method to be useful, In this report we describe experiments made to
determine the efficiency of several metal tapes for condensation of
molecular beams of Na24, N

50 to 100 mgs of metallic sodium was irradiated to approximately.
half-saturation in the central thimble of theAheavy water pile, the metal
was transferred to & small oven ani, on vheating the oven, the molecular
beam was located with a surface ionization detector, The beam was then
allowed to fall on one of several metallic tapes for periods of thirty
minutes to oné hour, The amounts of Na condensed'was measured through the
.activity of the tape after moving it tc; a position below an end window
céunter.

Tapes of nickel, brass and coppei‘ surfaces showed no activity above
background when used as collectors for Na?4 beams, However, a copper-
amalgam tape yielded the activities listed in Table IX. This chemically -
ac'l';ivg sgrface was prepared by immersing five mil Cu‘tape in a dilute
nitric acid solubion of mercury, rinsing in water and outgassing under
vacuun,

TABIE IX
Na24 Activity on Cu-Amalgam Tape

Time of Exposure to Beam Cts/Min Above Background

(min)
30 23
60 . 55

779~ 325
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Apparently, sodium atoms terd to re-evaporate from the metallic

-§prfaces '_b,est_egi_, with the exceptién of Cu-amalgam, The amalgam seems to

- be effective in condensing Na on first collision with the surface,

779-3¢
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X, .ﬁad;oactivg__lndimn Recoil Atems (S, J, Yosim)

'More‘ experiments were run to determine whether recoil atoms emitted
from indium 's,ur_i‘aées were in the. fctr_'m‘of neut:ai atoms or ions, Da'l_t.a of )
the fall quarter iﬁdicated the possibility that the recoils were positivély
charged, since a collector which was positive with respect to the indium‘
source contained fewer recoils than a field free colleci“l;or. |

During this quarter, five experiments:. with charged Jelectrodes were
run, the indium surface not being exposed_to the atmosphere until after

-

the irradiation, In two of these a positive 1500 volts was applied and to

the other three a negative 1500 volts, The following are the data:

Chamber $1,500 volts ~1,500 volts Field Free
30 2,680 ¢/min - 9,300 c/fin
31 2,400 c/min 5,900 c/min
36 9,700 c/min 9,100 ¢/min
37 : : 11,100 c/min 5,960 c/min
38 7,950 c¢/min 6,950 c/min

_ The above data together with the earlier data indicate the probability

that the recoil atoms from an indium surface are ¢ ions, A similar experi-

ment will be run with gold foil as a source of reéoil atoms,
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X, Group #3 = M, G; Inghram
1. Krypton Content of tﬁe'jiﬁbéﬂﬁéféA- (R, Jo Hayden, M. G. Inghram)

The determination of the krypton content of the air by the mass
spectrometric isotopic di}ution'method has given some prelimihafy results,
There are, however, sevefei'eXperiments‘which,mﬁst be completed to test
for systematic errors before the results can be considered as final. The
results to date iﬂaiceﬁe a value of 1,06 %+ .0l ppm by pressure for dry
surface air in Chicago. |

Tﬁe'majef'&iffieulty in this type of analysis is handlihg small

amounts of gas in a reliable and reproducible manner, The amounts of

Kr used are of the order of 8 x ]10"S cc at S.T.P. There are several

‘precautions which have been found heceeeery'to give reproducible results

with these small quantities of gas: Tﬁese‘pfe¢5ﬁ%i5ﬁé'eén best be

pointed out by giving a brief outline of the experimental procedure, The

'techhiQﬁe outlined can be ueed wifﬁwhﬁﬁfbbiieﬁe modificatiens te ehaiyze

dny gas for trace impurities.

1:-'MakeAkrypfen traecers by neutron irradiation of outgassed NaBr
in an evacuated quartz capsule.

2;‘ Recover tracerﬂhum»NaBr by vaporization of NaBr in a greaseless,
chareoal free system, and purify gas with a calcium furnace.

3; ‘?ut>£§55ef'in a gfééseless,éhéfcééihfree’sjeteme‘eontainihg a
“ﬁﬁﬁeef_of‘eample tubes (bfeek~off typéi whose volume rafio is
‘gaoﬁa'aaa which can be isolated from one another simultaneously
by mercury eutoffso ) ‘

ho After complete mix1ng and equilibrlum has been established,
isolate the indiv1dpa1 tubes w1th.the cutoff and seal off the

‘tubes with a torch.
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‘Prepare standard spectroscoplcally pure (Linde) krypton sample

of known volume and pressure by'use of a modified MeLeod,

Mix one of- the‘tracer tubes with the standard krypton and measure

the mixture on the mass Spectrometer to get the ratio of the

amount of tracer krypton to Linde kryptono Thus knowing the ~
amount of tracer in one sample and knowing the ratio of 'its volume
to the other tracer samples one knows the amount of Kr tracer in
each'tracer aample tube, . _
Repeat steplé with several other samples to check for statistical

errors. |

Take anvoutdOOr air-samplelof‘nd 80"cc'hy”breaking off an eracuated
vessel, Reisolate with a mercury cutoff and seal off w1th a torcho

Mix this known volume of air with one of the now known krypton

tracers st111 in a greasiess charcoal free systema After mixing

is completed, remove ‘the gross gas 0, ‘and N, by treating w1th Ca°

Measure the resulting krypton in the ‘mass spectrometer to get the

ratio of the amount of tracer to the amount of air krypton and

”hence‘the krypton content of the atmosphere.‘

mioﬁ Repeat step 9 with other sanples to check forlstatisties:

The major source of systematic.error:ls gas absorption even in these
FcleaﬁisyStems;, We are at present trying to evaluate these errors by'

using tracer'samples having quite different surfaee to volume ratios,

Pu2l0 Halfilife - (D. C. Hess, M. G, Inghram)

ln cooperation with the Chemistry Division, the samples‘of plutonium

and-uranium wilked from plutonium samples (see Aﬁi—hhg9,p27).have been rerun
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on the new high resolution 12" single focussing mass spectrometer,
The results were in essential agreement with the results of the oldef
machines (using 2l,110 years for the 239 half-life). The final value .

for the half-life of Pul0 is 6600 plus or minus about 1 percent;

'3, Pu Analyses - (D c. Hess, M. G. Inghran)

A sample of Chalk River Pu was analyzed in order to compare the
cross section of Pu2~ho in a slug w1th hhat obsehved by bombarding
ééparate&'"r'iu239”i& a slow flux, - The computed ratio of the 239 to 210
cross sections are somewhat higher ‘than those observed for slow fluxes°

The 1sotoplc comp051tien ‘of the Chalk River material is

w2 = 937l e 106
P20 o577 & 06
P2l = olls3 & 00k
P2l = 0,020 £ J00k

4h;. Lead Uranium Aniyses - (C Pattersqn, G. Tllton, H, Brown, D C Hess

& M. G. Inghram)

”A'héﬁ method of 1ead isotopic'ahalysis has been developed which.rea

quired only 5 micrograms of lead for an analysis as compared to previous

1000 miérogram'mininaLVLThe mehhbd.has beén ﬁsed for uranium lead age
determination in rocks containing down to 1 ppm of uranivm, Perhaps the
most interesting’ yoint Which has been yncoveréd ih7£hi§1$é¥k is ‘that
igneous rock whigh‘contains L ppm of uranium Has about half of that uranium
in the mineral théen'whiEh is present to onl&ﬁb;i%; Thie‘ahgge5£é that

in low grade ores; rather than extract;ng uranium as such, a much 31mp1er
procedure would be to first extract 21ncon by flotation, This would

impreve the ore'by a Pactor of about a thousand and considerably simplify
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the later purification, Two samples of lead extracted from petrified

bones in the Colorado carnotite region were .also anslyzed by this

‘method at the requeét of'the'AEC,'inﬂau'éttempt to get some clue to

the mechanism of the Colorado uranium deposits,

. .
.I"'.

5. Double Direction Fooussiqgfyassgkpeetrometer - (D. C. Hess, M, G Inghram)

The adjustment of the new double dlrection focu551ng mass spectrometer

'is continuing, In the process; five new isotopic limits were obtained -

1137 ¢ 00028 Sm1h2 .,0001% smll3 . 0001%; SwllS - J0001%; smlk6 & ,0002%,

These are 10, 10, 20, 20 and.lo times respectively more seneitive‘tﬁeuwéhy
previous instrument° The limits “recorded here were limited by ion intensity,
not resolution as is the usual case, Thus addition of an electron multi=-
plier 6f which we have models operating with gains of 105 should give us

the sen81tivity of the order of 10“’8 which is ‘the design figure.

Fin T

LI R
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o» o0 % . XTI, Group #4 - W. He Zachariagen
/’1. Crystal Chemistry of Protactinium - s "

- T ‘—~_ R ’
Ao Protactlnium Métal - (W, H, Zachariasen, H. K. Plettinger)

The crystal structure of protactinium metal has been determined. The
tetragonalzbodyacentered unit cell containing two atoms has dimensions
. 0 ‘ o0
= 30925 += 00005 A, 53 = 30238 + 0,007 A,
The calculated density is @ = 15,37 + 0,08, | ,
The coordination number is ten, The results.show that there are no

Sf electrons in protactinium metal,

Details are given in a special report.

B. PaH.
3
A phase isostructural with UH3 was found in a sample of protactinium

metal treated with hydrogen, This phase must accgrdingly be PaHéo The oo
. ° . :a- = -
,unit cell constant is a = 6,6l8 £ 0.010-A. , =7 . PR

s - . r
. v . . . .o :
) - - RS
- . B P - . h IS .

- P T

2. Study of Zirconium Fluorides - W, H, Za;hariasen, H.vA:'Piettinger)

By treating zirconium hydroxide with HF I have prepared t hree dife
ferent hydrates of zirconium fluoride. These are Z&Fh.hHQO, 2rF),«3H,0 and
Zth.Hgo; Samples of tﬁese phases have been.submittgd for chemical
analysis, but no results have as yet been received; The given formulag
are baséd upon the determination of the zirconium pefcentage which I have

carried out myself; ‘ »

-

S
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Preliminary resulte of x-ray studies of these compounds ares

'S ZrF.h';31120 |

Orthorhombic basemcentered unit ce11 with

a =664 R,  my=9.88K  ay=8.081%
and four molecules pef unit cell,

B, sz!.ﬂzo | '

Tetragonal bodyuceptered with _

ai =7.70 8, a3 = 11;68'3.'
and eight'molecules.per unit cell,

I have studied the hydrolys1s of Zthoﬂzoo ‘Two oxyfluorides exist,
namely zr20F6 and ZrOon The chemlcal formula of the former is deduced
from cﬁeﬁical analysis of zirconium and fluorine carried out by the
analytical ‘section ofhtﬁe‘Chemistéy Division; The formula ZrOF, is based
upon a zirconium determination of my own,

Prellmlnary crystallographlc results ares

Co Zr20F6

. ' ) 3 o
Orthorhombic face-centered with aj = 9,6h‘ﬁ, ap = 6,63 X, a3 = To9h &

.and four molecules per unit cell,

D. 2rofp

The structure of ZrOF, is related to that of hexagOnal'U035 Howevery

'2r0F, is orthorhombic, -& pseudo=cell containing two molecules has these

dimensionss

0 o 0.
31 = 60L|.S A‘S’ 3.2 = 3'0811 AD 93 = hoOB Ako
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3, -Thorium Fluorides - (W; H. -Zéeheriaseﬁ; H.;A; Piettinger)

I reported in an earlier report that ThFh.nHZO was prepared.
Further study showed that the phase in question 1s the anhydrous tetra=
fluoride, :It does not seem to have been known that, ThFh ‘can be prepared
in anhyd;oqs form in the wet wayo The conditions under which anhydrous
-ThFL were obtained are briefly as follows:

A hot concentrated solution of ﬁhorium:nitratq was precipitaped with
8% hot HF-solution, To obfain the anhydreus ferm the temperatUre of
the solutions should be ebeut 9090; ‘The precibitete was washed and dried
at 95°C, |
] It should be remarked that UFh'cannot be ebtained in enhydrous form
aCcording to this method; Experiments with bdiling solutions have in-

variably given UFh';HzoZ
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XII, Discrepancies in Nuclear Shell Theory (H. H. Hummel)

Two discrepancies in the shell theory of light nuclei are being ex-
amined in collaboration with D, R, Inglis, In F17 an s3 level occurs
~ as the ground state, instead of d5/é as expected, and in N2 the first
excited state is believed to have even parity instead of odd as expected..

. In order to check this latter poiht, data on the scattering of protons:
fromlclz, obtained at Wisconsin by G. Goldhaber and R. Williamson, to be
published in the Physical Review; were examined, .The shape of fhe reson-
ance corresponding to the first excited state of 3 appears to require
an s proton incident, in violation of what would be expected from the
theory, This merely confirms what is generally believed. |
' Some . attempts have been made without success to alter in the required
 way the order of the levels of a single particle in a central field by
varying the radial dependence of the potential. Apparently what is re~-
quired is a function rising steeply at the origin. The question of whether
.the desired result can be achievéd in a physically reasonable way has not

yet been answered,

Inelastic Scattering From Li’
The failure of the second excited state of 1i’? to show up in the in-

elastic scattering of Li bombarded by deuterons and (L -particles (Gove
and Harvey, to be published in Physicgl Review) is being studied in col-
laboration with D, R. Inglis. If one calculates transition probabilities:
based on only an electrostatic interaction between the bombarding particle
and the last proton in Ii’, it is found that the second excited state is
only one=-sixth as likely to appear as the first. However, the probability

that the first state will be excited is one hundred times too small,.
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XIII, Calculation of the Field of the Lens System of the LinearjAédélgféééf
(E, Hellund ' '

‘The-ﬁrgonpe aeeglerator has a_tube of 65 successive electrostatic lenses

ﬁprecedeﬁ by a focussing section which starts the ions towa;d the targgt with

a kinetic energy of about 55 to 85 keve' The focussing section is just a )
cylinder 10.inches long with a diameteér of 1 3/4 inches. .This cylinder actu-
ally con§ists<of two séparate insulaﬁéd cjlinders of 3 inches and 7 inché&oA
:?he short section and connectors furnish a so=called Pfield free®™ region to
the fi;st of the series of electfostafic lenses, ,Thé-following éiagram is
schematic onlys

Gonnector

fJa o Fbcussing tube
First lens Q—ZOéSO’kevﬁ S

| I
/ | 4 L J ,’ 35 kevy
L

_€~. ————— ('———-———'-———-—-——-———%"‘”Ionsfouro’e

 ' . Short section

Figure 5.

The entire length of the first lens plus connectors plus the shorf
section of the focussing tube is all at the same potentisl,

The first lens getion is that taking place at the Jjunction of the two
sections of the focussing tube., From the point of &iew of a boundary value
problem, it fﬁrnisheslthe starting slope and radial disélacemsnt for motion
down the tube,: | |

Basically the entire lens system is composed of elements of the same
typeo. That is, we néed investigate only fhe design consisting of'coaxigl

c¢ylinders of eqnalsﬂiametero

779-4%
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.Figure 6.

Actually the leﬁses which make up the main accelerating tube are trun-
qated cones, but the generators are practiéally parallel to the axis of the
tube and are, furthermore, quite distant from the axis.. One may expect,
therefore, that for the particles whose trajectories run close to the axis
the focussing prédictions based on the use of the lens of Figure 6 wili be

'quite accurate. On the other hand, for those particles that move far out
from the axis, increasing errors will infiltrate the calculations. It is
just the latter particles that contribute to sphericai aberration. .For
ﬁhese, the equations of motion are non=linear and hence the roots (points:
of intersection with the axis) are functions of the initial slope as well
as the initial point of emission.

Returning now to Figure 6 we evaluate the potential distribution for

a drop of 1 volt from one lens to the next,

L[ satkz) L(ika) - ~<)
V(n2)=-7 | (k) T (c4R) ol '

‘ 6
where R 1is the radius of the cylinders, énd Jo designates the Bessel
function of order zero, '

In the event that the cylinders are separated by a distance of "2a%,

the solution is
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(2) |

o anahYanaz) (k)
V(r,2)= | : s e

The unfortunate circumstance in regard to the above two formulae is

(-}

that the expr’essions require numerical integration. It is, therefore, of
practical interest to devise a simpler approximate procedure which will
yj.gid reasonably accurate solutions in a form facilitating rapid computs~
~ tion. .Some mumerical work is available on the evaluation of (1) and (2)

which may be used as a check on our approximate procedure.

Mathematical Analysis
The Laplacian for axially symmetric fields is

. d / (/w——é-) \" - (3)

92’2 7 a”/p

where r and Z have the usual meanings and % represénts the poten-
tial,
Solving (3) for the radial field strength E, in terms of the 2

component: of the field, By, we obtain

£t 2 f(,,,E) o

Yy
One may infer dlrectly from (4) under the assumption of small ®r®

R 2
and slow variation of a 2 that

%k, 5 9E,

dn 7- o72 (5)
or, in terms of f
N AL | 2 ~n (6)
i 2z o _

In?
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Adopting a new variable, '
| 2228 - ()

" we obtain finally,

;Z o~ ’ .
-i-,é- + 0 (8)
mZL . /

z
Hen'ce,- in solving problems of axial symmetry, we may use the theory of

conformal representation provided the results are used subject to the

. restrictions used in deriving (8).

g ‘We shall now return to the lens of Figure 6, solving (8) by means of
tlle ‘Schwarz=Christoffel theorem and comparing the‘ results with available
numerical work on (1), |

For 'convenience we shall raise the potential by 1/2 volt so that the
diagram in the 2' plane, (Z = r+1i z), appears,

. f=-7 V=0

P
W
|
V=3 ||
N
k_..__.‘_._..._é_._______%___.__
f:-'—)’ V=0

- Figure 7.

and mep this semi-infinite rectangle on the real axis of the intermediate

g plane by means of the following transformation,,

=2l -pz+2)

R
§ -
integrating,-

log[f-fel_}_z—a_f:] (z+z> I
77443
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Evaluation at ? = I rd defines . &, B
- A = __Zl/? (11)
where R, as before, denotes the radius of the cylinder,
Now the f - plane is to be mapped on the W plane so that the seg=-
ment of the real axis of the ? pla.né from ‘2’ to + 2/ shall correspond
to the line U+i (£) in the W plane, ‘
The proper mepping function is ' .
’ W'zw”é’?[}q.;, o (12)
Further, selecting ,Zo so that the left boundary of the semidihfinite
rectangle corresp&nds to 2z =0, and lowering the whole potential by % volt
to correspond to Figure 6, one arrives at,

= 77' fh/w{l—t LR (,af Z+ 4 m)}] -(13)

Klong the axis, (r=0),

"\/.=— . {M e R)) - (14

4
2V _ ( 5 ) (15)
9(z/k) I ZAVE __ZZZ_) ~
~3/z. 272 R
Formulae (14) and (15) are now compared with actual mmerical evaluation
of (1) The results appear in Figure 8, _ A
‘I'he agreement is seen to be quite satisfactory. Formulae '(14) and (15)
yield accurate plots of the refractive index along the éxis, and (13) may

- " be expécted correspondingly to yield acceptable results for small -®r® values.

Now to obtain the transformation for a series of lenses, (ignoring end
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A -POTENTIAL ¢
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Fig.8
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where j takes on positive and negative integer values, and "d® is the

Z oty lows | L + I ﬁ)-ﬁ LZ-'%"Q} (16)

length of eaéh lens,

Vo is now the voltage drop from lens to lens.

In actual practice, the series (16) converges so rapidly, that only
two lenses on each side of the one considered need be retained to compute
the radial field responsible for focussing.

Concluding this discussion, one may state the final problem,  which
is, to compute the trajectory in the focussing tube and acceleration tube,
subject to the fields given by (13) and (16). The calculation is to be
made on the basis of a linearized equation of motion since only very narrow
pencils of rays will permit the definition of an image free of aperture de-

fect, (spherical aberration).-
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XIV,. Axiel Asymmetry in the lLinear Accelerator  (E. Hellund)

Introducpion '

As is well known; production of refractive heterogeneity is a con-
sequence of the penetration of any stray field into the lens system of a
linear accelerator. Any such effect could lead to troublesome perturba-
tions in focussing properties of the tube.

In the case of the electrostatic generator, an elementary calculation
shows that the belt charge is at times so large aé to make possible a de=

flection in the proton beam of the order of two meters for an unshielded

path. ‘ _

It is, of course, true that the accelerated particles are partially
shielded by the successive electrostatic cylindrical lenses, but the in-
terval spacing is so large that one might suspect the shielding to be in-
adequaté to prevent deflections of the order of a centimeter, 'Tb produce
such a displacement would require penetration of only 1/2000 of the field
due to the belt charge o |

The gap between successive lenses is about 2% inches, beginning at
a distance of 5 inches from the axis. Actually, the beam is "shaded®
from any field coming directly through this channel. by the cyiindricél
bands forming the real lenses. Still, the mean open channel width through
the space between lenses is about 15 inches in an overall length of about
L% inches.

In tﬁe following, the problem of penétr&tion in such channels has
been treated for the two dimensional field., Change from three to two
dimensions considérab]y'simplifies the analysis although at the expense

of depriving one of a simple correspondence between the transmissions in

the two cases,
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Mét"ﬁématical Analysis

One considers the array in the Zapiane, A

Figure 9.

Where the correspondence with the pointé in the W=plane is indicated
as for an infinite series of wedge shape lenses of zero aperture. The

actual lenses are of the following appearance:

I

- : Figure 10,

.- However, as will be shown in calculations on the geometfy of Figure 9,
k— _. the peyetration is a functioﬁ solely of the ratio of lengﬁh to width of the
J channel, and is independent of the orientation of the external field. .We

shall therefore multiply the transmissions for succeeding channels: although

this is not rigorously accurate since the successive incident fields are

L perturbed, ' 9\ 7 ? 5}4
' e
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o Betgrn;lrig to Figure 9, it may be seen that symmetry allows one to map
just half of the plane.

. :lf.}xnploying the Schwarz=Christoffel theorem, with the Welerstrass factor
ﬁbeorem, one may show without difficulty that the correct mapping function

is, o

‘50(/'71‘ “ : "*‘Q:/W

T E=(§§)W{-}(w- U.)}]%{—;-’f (W-U }[Mf%’(w—uj Z} (1)

where E is the strength of the electric field.

_Forl yl —P Ry 'Ivl — o= , one obtains,

SI[E . u (- L)y,
=, 5 u-tr( %) 3_7 @

which leads to the following restriction on Uy, Uy, U3,.

LUyl B uso
If one now adopts new variabies ’
6= X (w-V)
g= F(u-W)

(4)
_.6;- %(Uz'UJ

| 8,- L (1-u)=0
we obtain,-

, _% | | |

EJ-4L (wn8) an(e- 6 un0-5)] (5)

with . ' ‘ |

(- _%cr_> 8, - 8, | (6)
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' - ’ For simple disc shaped lenses, 2 we have

- eajocs z =26, P -
The latter statement merely confirms the physically obvious conclu-
sipn that, in such a case, as many fieid lines terminate upon one side of
the lens as upon the other.
‘With the choice of variables of (4) one may easi]y recognize that the

percentage of the transmitted field is,.

fraction —_ 77"- 6 3
trans, field

Where 93 , and 62 are fixed by (6) and the geometry of the lens

system (i.e., by the ratio of b/a).
Insertion of the lens specifications is facilitated by the fact that

the transmitted field is small,

m-6,= € —0 L2

Writing,
.,z5’_=.0(+é(l_—%); T-8=86, 0
| 5 s
I f (M X) 7 im (x+@)]en 1+ é)] (12)
one may show by elementary means that,

oI [M[d-f-é(l- TT))?'— [M[OC € ’h’j
dE aim (€)

“Where the above relation is exact and does not demand that 6 be small,

(12)

Héwever, in the limit of G - 0

I(é)=-(Aim0f>)u%é+M+O(é) : (13)
777 ~s
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As may be seen by consulting (5), I(€) furnishes the scale of "b%..

Integrating (5) from 913‘ to 7Tth‘en inserts the lens spacing.
T - & g
(ainx) T dion (Xt8)ein (+€) o(x:-7r+0(é *)

m-¢

Finally, therefore, (
fraction — (im %) & ) -
_of trensmitted — - (15)
field ' '

It may be noticed that (15) can be written in simpler fashion as
L
-(m) (17)

where L =b is the length of the channel and W is the width (perpendi-

(16)

cular), Finally, the product of the transmissions of the two sections
making up the entire channel, (Figure10), on inserting numerical values,

yield,

‘W[H‘ '(‘ij':)] -5 b

The transmitted field, therefore, can not be regarded as physically

significant,
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XV,,. Electron Recombination and the Mobility of Helium Ions in Helium
-(-ﬁ. E, Meyerott)

) It has recently been pointed out by Bates! that the electron recombing-
tion coefficient and the amblpolar dlffus:Lon coefficient reported by Biondi
a.nd Brgwn‘?' are apparently contradictory. The elect.ron recombination coef«:
ficient repprted must be that of Heg since it is about 104 times larger than
one' would expect fpi' _Het while the ambipolar diffusion coefficient reported
gives;a value of__the ‘mobility of helium ions in helium of 13.7 cmz/volt- sec.
in agreemen‘b with the value 13 cmz/volt sec, reported by Tyndall and _I’owell3
_in“_}930, It has been previqusly suggestédﬁ that this value is pfobably the

mobility of He+ in Reliumgwhile the value 21.4 cm2/volt seco reported by

" Tyndall and Powell’ in 1931 is the mobility of He; in helium, Biondi and

Brown? have aj_.so suggested that their value refers to the mobility of He'
in«.'l.;el:‘i.mn. Thus it would appear that the measurement. by Biondi and Brown
of the electron recombination coefficient was that of He-g,while at slightly
I_Low.er preAssu.res the measurements of the ambipolar diffusion coefficient was
that of He+.

These results are not necessarily contradictory, for the electron re=
combination coefficient was measured at gas pressures of 28,7 mm and 21.2 mm

and initial electron concentration about 1011/ cmB s While the ambipolar dif- .

fusion coefficient was measured at pressures from 2 mm to 12 mm and electron

,eoncentration of about 109/ c!m3 o .Not much is known about how the helium

molecular states are formed in discharges at high pressures, but it seems
likely that the metastable molecule Heg is formed first and then later

jonized to form He'g. The molecule formation involves a two or three-body

1. D. R. Bates, Phys. Rev., 77, 718 (1950)

2, M, A, Biondi and S. C. Brown, Phys. Rev. 75, 1700 (1949); Phys. Rev.
6, 302 (1949)

3. KA. M. Tyndall and C.. F. Powell, Proc. Roy. .Soc. _LJ_.Z__Q, 162 (1930)

4o R, Meyerott, Phys. Rev. 66, 242 (1944)

5, R. Meyerott, Phys. Rev. 70, 671 (1946)
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collision, so that the probability of fomgtion‘is p;‘opo;‘ti.onal to the square
or cubg of "che_Apressure;, If the mblecule ion forﬁation is a two-stage process,
the number of golecule jons will vary &s the squarg of the electron concentra-
tion used to excite the gas., There is some ’indica’oions ~in dischgrge tubes
somevhat larger than those used by Biondi and Brown that the number of meta~
stable molecules approximately'equé.ls the number of metastable étoms at pres—
sures of about 3 mm.. Hence, we might expect that the number of Heg jons ex=-
cee‘d{ad‘ thé number of Hel ions in the Biondi and Brown measurement of the
electron recombinﬁtion coefficient, while tile' reverse was true under the con—
ditions at whlch thg ambipolar diffusion coefficient was measured.

Ip addition, these experiments are highly seleqtive. S:L?ce the electron
recombination coefficient of He-'é- is apparently ~10% times that of HeT ’
even in a mimture of 50% He' and 50% He} essentially what is observed is that
of He-g 17 The ambii)olar diffusion coefficient is measured by observing what
amou;its vto the decrease of the number of positive ions with time. The ions
witb the highest ' mobility .disapi)ear first, If one waits long enough after
the discharge has been turned off to observe the ambipolar diffusion, most
of the ions of high mobility,, He-'z-, will have diffused to the walls, and only

those of low mobility, He+; will be left,
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XVI Potentlal Fiélds Around Jons in High Te
G. Keller* and R, E. Meyerott.

erature Gas Mixtures

Pre11minary to the calculatlons of the radiative opacity of gas mlxtures |

R

of astrophy31ca1 interest, a study has been made of the potentlal fields in
the neighborhoods of gaseous ions, with particular emphasis on the effects
due to adjacent ions. |
Methods used heretofore have assumed that each ion is enclosed in o
spherical volupe of radius az_(Refo 1), wherein no other ions are permiﬁted;
This is of course, only a first approximation, Using a generalized Thomas-
Fermi method it has been found that, for pure iron at 11.6 million degrees
apd with three bound electrons, the density of neighboring ions at a distance
of 1/2az from any particulaf ion is still appreciablo° For a gas mixture
of the p;oportions suggested by Harrison‘B‘rown2 the densities of Hy, He, O

and Fe ions at 1/2a_ are 76, 57, 13 and O percent of the respective average

2

densities. The accompanying depression of the ionization potentials is only

60 percent of that computed by Morse's methed.

1. Marshak, Morse and York, Ap. J. 111, 214, (1950)
2, H, Brown, Rev. of Mod. Phys. 21, 625, (1949),Table III .
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XVIT, Photon Absorptlon Coefficients of Light Elements and Mixtures
B zﬁo E, Meyerott and S. A, “Moszkowski)

Abstract ~ The problem considered was t6 find a mixture of elements which
acts as a filter for radiation by absorbing thermal radiation corresponding
to a temperature of 1 to 2 kev,‘but transmits radiation of higher frequency.

For cases of high temperature and low density, the equations for the

various absbrption and scattering coefficients take a simple form. These

equations are discussed and it is estimated what mixtures have the desired
property of being a filter,

The complete report of this abstract will be published as ANL—-4594.

XVIII, Interim Progress Report on the ORNL Digitél,Cdgguter (J. C. Chu)
The interim report on the status of the digital computer is to appear

The report contains a discussion of the logical design of

the machine and of research and development work to date.






