























































































































































































































































































































































































































Cenersl L. R. Jrovee - /1% - 2,

I tterefl re hope vary much it vill be your decia’..a to adbandcn tlhe
K-25 program, but !u event ycur decisicn s otherviee, you way reat assured
I will "play tall.” I shell aseume ‘hat [ A0 not Lave all the facts tefore

me and Lthat ycu have gocd reascns for cont'nulng.

Sincerely jocurs,

LB - oo

CC Dr. L. J. Brigss
Lr. A. H. Compton
Dr. B. V. Murphree
Dr. B. C. Urey

Copy Ir J. B C-nant
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COLUMBIA UNIVERSITY, DIVISION OF WAR RESEARCH
Suit "nle oortal No,1 U-Lel7y

¢l ral L, &, Jrov 8 oarg Jai, , *J“l sugar J rrROM HSU
nutTiaLe

entrifuge were nerlectiy cleen-cut &no dellntte from tha
ery begliilng, Trey wers ohvlioue 12 ug ai., and without
eflanlte anegwerg on the feasibility 97 aspl.nlay the centrifuge
nd of mwaintelnli.s ti- counterdu-r<nt llow Irom the o niriduge,
o definite r-coz.en.otion wos ,dNeentbhle up to irz grecent tine,

However, t!» centrliuge jos now lwen 2nerat. .z eucceeefully
w.d 1ts problensg a,p ¢r to te no ;reater t: an tney did two
yeara sgo, Cn tae otnrr .ol ~er zethoas ..Ave revealed

theneelves to Le far morcicom;lex and dt-;ioui: than they were
thought to te tihien,

I do aot recsll that I have ever lecrned what your
tine li~it for any ~f tnecse :rdlests may te, My cwn idea
has been that anvtiing rod 3ro\uc1*r 75 by the autumn of 1345
is or little Interegt for tne .resent war, It would gseem to
me that snte .o ¢enuld te ;roducel by the centrifuge nlant by
that tipe, 'nd that the time egtlmates on the centrifuge plant
can bs pade with far rure configer e thoen can any such ecgtl-
nateg for tne diffusion plant, Howvever, the nnly worthshile
orinicn along trls line c¢»nuld ke made by A enmnittee after
it had studlied all time sch-2ules mdre car- fully,

3, I can thing »f tne followlag courses of action
in regard Lo tha2 centrifug. developmentg

a, Tre centrifu,e cou.l 2 used tor tho top of a
coabiratioun diffusion-centriruse plant, I do not
aubgceridte to this sugxLestlon,

b, The ceatrifu; - ,lant coull De rui 2m another undere

tating undoer Manhetltun Dilstrist, rerallel with precent |

projects, I would rot be in fav.,r of this,

¢, The centrifuge ,lunt cxidi Le rubstituted for the
d1ffugion or eletronapnstic pienty, I btelleve I
an well erough informed in regard Lu the electro-
magretle plant to conclude taeat Lt inouid go furward
and be ¢omnlet -3, The ,o-31bilily wi.ich 1 Jo see
1a the gubatitution 3f th ecentoifu e piaat for the
diffusion plant, I should llke to 8L¢J€bt that a
connjittee be asked to atuly this pouss'bility, Als>,
I would suggest that the committaee incluae in ite
Lorbership the principals of all the present separa-
tion projectia, Particuierly, tul- couclittes ehould
study oritloaily, ti.e schednles o the K-25 i roject
as aoapared with such schedules fo.° the centrifuge
plans, This comaittee c¢houlid aleod evtlaste the
effegt of voraihle difficulties nhead on necting time
echedulos for besh plants, algo the pocalbility of
using tha feoflitles botr of tne s.onufsic turing and
plant eltee al~dady dullt or iealined tor tha r.of

ia’\
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II. Gener-l B sis for Superiority of Electromssmetic Method
Since the only festure distinpuishing tﬁm isotope is its
3, =nd since mass, m, is defined only by the reli:tion, me = Force,
re a is uccelerstion, or whet comes to the snme thing %*W " & kinetic
rey. “Khere N 1is velocity of particle, it seemed pleausible thst tnose
ods of isotope separation would be most effective which give a larve
value to the kinetic energy of the psrticle. But lsrge relstive to
vhat? Study convinced me that it was the ratio of the ordered kinetic
eflirezy of the perticle to its random or thermal energy which wes the
ificant factor. I was led to believe that the expression

§w IVt

1y e = €

would givé the megnitude of enrichment attainable in a process where ::% is
tll fractional difference in mess of the isotopes being considered, %yﬁJ'is
tigl "ordered" kinetic energy, or the kinetlc energy ascribed to the average
vgibcity of the partiéle,‘%-ET is the "random™ kinetic energy or "thermal”
kimptic energy, or the kinetic energy ascribed to the instantaneous
di™erences between the actual velocitles of a particle, and that of a
particle undergoing only the average motion, and finally, where a is a

copgtant of the order of magnitude of unity .
The formula above may be illustrated by the mechanical centri-

. Let \[b be the peripheral velocity =t the outer rsdius Fi : then the

abfile formula (1) will give .. . ;%

(2) e = €

hY

i

the enrichment at the periphery over that at the center.




On the other hand, the centrifugsl force on a particle st
[
redius b ods 'wy Vg , and the integral of the centrifug=l force,

S B~

Y R Lo
W = gh\bv: Ar = Awig Hence, by Boltz€enn'b relstion,
" S 1wy
. & Ehalll Sl
(3) € = € ~ < € )

The formule may slso be readily illustrztec by the mremetic
m=3s spectroscope.

Now by purely mechenical or thermel vrocesses, including
diffusion, it is possible to give psrticles ordered kinetic energics of
the same order of magnitude as the random or taermal ererpy. But if the
particles can be charged electrically, then with electric #nd msenetic

fields it 1is possible to give the psrticles ordered energies thousrnris of

times as large ns the rundom or thermel energies. Hence it vould seem that

the electromsgnetic method of seperation should be superior to zllothers,
provided the cost 1s not too grest for producing cuantities of ions at

low random or thermal energles.

IIT,

I had knovn for some time that the vapor isSuing from the
cathode spot of an arc between metsl electrodes drawn in & vacuum ié in
a highly energetic state, and therefore prob&bly nearly one hundred per
cent ionized. See the following references: ;

Tanberg, Phys. Rev. 35, 1080, 1930

Kobel n " 36, 1636, 1930
C. Meson & V. E. Berkey, Phys. Rev. 38, 942, 1931










energy at the origin,
2
(8) 4wV, + LWy = —eV

where \( 1s the electric potential et the point reached by the ion, the

potential at the origin being zero. This gives
N
L —_
(9) L wvr = i\ Vi)

Thus the particle csn go out only if \/' (negative) exceeds

numerically \JLﬁalso negative). If the initial velocity of the ion is not

N\

zero, but (\)..)Q:A\)v) then (9) becomes

(10) ’%W\)rl - —-€ K\’ ~{VL‘+ % MKG:} )

The effect of the initial velocity is as if the Larmor Potential of the ion
were reduced (numerically) by the energy equivalent of the initisl velocity.
Concerning the axial motlon of the ions, it is clear from the
disposition of the axial magnetic field and radial electric field, that each
ion leaving the ion source will retain unchanged whatever initial axisl
velocity it had at the source. Thus, there will be a diffusion of the ions
to the axially bounding electrodes of the centrifuge, and this diffusion
rate will be independent of the radial electric fields which are impressed.
Suppose, now, that in an ionic centrifuge, that is a cylin-
drically symmetrical v=mcuum vessel with a point ion source on its axis, the
radial electric field is kept above the Larmor field up to & certain radius,
R, and is less than the Larmor Potential beyond this radius. &hen if the
individual ions follow paths given by equations (6) and (10), they will
out in spirals up to the radius R. Then, retaining the Larmor angular
velocity, they will spiral back toward the center. At anx’pgrticular radius







direct collisions in the sense of kinetic theory, beccuse the expected

censity of lons was too low to expect such kinetic theory collisions to

take plece. Nevertheless I expected interactions of some sort with

similar effects. Thst is, I believed that a beam of ions, pessing through
& cloud of stationary ions, woula be culckly scattered. I wes strengthened
in my belief by the known fzcts concerning the motion of electrons in a
plasma, Langmuir(l) had observed that a besm of electrons projected into
a plasma is scattered into a Maxwellisn velocity distribution in an ex-

traordinarily short distance. Others have verified this rnd further

1. I. Langmir, Phys. Review 26, 585 (1925)

investigated the subject. (2)

2. See R. Rompe and M. Steenbeck, Ergebnisse d. Exacten V.iss. V.18,
pp. 257 - 376, (1939)

Let us now, therefore, see what we c=n learn from ecuations
(6) to (10) if we now assume that ions moving relative to one another inter-

act, exchanging momentum and enérgy. ’

We first see that the circumferéntial veloclty of the ions will
be unchanged by the ion-ion interaction. For the “circumferential velocities
of the ions are all thé.samo at any point, whether the ions are moving
radlally outwards or inwards. Hence, interaction should have no influence

on the mean circumferential velocitiss.

However, according to equations (9) or (10), =t any point there




will be two redial velocities. Approximately one-half the ions will be
moving outwsrdly asnd the other half inwardly with the redial velocity
given Sy (9). With ion-ion interaction, such ss I expected, these two
radial velocities will be very largely converted into a Mexwellian dis-
tribution of velocitles with the same mesn scuare value.

Thus the picture of the ion motion becomes changed as far as
the radial motion is concerned. W®hile the ion cloud or swarm continues to
rotate with the constant Larmor angular velocity, the radizl distribution
of the ions 1s governed more by diffusion of ions under Maxwellisn radial
velocity distributions, then by the motion of two oppositely directed beems

of ions with velocities given by (9). If a rather complete Mexwellian

rzdial veloéity distribution 1is obtained, then the radial distribution of

density of the ions should be governed by a Boltzmenn relstion,

g —e(V-V.)

(11) n o= N, © nT

In any crse, the density should now be greatest where the
potential exceeds the Larmor potential the most. To obtain a particular
desired distribution of deposit on the axislly bounding electrodes, the
electric field should be controlled in this way: when the deposit is less
than desiréd, the potential should be increassed in magnitude; when the
deposit is greater then desired, the potential should be decreased.

So far we have not spoken of the motion of the electrons which
will need to be present to neutralize most of the space charge of the ions.

Actually, these electrons will have a density closely ecual to the density

o




of the ions, the two densities differing only by the small smount necessary
to give the small charge density called for by the divergence of the Lsrmor
field. It was expected that these electrons would be supplied by secondary
emission from the axially bounding electrodes of the centrifugé.

In a crossed constsnt electric and magnetic field, it is well
known that an electron will move in a direction at right angles to the two
fields, and with a mean velocity given by E/H. It is clear that with this .
velocity, the magnetic reaction e\\Vjuat balances the electfical force QEi
Superposed on this motion will be a motion in a circle with frequency §2} ;
the resonant frecudncy of the electron in the magnetic field. If the energy
of the electron is small, this circle will be of small radius.

In the moderste radial electric field of the ionic centrifuge,
the electron will move with this velocity E/H in a circular path, about the
axis of the centrifuge. At the Larmor field of the ion, this velocity will
be one-half the Larmor circumferential velocity of the ion, snd in the same
direction. The small mass of the electron makes the centrifugal force on
the electron in this circular orbit negligébble. Superposed on this motion
of the electron will be a motion in a very "small circle with the resonsnt
frequency of the electron. These results may be deduced more exactly
directly from the equations of motion of tﬁéjelectron.

Thus the spacé—charée/reducing“électrons in the ionic centrifuge
vill go around in circleé, with zero net radial velocity, providedithe
electrons do not interact or mske collisions with other particles. Of course,

~in the actusl centrifuge, the electrons will make collisions with the

" molecules of the residual ges, snd this will cause the electrons to have a




finite redisl velccity. This velocity may be readily estimeted. Consider
en electron in & crossed constent electric field E, snd megnetic field H,

end in a gas in which its mobility i=s % . We readily cslculete thet its

veloclity in the direction of the electric field is glven by
KE
V3 WY

() N = ‘e

where E is in volts/cm., H in gsuss, #»nd X in cm./sec. per Volt./cm. At
the residual vacuum expected, K 1s sbout 1010, E is of the order of 100,
and H, 5000. This will give N = Y cm./sec. This is infinitesimal compared
with the radial velocity of the ion, sbout 104 cm. per sec. Thus the
radiel current inwsrd of the space charge neutralizing electrons will be
an extremely small fraction of the ion current. |

Ve are now ready to discuss the expected operstion of the icnic
centrifuée. Lts slready indicated, sné ss illustrsted in Figure 1, the
ionic centrifuge is a cylindrical vacuum tank in an axial megnetic field.
In the axis of the tank is an &arc source of ursnium icns. At ench axisl
boundary of the vacuum space is a nest of concentric flat ring electrecdes,
which can be energized electrically es desired. The outer radius of the
vecuum spece is bounded by & metallic cylinder, which cen also be energized
electrically as desired.

What will happen if we reise the potential of say the first
end rings negatively, reletive to the arc, btut keep the other rings &t zero
potential? There will be & small electron emission from these first rings,

photoelectric or otherwise. These electrons will flow out into the space

3




opposite the first rings, and beceuse of the very small rsdisl mobility of
the electron, will rzise the votential of this spsce negetively. Of course,
this space poterntial csnnot become more negetive than the rings, for then
the electrons will flow freely axially beck to the rings. How closely the
space will follow the negetive potential of the rings will depend on the
intensity of the electron emission from the rings, tut in any csse the
potential of the space will rise negatively with the rings.

Until the spsce potential at the inner edge of the rings resches
the Lsrmor Potential, according to the theory just given, no ions from the
arc will reach the rings. The current from the rings will then be just the
small electron emission current from them or less. Vhen, however, the space
potential becomes greater than the Larmor, ions from the arc will reach the
rings and the current teken by the rings mey be expected to rise sharply.
The ions will not pess beyond the first rings beccuse the spece potential is
less than the Larmor there. As the first rings are raised negstively high
above the Larmor Potential, all the ions emitted from the arc should reach
these rings, =2nd the current to thegse rings should show saturetion, but
modified somewhat bty the small electron drift current,

Now suppose additional rings are rsised in potential, negetively
above their Lermor Potential. Then they will shh;e in the ion current
emitted by the arc. The distribution of current to the rings will be
determined by the potentials of the rings. In genersl, those rings whose

potentials exceed their Larmor Potential by the greatest amount will receive

the larger fraction of the ions.

AN
However! becsuse of the diffusive charscter of the radisl ion

flow, the inner rings will be favored over the outer rings. For example,




to obtein a uniform dencity of ion current to the excited rings, the outer
rin- woggf need to exceed their Lermor Potential by a little more then for
the inner rings.

Now suppose, for example, that the rings up to & certain radius
are controlled by suitable circuits so thst the‘currgnt density received by
the rings is the seme for sll the excited ringzs. Suppose also that this
current density is chosen so that the totel current which this current
density corresponds to, is somewhat less thon the ion emission current of
the arc. OSuppose now, also, that the lons emitted by the arc consist of
tv.o 1sot9pes. Then if s spuce poterntial is considerably above the Larmor
Potential for the heavier ion, it will be much less above the Larmor Potential
for the other ion. Thus with the given spasce potentiasl distribution near
the Larmor Potentlal, the ion-current distribution to the excited rings will
be very different for the two isotopes. .

If the Maxwellisn radial velocity distritution is sufficiently
wvell developed so that we may use the Boltzmann relation (11) for the redisl
density distribution of the one ion, the redial density distritution for the

' ) _
other isotope ion of mass W = "W+ 6W and Larmor Potential \JL ‘\VL+ EQJL

ill be !/
' g&‘_\d_f V‘-)
L “"

(13) <

leading to
e A
KT

(L) W [n €

Thus the degree of enhancement or isotope enrichment which will

cah \!
be obteined will depend on how small KT could be kept relative to € ZX{L c
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It was believed thet KTT would be of the same order sas

-1 -

—~
glven by equation (9) so that by keeping V close to VL’ kT would be kept

smell. The manner of electrical excitation described above should ensure
that V—VL should be small, since just enough potential would be applied to
the rirzgs to bring the ions out at the desiréd deﬁsity, snd higher potentisls
than necessary would not be used becsuse the total currert demended was lecs
then the saturation current from the ion source.

It wss hoped thst ka could.be mace so small ss to be ecusl

to ~< A\IL, in which cese the enhsncement would be

M' “' e‘\'l
(15) x:[w;: B

AN

which would be a large enough effect to make the ionic centrifuge a very
superior device.
I must emphasize in this closing paragraph of this section,
the theory given above is the theory as developed in the first half of 19
The results talked about are the expected results, and not the actual resu
‘obtainéd in the experiments finally made on an sctual centrifuge tested in

the last months of 1942, which will be described in later sections.

V. Expected Superdiority of the Ionic Centrifuge over other Electromagneti
Pevices,

The Ionic Centrifuge ras expected to be superior to other
electromegnetic separation methods in the following respects.

1. The ion cource is of supreme simplicity, and was expected
give an enormous yield at high efficiency. These expectations were based o

previous experience with copper ares in high vecuum.







voltage, tht is, =t & few hundred volts ss ageinst more thsn <5,000. At

the sene time, the drein, or current teken by the power source was expected
to be the ssme £s the current of ions sepsrsted, wheress for the Celutron
this drain wss more than ten times the ion berm current. Thus the electrical
porer recuirements for the Ionic Centrifuge per unit effect were expected to
be much smaller then for the Calutren.

The lower voltsge used by the Ionic Centrifuge, with grestly
reduced sputtering effects, slso would heve many other edv&ntifes.‘ At the
lo§er voltsge, the cost of power is very much lower per kiloweé?:;hen &t
thg higﬁer voltsge. Also the electrodes used vould huve sn extremely long
1life, and the recovery of the material would be very much essier,

7. The control of the ionic centrifuge wes expected to be very
much essier than for the Cslutren or Isotfon. Simple constsnt current
currents were to be used, with the potentials inherently automatically
ddjusting themselves to the proper veluecs by the intrinsic properties of
the Ionic Centrifuge itself.

8. The ion source in the ionic centrifuge was expected to be of
very high intensity. At tﬁe seme time, since interaction betveen 1ions is
permitted in the ionic centrifﬁge, in fact is expected, it was believed that
the ionic centrifuge would operate with very large yield.

9. The chemistry of the ionic centrifuge wes expected to be very

simple. The deposit would be in the form of the metasl or oxide, which wduld

be stable and non—corrosive;

10. Let me emphesize that the anslysis in this section is ss it

looked in 1942.




V. Experirental Development of the iArc lon Source
The ion source in the Ionic Centrifuge w-c expected to be simply

an erc drswn between two uranium electrodes in the axis. Almost st once,

8s soon ss we sttempted to put this ides into prrctice, we ran into diffi-

cultles due to the iﬁstability of the sarc.

I wzs aware thot ares between metullic electrodes in vzcuum
were extremely unstable with only a few amperes,'tut my past experience
huad indiceted that there should be no difficulty when more thsn ten or
twernty amperes were used. However, my previcus experience h;d not in-
cluded arcs st such high vacuua &s we were now using, e#nd also my previous
experience involved arcs of short time durstion as in vacuum switches.

-In Februry, 1942, our experiments with uranium electrodes
~uickly revesled the seriousness of this instability.

Sterting with & pair of electrodes which had been expossd to
the stmosphere, and efter pumping down to a high vacuum, a five empere erec
in a 110 volt d.c. circuit could be readily drawn. It would burn for ten
or twenty seconds, and then would go out. It could then be restruck, and
after a few seconds would again‘go out. After = few such restrikings, the
arc became so unstable that it would go out immedistely after being drawn.
The oscilloscope indicated that the arc would burn only a few thousandths
of -a second sfter being drawn. If the glectrodes were exposed to the air
again for a few hours, the initial rather limited arc stability would be
egein evident, but soon it nas lost again.

Going to higher current, or a higher voltage circuit, made

little change in the performsnce. The initial arc statility lasted a




F |
little longer perhzps, but soon egain arcs of only extremely short duration
could be drawn. A lirge reactor in the circuit did not help. The righ
voltege, (10,000 to 20,000 volts) developed across the reactor when the
arc went out, indiceted the hopeiessness of this direction of cttack.

The effect of degree of vacuum on the nrc strbility wes studied.

In helium the src remsined unstsble up to 0.2 mm. pressure, but in air it

became cuite stable 2t 0.1 mm. This seemed to be too hish = pressure for

proper operation in an ionic centrifuge.

At first it was thought thst this grest instability of the src
was a peculiar pr§perty of pure uranium metzl. However, a few tests
shqwed th=t copper nnd iron also showed this instability under similar
circumstinces.

It was noted that while complete stability was not obtained with
nir at pressures below .0l mm., nevertheless the duration of the arcing
period after each electrode sepsration was increased by the presence of a
little air or oxygen. Experiment indicsted thct with a few microns of
oxygen, the arc duration would be .05 secords or more., This suggested a
vibrating contact arc in the presence of a small amount of oxygen.

A vibrating arrangement wss therefore made wherébj electrodes
could be put into contact and withdrawn about thirty times = second. One
electrode was made of carbon with a hole drilled into it lengthwise,
through which oxygen could be leaked at a slow rate. The other electrode
was, of course, uranium metal. With this sﬁructure, and with an oxygen
pressure of one or two microns, the arc would burn through most of the

1/60 of a second open period duration of the vibrating contacts. An




- 19 -

aver=ge =arc current of one ampere,‘actually two amperes during the srcing
périod, could be maintained fairly steadily. Currents to surrounding
negrtively charged electrodes in the vacuum vessel of more than 20 m.s.
vere observed, indicating that the ion emission wes of this megnitude. The
polarity of the arc did not make much difference. |

All these expérimgnts were made with no magnetic field impressed.
When finally the 37% cyclofron magnet became available for a few days test
and collection runm, it waé'found that iﬁ the magnetic field the arc became
increasingly unstable, the arc burning for only one or two thoussndths of
a second.

Thus, it bec=me incressingly evident to us that vibreting con-
tects were not the practical answer to the arc stsbility problem. After the
large ionic centrifuge was bullt end placed ir the fringing field of the
184 inéh cyclotron megnet, most of the summer was spent trying to find other
ways of making the arc stable. ' |

A great variety of experiments were tried, using cooperating

~ carbon electrodes impregnated with various meterials. Also additions of
. various metsls were made to the uranium. Results are recorded in the
laboratory record books, but are too varied and numerous to record here.
In general these experiments were unsuccessful.

It had been reported by others on the project that &n arc had

been succesgfully run in a high vacuum between a thermionic filament cathode

and a uranium.anode. A very high ion emission was also reported. Therefore,

8 thermionic cethode was constructed to fit into our ionic centrifuge, snd




tests with it «nd ursnium =znodes were c=rried out.

It wes found, however, thet the src ins unstable in the hizh
vacuum. The arc would be started by introcducing hydrogen into the vessel
until & pressure was reached at which a thermionic arc would start. When
the hydrogen wss pumped out, the arc would continue to play for a vhile,
but generally, in a very short time, the arc would go out. thile the
arc lasted, m molten pool would form on the uranium s#node, and in this con-
dition the ion emission was cuite low.

I a uranium anode was used which hsd previously been-exposed

to the air for a long time, the arc, usually of about 5 emper=s, would

persist for some time, a matter of a few minutes, after the hydrogen w:s

pumped out. Then the arc would terminate on the anode in s bright small
spot, with an arc drop of only 18 to 20 volts. Under this condition there
would be & large ion emission, usunlly more than 20 snd sometimes up to
200 m.a. But presently a molten pool would form, the ion emission would
fall to a low value, the arc drop would rise to 70 to 100 volts and then
the arc would go out.

As before, permitting a little air or oxygen to enter the tank
would make the arc more stable, but results were rather erratic in this
respect.

Again a large variety of experiments were tried with various
meterinals added to the uranium to try to obtain a stsble =rc with large
ion emission. These are recorded in the laboratory record books.

i The best result was obteined by using a slab of uranium clamped




e sleb of ursnium oride, =nd pleced so tart the electron strzem from the
filament flowming perallel to the mamnetic field would impinsge on the junctlon
of the metzl ~nd oxide. £ brizght anoce spot would form there, -nd the sarc
drop would be less then twrenty volts. A lerye r~ad cuite sterdy ion emission
exlsted in this condition. At a particulsr anod= spot, the ilon emission would
greduslly fsll 2nd the arc voltmge would rise efter & considernble number of
minutes., The filament c»thode would then b2 movad slichtly snd a new snode
spot would be formed. The arc current in these experiments wos usually five
amperes 2nd sometimes ten nmperes. The ion emission st a {resh snode spot

would be nesrly 100 m.a. This type of =rc was used in ¥4e various finsl

collection rmins with tie lonie centrifuge.
(=]







pover supcly wos nlso desisned by Dr. Brubeker, and built, which perritted
cortinucusly =djucrteble voltages to be applied to esch of the twerty-eight
ring eluctrodes ¢f the cerntrifuge. Later, Dr. Bruteker sdded elements to

the nower supply so that 1t would supply continuously s=djustrile corst-nt
current to e«ch of the twenty-elvht electrodes. ni speretus begrn te

be used in the big mrgnet sbout the niddle of July, 194c.

As with the smaller centrifuge, the currents observed fleowing
to tle various rings ns the voltryges were veried, contrzdicte! the *theory
develcped in Section IV. VThile holdino the inncr rinss‘at 7ero potentisl
would cut off the flow of current from the arc to the cuter ringe, never-
theless, current would rench the outer rinss when they vere st much less
then thelr Learmor Potentisls provided only thet the inrer rings vere rlso
made negetive in potentierl.

v(nite distressing ves the frecuent obrerv: tion of negetive
(electron) currents to rings. For exrmple, i0 the rings vere given £ con-
tinuously rising distritution of potentinls, sus for exsrmple, the Larmer
distribution, and then if tvo adjscent rines verc rdjusted to the c-me
potentisl, the inner ring would receive positive current, s#nd the outer
ring would receive a smaller but compersile negative currvnt. 7This spprrently
rether free flow of electrons rrdially in the centrifuge is completely
opposite to the expectations described in Section IV.

Cepping the climsx msy be described results obtained when
positive volteges were impressed on the rings as in run 21. It wss intended

in this run to hold the rings at a moderste positive voltsge, about 250

volts, so as to meke it impossible for ions to lewve the 2rc, and reusch the

rings. In thls wsy we expected to get Inform.tion concerning A |

B




aend distrivation of newto Y molecales e vin: the are The electron current

r esie=Xly “era, ncoording to thz

'
i

to the rings w5 =157 expects ‘o b

theory £ Section IV. In-t- ?, curreonts cuch os follows nere observe!.

Ring No. o« 5 Qﬂ

Ring Volws $L4C : $o13 0 1213

Lower Ring -30 L AR SIS TR S0
Curr=nt, m.n.

Thus very lnrge clactron currznts feem to Clos to the ilnner
rings, anl =t the s.me time, agrinst a strong opposing potentiunl,
ion currents recch outer rings. Mersursmonts rer: 39 @ of the de

mterial, which indic tel thet mors mcterisl ceme out to

e incomprahensit
1-*cr yours at Westinghouse th it it bee:me clecr how they aizht be sccounted

for LUy an intersction between lons snid electronc.

Nevertheless, the experiments showed thot In the m~wmnetlc fi-14,
energised.
curr-nts vers dresn Srom the ore to #he—riAgshuith hundr-Ts of volts. This
could only mesn th=t the currant currying particles mnt zcaul correspond—

inz kinatic energzies. In the masimetic field, there <did not szem to any
24 ¢ ) 1 Y

icubt thst it would be the positiva ions which would scculre tals encrag;

r.thcr then the electrons. Also, with direct, kinstic theory collisions

8
kitecern ions on? electrons or molecules negligaeble in numbers, it wes hrrd

SRS S8 i

to aee how the kinetic energy of the lon (presumably thst of some oscillstion)

could be cuickly dissipited into random or thermsl enervy, ~nl therefore,

i

n, s







unrs inchéuren nwere izstensd to the various rin o,

1S

r3, #ith & ar:met Cielt current of €0 amps., =2nd pr.. urs

-/ . . .
1.4 x 107" mm., the relative densities depocitez on tae collectors

ned by toking alphs counts with e«ch collector.

chown in Floure The depasit on the

lover rinss vas hervier than on the uppor tecuce the <re wro oot n-or
the tonk, snly oig inches Tron the lower rinss. On ¢ llin
) J g

deposits on lowers «nd up.ors toostiher, we vet o« crutifylinsly const

Jeposit on to 6, but ring 7 which should 4lso show this ssme de-

posit, Thz deposit should drop sharply to zero
he theory of Sectlon IV, but inst-=d, it drops

& ruther grwilual msnner. £An enricnment fsctor of 1.14 wes indicets
chemists for the s=mple teken from ring 3, low=r, but therz are un-
certalnties about this s described in the next section.
tn example of & less frvoruble looking run is shown in
Here rings 2 to 16 were excited with uniform current density

4

with a total current of 4 m.a., pressure 1. 10~% mm. =nd mesnetic field

Figure 5.

current of 650 smperes. Ruuning time 3%} hours. The ©4 counts were con-

verted to micrograms per in.? by the sppropriste multiplier. In this run

the chemists did not report results indicseting sany lerge enrichment factor.
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Berkeley Report 1.20

Columbia Check 1.42
of Berkeley
Sample

Colunbia Re-
purified sample

~ Lm‘_- _

e by e by e by
£/m_ __Vr (/m)_ ._L/_)_.J./.ii

Ssmple Run 10, 18U

1.90 0.81 1.45 1.50 <.23

1.80 0.79 1.63

Sample Fun 15, 3L

e by
f/m i / f _ Mmj

Berkelesy Report
Columbia Check
of Berkeley
Sample

Columbia Re-
purified sample

S

Berkeley Report
6L

Berkeley Recount
6L

Berksley Report
7L

Berkeley Repuri-
fy, 7L

C&lumbia
6L + 7L

0.94 0.98
0.96

Samples, Run 15, AL, Run

e by

f/m ~/f (%/m)
0.91 1.13

0.90 1.16
0.9z 0.70

1.02
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23
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