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METHODS OF AND APPARATUS FOR
SEPARATING MATERIALS

Ernest O. Lawrence, Berkeley, Calif., assignor to the
United States of America as represented by the United
States Atomic Energy Commission

Application October 9, 1944, Sexial No. 557,784
48 Claims. (Cl. 250—41.9)

" "The general subject of this invention includes the sep-
aration of materials of different characteristics into dis-
crete quantities, each of uniform characteristic. More
specifically, the method and means of the invention
achieve isotope separation or enrichment of an -element
on a large scale, yielding commercially useful quantities
of one or more isotopes of the element.

The term “calutron”, as used hereinafter, means any
apparatus or machine wherein isotope separation or en-
richment is achieved on a large scale yielding commer-
cially useful quantities of one or more isotopes, by appro-
priate separative action on gaseous ions with electrostatic
or electromagnetic means or combinations of them.

In the mass spectrometer or spectrograph, as previously
utilized, electrically identical ions are formed at a source

where the ions of differeni nuclear mass are intermingled 3

indiscriminately. The ions are electrically impelled to
travel through a  highly evacuated space. They are
usually under the influence of a magnetic field, so that the
ions travel in curved paths to a target. The electrically
identical ifons travel and arrive in separate locations,
depending sclely upon their nuclear mass, all other pos-
sible differences being minimized or ruled out.. At the
target, the separated ions are deionized, thereby produc-
ing the isotopes in separate or discrete quantities that
can be removed from the evacunated space at pleasure.

It is well known that the elements which are isotopic
are distributed generally throughout the chemical series
and from the lighter end continue through the heavier
elements. It is to be noted that the percentage difference
in the nuclear masses of the isotopes of the lighter ele-
ments is greater than that of the heavier elements. For

sxample, lithinm occurs in two isotopic forms, Lif and

Li’7 and therefore provides a difference of substantially
15 in the nuclear masses. A heavier element, uranium
for example, has several isotopes, U234, U255, and U288,
and the maximum difference in nuclear mass between
them is less than 2%. It is therefore readily apparent
that the separation of the isotopes of lithium may be
accomplished more easily than the isotopes of uranium
in an apparatus which utilizes difference in mass to produce
such separation and this is generally true for the lighter
elements as compared to thé heavier elements.

When the vield or capacity of a mass spectrometer or
spectrograph is to be increased manyfold, say one thou-
sand' times, or one. thousand thousand times, then the
number of ions or particles of similar electrical charge in
any volume correspondingly must increase.
number of like charges in a given volume is grossly in-
creased, then, the forces of mutual repulsion become
extremely large. The concentrated like charges, when
considered as a group, constitute a space charge tending
to repel other ions and tending to repel each other with
such force as to cause disruption of the group, thereby
destroying the fundamental requisite for operation of
the device and presenting a formidable difficulty.

Such devices, on a secondary ground, have also ap-
peared impossible of use under the circumstances set
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forth herein, as they have been thought of in terms of
beams of positive ions traversing regions of very high
vacuum, It has always been considered that a very high
vacuum was required to prevent excessive gas scattering
of the ions.. That is, it has been considered that if many
gas molecules remained in the paths of the ion beams,
the ions would collide with the gas molecules and be
diverted from the predetermined arcuate paths necessary
to produce separation.

It therefore appears, in accordance with the foregoing
considerations, that discouragingly severs, if not im-
possible, restrictions are inherent in the mass spectrom-
eter, precluding its use for the separation of large
quantities of ~polyisotopes. Yet, except for the space
charge and possibly the gas scattering difficulties, the
device appears reasonably adapted for the purpose.

I have, at this apparent impasse, found that the space
charge effects believed inherent in a mass spectrometer
can be overcome. They can be neutralized by the pro-
vision.of offsetting charges -of opposite sign in and -ad-
jacent to the beam. In an instance where the beam
ions themselves are positive, there are provided in the
beam negative charges (ions or electrons or both) in
just the right amount and in just the right distribution to
reutralize or substantially to neutralize the positive ion
space charge. At the same time, particular care is taken
in introducing the neutralizing charges that they are not
SO numerous as to result in an excessive total amount of
particles being present, so that gas scattering does not-
become excessive. - It is, therefore, a part of my finding
that the desirable introduction or presence of neutralizing,
i. e., negative, particles in the beam should be balanced
against the undesirable presence of excessive, scattering
particles in the beam.

I have found that both of these ends can be attained;

.that is, not only can the negative or oppositely charged

particles be provided, but also, gas scattering can be
prevented from becoming excessive by arranging matters
so that the original, i. e., positive, ions in the beam, by
collision and by other means effective between such
original positive ions and other particles in and adjacent
to the beam, produce a sufficient supply of subsequent,
i. e., negative, particles.just to balance, or nearly to bal-
ance, the electrical forces without introducing excessive
scattering. Thus, in accordance with my invention, the
neutralization or substantial neutralization of space charge
of one sign is effectuated by electrons and ions of opposite
sign resulting from ionization of the gas through which
the beam passes, such gas being sufficiently rare as to
avoid undue scattering effects.

The considerations herein apply no matter what the
charge of the original ions, whether positive or negative.
Meutralization is effectnated by particles of opposite sign.
For convenience in description the original ions are gen-
erally assumed to be positive.

The ions and electrons for space charge neutraliza-
tion of a positive beam are formed in various ways, but
a prominent way is the ionization resulting from high
velocity positive ions passing through gas which is per-
mitted in the path of the beam. Indeed, it appears, in
accordance Wwith my ‘invention, that the gas pressures
can be arranged at values low enocugh so that the beam
can traverse the system without too serious gas scatter-
ing and, at the same time, appropriate so that the beam
itself gives rise to sufficient ionization along its path to
neutralize the otherwise occurring positive ion space
charge. This space. charge neutralization has been. ob-
served to be so complete that currents thousands of times
larger than weuld otherwise be considered possible can
be successfully utilized in a magnetic mass separator,
Stated differently, instead of there being a limitation to
a maximum of a microampere or so of current in a 180°



2,709,222

3

magnetic mass spectrometer, there has resulted, in ac-
cordance with my.invention, a neutralization of the beam
space charge by ionization sufficient to allow beams of
100 milliamperes -and more, with a resulting large and
'successful heavy isotrope separation, and even this value
is by no means an upper limit. "

‘The space charge neutralization resulting from ioniza-
tion of the gas allows the beam ions to travel with con-
trolled, directed velocities. This has been demonstrated
on occasions by varying the pressure of the residual gas
in the vacuum chamber through which the beam passes,
either by altering the pumping system or by introducing
a variable leak of gas into the chamber. Under certain
conditions -of high vacuum it has been found that the
ions in the beam do not preserve initial velocities but,
as the jons pass along through the beam in the mag-
netic field of the mass separator, they acquire a spread of
velocities, the whole beamn “blowing up” so to speak,
spreading out in different directions, as would be expected
from space charge effects, whereas, when the gas pressure
was raised from rather less than 10~% mm. Hg to 10—+
mm. Hg; the blowing-up effect disappeared and the beam
was observed to maintain its shape. Clearly, the inter-
pretation of this effect is that the introduction of the addi-
tional gas was necessary to produce sufficient ionization
te neutralize the space charge.

As a matter of actual practice, in operating embodi-
ments of my invention the actual current densities used
are thousands of times the theoretical figure. The de-
scribed process of space charge neutralization is so effec-
tive that, in fact, no limit to current densities due to
space charge in the beam region has, as yet, been found.

Now, in accordance with my invention, electrons and
‘negative jons are produced in the beam region, either
by a collision between a positive jon and a gas molecule,
or by a collision of an ion with the chamber walls. The
electrons and negative ions so formed are unable to
escape from the beam region, as their energy is lower
than the potential existing in the beam region where
they dre formed. Once formed, they are necessarily
held in the vicinity of the beam and their presence is
effective to neutralize the space charge of some of the
positive ions.

The process of electron and negative ion production
is going on continually, so the potential distribution in
the beam is determined not by the density of the positive
“jon charge in the beam, but rather, by the energy and
‘rate of production of electrons and negative ions. The
potential distribution is such that all negative ions and
electrons can escape at the rate they are produced,. ‘the
amounts of positive and negative charge adiusting them-
selves until this condition is achieved. The resulting
beam potential is thus determined mostly by the energy
possessed by the negative charges when they are formed.
In the usual case, and in accordance with the operation
described above, the potential of the beam with respect
to the surrounding walls is not hundreds or thousands of
volts but is, under normal conditions, about or less than
one volt, )

It is, therefore, an object of the invention to provide a
method of and apparatus for effecting the separation of
substantial quantities of a polyisotope into its isotopic
constituents. : )

- It is . another object of the invention to provide a
method of and apparatus for effecting the separation of
substantial quantities of a heavy element polyisotope
into its constituent parts.

An additional object of the invention is to provide a
method of and apparatus for effecting the separation of
substantial quantities of uranium polyisotope into its
constituents, particularly into U235 and 1228, ]

An additional object of the invention is to provide
a means and method of affording polyisotopic separation
in substantial quantities, ' _

- An additional object of the invention is to provide a
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way of making and utilizing a device comparable to a

- greatly enlarged mass spectrometer to separate large or

macroscopic quantities of a polyisotope into its constitu-
ent isotopes.

A further object of the invention is to prevent the
blowing up of a large ion beam.

A still further object of the invention is to provide a
means and method -of furnishing a thousand or a thou-
sand thousand times the quantity of separated heavy
polyisotope previously feasibly separated.

An additional object of the invention is to provide a
means and method of separating polyisotopes, not on
a laboratory basis, but rather, on a commercial basis,

An additional object of the invention is to provide a
means and method of overcoming the effect of space
charge in a device of the nature described.

A further object of the invention is to provide a means
and method of neutralizing space charge in a device
of the nature described. ' '

A still further object of the invention is to neutralize
space charge without producing excessive gas scattering.

An additional object of the invention is to provide a
means and method of producing large ion currents in
vacuum.

Another object of the invention is to provide a means
and method of ionizing large quantities of a polyisotope.

A further object of the invention is to provide a means
and method -of deionizing or neutralizing large quantities
of an ionized polyisotope. o

A still further object of the invention is to provide
a means and method of receiving and retaining deionized
material, ‘ o

Another object of the invention is to provide in gen-
eral an improved means and method of separating a
polyisotope. )

An additional -object of the invention s to provide
in general an improved means and method of separating
mixed materials. ‘

Another object of the invention is to provide a meéarnis
and method of obtaining a desired material in a sub-
stantially pure condition.

A further object of the invention 'is to provide a
means and method of obtaining relatively large amounts
of U2% in substantially pure condition, '

Other objects, together with the foregoing, will ap-
pear from the following description of the invention ‘and
the preferred means of embodying and practicing the
invention, having reference also to the included draw-
ings. ‘

In the drawings:

Figure 1 is a non-scalar diagram showing in schematic
form a developed vertical section of an elementary form
of the device of the invention, together with the electrical
and the pressure mechanism. : )

Figure 2 is a diagrammatic plan showing in schematic
and undeveloped form the structure illustrated in Fig-
ure 1 ; .

Figure 3 is a cross section on a generally horizontal,
transverse plane, disclosing a form of the invention, cer-
tain portions being omitted and parts being broken away
to increase the clarity of the disclosure.

Figure 4 is a fragmentary view of a portion of the
source. structure shown in Figure .3, the figure for the
most’ part being in cross section, the plane of section
beinig indicated by the line 4—4 of Figure 3.

Figure 5 is an isometric perspective, with some of
the parts in exploded position, and to an enlarged scale,
of the structure of the source mechanism illustrated in
Figure 4, portions being shown diagrammatically and
other pertions being omitted for greater clarity of illustra-
tion, ’ ’

Figure 6 is an enlarged detail of a portion of the
source supporting mechanism shown in Figure 3, for
the most part being in cross section, the plane of which
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is & transverse diametral plane, portions-:being broken
away to reduce the size of the- ﬁgure

Figure 7 is a fragmentary view, béing generally in
cross ‘ section, the plane ‘of which is indicated by the
line 7—-7 of Figure 3.

Figure 8 is a fragmentary cross section, the plane of
which is indicated by the line 8—8 of Figure 3, por-
‘tions being broken away to reduce the size of the
figure.

Figure 9 is a fragmentary cross section, the plane of
which is indicated by the line 9-——9 of Figure 3, por-
tions being broken away to reduce the' size of the figure.

Figure 10 is a fragmentary view, showing largely in
plan. the details of construction of the cathode support
and swrrounding mechanism.

- Figure 11 is a fragmentary view showing a plan that
is comparable to a cross- section on a plane indicated
by the line 11—11 of Figure 7, disclosing the arrange-
ment and support of the source block.

Figure 12 is a detail showing a receiver and surround-
ing -structure, the view being in part a cross section,
the plane of whlch is 1ndlcated by the line 12—12 of
Figure 3.

Flgure 13 is a side elevatlon of an alternative form
of receiver unit, usable m the environment. illustrated
in Figure 12.

Figure 14 is a fragmentary side elevation showing
the receiver unit of Figure 12 rotated about its longi-
tudinal mounting axis through an angle of approximately
180°.

Figure 15 is a view showing in side elevation a frag-
ment of the alternative receiver unit illustrated in Fig-
ure - 13, but rotated about its longitudinal mounting axis
through an angle of approximately 180°.

- Figure 16 is a detail to an enlarged scale of the re-
ceiver unit illustrated in Figure 12, portions of the struc-
ture being broken away to disclose the interior arrange-
ment, the interior being generally illustrated on a trans-
verse, diametral plane,  as indicated by the line 16—18
of Figure 17. : ‘

- Pigure 17 is a cross section:of the structure shown
in Figure 16, the plane of the section being mdxcated
by the line 17—17 of Figure 16.

Figure 18 is a cross-sectional view to an enlarged scale
of  the alternative form of receiving unit illustrated in
Figure 13, the cross section being on a transverse, di-
ametral plane, as indicated by the line 1818 of Fig-
ure .19.

‘Figure 19 is a cross section on a transverse, diametral
plane, indicated by the line 19—19 of Figure 18. -

‘Figure 20 is-a schematic diagram illustrating; in part,
in cross section taken on a vertical plané through a
development of an alternative form of illustrative ele-
mentary structure -showing the electrical supply, the
pressure mec hanism of a structure comparable but alterna-
tive. in form to the mechanism dxagrammatxcally illus-
trated in Flgure 1.

-:Figure 21 is a dlagrammatlc pian comparable to a
cross section on a generally horizontal plane, of the struc-
ture generally illustrated -in Figure 20, and comparable
to. Figure 2 but disclosing an -alternative. structure.

"Figure 22 is a cross section on ‘a generally horizontal
diametral plane of half of an alternative mechanism com-
parable to that shown in Figures 3 to 19, inclusive, por-
tions being omitted and other portions bemg broken away
to reduce the size of the figure and to increase the clarity
of the disclosure, the center of symmetry of the mech-
anism being indicated by a dash and dot line.

Figure 23 is a companion to Figure 22 illustrating gen-
erally on a horizontal diametral piane the other half of
the structyre disclosed in Figure 22, the plane of sym-
metry being: indicated by-a dot and dash line and por-
tions being broken away and being omltted to facilitate
illustration,

Fxgure 24:is a front elevation of a magnet structure
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with a second alternative form of device of the invention
associated therewith, portions of the cooperating mech-
anism being arranged and disclosed schematically, and
portions of the associated mechanism- being shown in
fragmentary form.

Figure 25 is a view comparable to Figure 24 but show-
ing to an enlarged scale a front elevation of the central
portion of the second alternative form of structure in
accordance with the invention, portions of the mech-
anism bemg omitted or conventionalized to increase the
clarity of the disclosure.

Figure 26 is, for the most part, a cross section in a
generally horizontal plane midway of the- device shown
in Figure 25 remaining parts of the mechanism being
shown in plan and portions of the structure not being
illustrated to reduce the complexity of the drawing.

Figure 27 is a front elevation, somewhat comparable
to Figure 25, but illustrating primarily the envelope or
tank of the second alternative embediment of the inven-
tion, with the various tank appurtenances being omitted.

Figure 28 is a cross section on a generally horizontal
plane indicated by the line 28—28 of Figure 29 and,
for the most part, showing in plan the arrangement of
the source unit of the modification of the invention illus-
trated in Figures 24 et seq., portions of Figure 28 being
broken away to reduce the size of the figure.

Figure 29 is a cross section on a vertical plane gen-
erally indicated by the line 29—29 of Figure 28 and
showing, for the most part, a side elevation of the struc-
ture of Figure 28 and having portions broken away to
reduce the size of the figure.

Figure 30 is a cross section on a generally horizontal
piane through the source mechanism as shown in Figure®
28, the plane of section being indicated by the line 36—30
of Figure 31, portions being conventionalized by broken
lines, portions being omitted to reduce the size of the
figure and to improve the clarity of the disclosure, and
a part of the associated accelerator mechanism bemg
disclosed on the same cross-sectional plane.

Figure 31 is a view of the mechanism disclosed in
Figure 30, the view being a compound cross section, of
the several planes of which are indicated by the lines
31-—31 of Figure 30, a portion of the asscciated cathode’
structure being shown in cross section on a corresponding
vertical, diametral, longitudinal plane, parts being brokei
away to reduce the size of the figure, and various por-
tions of the structure being broken away or omltted to
improve the clauty of the disclosure. :

Figure 32 is a cross section, the plane of whlch is in-
dicated by the line 32—32 of Figure 31.

Figure 33 is a cross section, thé plane of whxch is
indicated by the line 33—33 of Figure 31.-

Figure 34 is a side elevaticn of the outboard portion
of the . cathode supporting and manipulating _strucfure
pertinent to the second modified form of structure jllus-.
trated in Figures 24 et seq., a portion of the structure be~
ing broken away and included in Figure 35. -~

Figure 35 is a continuation of the structure shown in
Figure 34 and is a side elevation of the inboard portion
of the cathode structure pertinent to the second modified
form of the invention as illustrated in Figures 24 et seq.,
a portion of the view being in cross section on a. vertical,
axial plane through the walls of the tank or envelope. -

Figure 36 is a view of the structure generally shown:
in Figure 34, being partially a plan and partially a cross
section on a horizontal or transverse axial plane, parts of
the siruciure being omitied and parts being broken away
to reduce the size of the figure and to increase the clarity
of the disclosure, the structure illustrated belng con-
tinued in Figure 37.

Figure 37 is a companion figure to Figure 36 and.is in
general a cross section on a transverse axial plane of the
inboard portion of the cathode mechanism as illustrated
in Figure 35, portions of the mechanism being showh
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in plan, and portions of the mechanism being broken away
or omitted to improve the clearness of illustration.

Figure 38 is a cross section, the planes of which are
indicated by the lines 38—38 of Figure 36, a portion of
the figure being broken away to show a part of the ad-
justing structure in cross section on an adjusting axis.

Figure 39 is a detail to an enlarged scale of a portion
of the mechanism illustrated in Figure 36, the detail
being in cross section, the plane of which is indicated by
the line 39-——39 of Figure 36.

Figure 40 is an enlarged detail of a finid and electrical
connecting mechanism, the figure being a cross section
on a generally horizontal plane, indicated by the line
40—40 of Figure 34, the scale being considerably en-
larged to disclose the details of construction.

Figure 41 is, for the most part, a plan of the accelerator
mechanism incorporated in the second preferred form of
the invention illustrated in Figures 24 et seq., a portion
of the view being in cross section and some of the nor-
mally associated mechanism being omitted to improve
the clarity of this view.

Figure 42 is a front elevation of the accelerator mech-
anism illustrated in Figure 41, a part of the associated
face plate being broken away to reduce the size of the
figure.

Figure 43 is a rear elevation of the accelerator mech-
anism illustrated in Figure 41, most of the surrounding
mechanism “and ‘supporting structure being omitted to
improve the clarity of the figure.

- Figure 44 is a cross section, the plane of which is in-
dicated by the line 44—44 of Figure 42, a portion of the
center of the structure being omitted to condense the
figure and a part of the structure being shown in plan,
some of the appurtenant structure being broken away and
omitted to reduce the size of the figure.

Figure 45 is a plan, to an enlarged scale and rotated
through 180° from the position shown in Figure 41, of a
portion of the accelerator mounting mechanism and an
adjusting drive. -

Figure 46 is a side elevation of the structure shown in
Figure 45,

Figure 47 is a bottom plan of the structure illustrated
in Figure 45.

Figure 48 is a cross section, the plane of which is in-
dicated by the line 48—48 of Figure 45.

‘Figure 49 is a cross section, the plane of which is in-
dicated by the line 49—49 of Figure 41, showing in gen-
eral a side elevation of the accelerator mechanism, the
associated structure being omitted to increase the clarity

of the disclosure and portions being broken away to re- -

-duce the size of the figure.

Figure 50 is a cross section, the plane of which is in-

dicated by the line' 50—50 of Figure 36.
- Figure 51 is a plan of .a C-liner associated with the
second alternative form of the invention illustrated in
Figures 24 et. seq., portions being broken away to dis-
close the interior construction and portions being in
cross section on a horizontal, axial plane, parts of the
structure being broken away to reduce the size of the
figure.

Figure 52 is a cross section to an enlarged scale, the
planes of section-being indicated by the lines 52—52 of
Figure 26.

Figure 53 is a cross-sectional view showing to an en-
larged scale the structure of the insulating support ap-
pearing in Figure 52, .

Figure 54 is a'cross section on a horizontal, axial plane
of a collector mounting mechanisni incorperated in the
second preferred form of the invention, portions of the
figure being broken away to reduce the size of the figure
and other portions being broken away to disclose interior
construction, the structure being additionally illustrated
in ‘Figure 55.

- Figure 55 is a cross section on a horizontal, axial plang
of ‘a collector mechanism partly illustrated in Figure 54,
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parts of the structure being broken away to disclose in-
terior construction and to reduce the size of the figure.

Figure 56 is a side elevation of the collector mechanism
illustrated- in Figure 54, a portion of the figure being
broken away to disclose in cross section on a vertical,
axial plane a part of the adjusting mechanism, the figure
being continued in Figure 57.

Figure 57 is a side elevation of a collector mechanism
as illustrated in Figure 55, with portions being broken
away to reduce the size of the figure and to afford illus-
trations of the interior construction, that is generally iltus-
trated in cross section on a vertical, axial plane.

Figure 58 is a plan of an alternative form of collector
for use with the mechanism illustrated in Figures 24
et seq.

Figure 59 is a side elevation of the structure illustrated
in Figure 58, a part of the mounting being broken away
to reduce the size of the figure.

Figure 60 is a cross section, the plane of which is indi-
cated by the line 60—60 of Figure 59, a portion of the
supporting stem being broken away to reduce the size of
the illustration.

Figure 61 is a longitudinal cross section, the plane of
which is indicated by the line 61—61 of Figure 60.’

Figure 62 is a cross section, the plane of which is in-
dicated by the line 62—62 of Figure 56.

In its presently preferred embodiment, the invention
includes a vacuum envelope within which are provided
means for ionizing different materials and for impelling
the ionized materials to travel, iu accordance with a dif-
ference in -the materials, to separate targets.  There
raeans are provided for deionizing and retaining the sepa-
rated materials pending their removal from the envelope..
Means are also provided for maintaining gas within the
enveiope so that no serions gas scatiering occurs, yet so
that eclectrical charges do.not preclude said travel of
encrmous. quantities of icnized materials. . The invention
also includes impelling ions of different materials to
travel, in accordance with a difference in the materials,
through a gas to separate destinations, deionizing and Te-
taining the separated materials at the destinations, and
maintaining the gas so that no sericus gas scattering oc-
curs, yet so that electrical charges do not preciude said
travel of enormous quantities of ionized materials.

In accordance with the foregoing, the means and meth-
od of the invention are first described in a_general case
and without regard to specific mechanism. The repre-
sentative arrangement and operation are schematicaliy
iltustrated in Figures | and 2 of the drawings. The en-
vironment and a pervasive part.of the invention is a mag-
netic field. This field is provided by an upper magnetic
pole 6 and an aligned lower magnetic pole 7, both poles
preferably being circular in transverse contour and being
included as parts of a suitable electromagnet. When en-
ergized, the magnet is effective to induce between the cir-
cular. pole pieces § and 7 a homogenesus field having 4
value of the order of 3000 gauss and, for example, hav-
ing a flux direction represented by the arrow 8. This
arrow indicates that the flux extends from the lower pole
piece 7 vertically toward the uppar pole piece 6, the flux
being perpendicular to all important parts of the planar
pole faces 9 and 1@ of the pole pieces 6 and 71, respec-
tively.

Disposed in the gap 11 between the pole faces 9 and’
18 is a tank or envelope 12, preferably of circular, cylin-
drical, transverse contour and conveniently made up of
a refatively thick top disk or plate 13, a relatively thick
bottom disk or piate i4 and an encompassing and en-
closing side wall in the shape of a circular-cylindrical
band 16. The top z2nd bottom platss 13 and 14 are of
a metal, such as iron, effective to smooth out any minor
irregularities in the magnetic field. There is thus pro--
vided throughout the chamber or volume 17 defined by
the tank boundaries a quite uniform or homogeneous
magnetic flux. The tank 12 is preferably made as near-
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1y as-possible hermeticaily or vacuum tight in order that
the -interior chamber 17 can:be established -and main-
tained at the desired pressure. Sometimes this pressure
is above atmospheric, as, for example, when testing the
apparatus for leaks, but under normal operating condi-
tions the pressure is reduced below that of the atmosphere
to a value of the order of 10—4 mm. Hg.

The subatomspheric pressure level is established and
maintained in the chamber by operation of a vacuum
pumping mechanism. This includes a manifold 18 com-
municating with the- chamber 17 and extending to any
appropriate type of pump, such as a diffusion pump 19.
Included in the manifold® 18 between the chamber and
the diffusion pump .is a shutoff valve 21, so that the
pump: and the chamber may be isolated. from each other.
A liquid air trap.22 also is disposed in the manifold and
is effective because of its low temperature to cause con-
densation of many of the gas particles, extracted from
the tank ‘12. ' A reasonable proportion of the gas mole-
cules' will liquify at the temperature of liquid air. The
amount of pumping required of the diffusion pump 19 is
thereby reduced.

Also-included in the vacuum system is a mechanical
displacement pump 23, acting as a backing pump for
the diffusion pump 19 and connected thereto by a con-
duit 24, A Dry Ice trap 26 is situated in the conduit 24
and is effective to condense from the vapor passing be-
tween the diffusion pump 19 and the backing pump 23
gaseous constituents  condensable at the temperature of
Dry: Ice. - Those vapors.not condensed by. the Dry Ice
are Temoved by the backing pump 23 and discharged to
the: atmosphere through a pipe 27. By appropriate op-
eration of the backing pump 23 and diffusion pump 19,
and. by keeping the Dry Ice trap 26 and the liquid air
trap 22 supplied with their respective cooling agents, the
pressure within the chamber 17 is reduced from an at-
mospheric or superatmospheric value to the subatmos-
pheric perssure or vacuum of the order previously indi-
cated and is maintained at.such value. After the de-
sired low pressure has been attained, it can often be
maintained without further use of Dry Ice or liquid. air,
thus effecting an economy.

Situated - within the chamber 17. and preferably sup-
ported on the wall 16 in a source region 39 is a structure

.-referred to generally ‘as a “source” or “source unit” and
generally designated 31.. The source unit is comprised
of several components, including a vaporizer. 32 or fur-
nace. - The vaporizer is generally a block of metal or
-other suitable - heat transferring. material, effective also
as a container.. This block is suitably supported on the
wall 16 by a'stem 33 that also serves as a conduit for the
transfer of power in the form of electricity from the ex-
terior of the tank to the interior thereof.

~Disposed within the furnace block 32 is a pocket 34,
adapted to receive and temporarily retain a charge or
predetermined quantity of mixed materials, i. e., a poly-
isotope, to be treated and separated into its individual
isotopic components. In the present instance the pocket
34 is charged with a supply of uranium polyisotope in
the form of a compound such as uraniuvm tetrachloride.

. Various other or different materials may..be placed
within the pocket and may be either in elemental or com-
pound form. Further, the charge material or materials

may be solid, liquid, or gaseous when introduced into:

the device. It is convenient to utilize material that nor-
mally, that is, at normal or room pressures and tem-
peratures, is a solid, for greatest ease in handling, but
that readily can be converted to a vapor or gas by feas-
ible changes in pressure or temperature or both.

‘In order to vaporize .or convert the solid -uranium
tetrachloride or other charge material into a-vapor or gas,
its . temperature is elevated, and for that purpose: the
block 32' ad]acent the pocket 34 i is. provided with an-elec-

tncal c011 heater 36, in good thermal relationship with-

the contents of the pocket 34. Various heating circuits:
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are. feasible. Sometimes circulating hot oil is: used. It
seems most convenient to use electricity and so the coil 36°
is. supplied with electricity through conductors 37 and 38,
respectively, which extend to the terminals 39 and 41 of
a suitable source of electricity, represented by a bat-
tery 42.

The illusirated circuit, including the heater 36, the con-
ductors 37 and 38 and the battery 42, is largely sche--
matic. The wires 37 and 38 usually extend through the
stem 33, made hollow for that réason. In actual prac-
tice controlling and regulating mechanisms are also in-
cluded in the circuit so that the temperature imparted by
the heater 36 to the contents of the pocket 34 is care-
fully regulated.

The pressure due to the uranium tetrachloride vapor
generated in the pocket 34 is higher than the pressure
maintained in the chamber 17 by operation of the. vac-
uum system. For that reason, the vapor from the pocket
34 tends to discharge or escape from the pocket through:
a channel 43 cut in the wall of the block 32 and providing
communication between the interior of the pocket 34 and
the chamber 17. The channel is preferably a relatively
narrow cut of considerable vertical length, disposed so
that it is in longitudinal alignment with the flux in the
magnetic field. There is consequently afforded a vertical
band or ribbon or uranium tetrachloride vapor stream-
ing in a generally horizontal dlrectlon from the pocket 34
through the channel 43.

The uranium tetrachloride vapor stream is comprised.
of molecules that are electrically and magnetically neu-
tral.  They have only thermal energies and follow paths
that are -governed solely by the temperature and pressure
differences existing within the pocket 34 and chamber 17
and communicating passageway 43. It is desired to im-
pose other paths on such particles and to make them
responsive to governing factors other than mere tem-
perature and pressure conditions. The molecules are,
in accordance with the invention, converted from elec-
tricaily and magnetically neutral particles into electrrcally
and magnetlcally responstve particles. This is effectu-
ated by ionizing the uranium tetrachloride molecules or
particles by treating as many of them as possible to re-
move or to add one or more electrons.

It would be preferable, so far as at present known, to
convert-all of the uranium tetrachloride neutral molecules
into ionized particles, but there is no feasible ‘way - at
present available for effectuating such a universal ioniza-
tion and, consequently, only a portion of the streammg
molecules. is changed to ions. -This change is acco*n-‘
plished by providing, above the block 32 and as part of:
the source mechanism 31, a supplier of eleciroxs in the:
form of a cathode, generally designated 44, that includes-
a stem- 46 mounted on the tank wall 16 and at its inner’
end provided with a filament 47. The filament is con-
veniently a loop or bar of material such as.tantalum or*
tungsten,, -strong’ enough “to withstand distorting forces
due to the magnetic field and effective when heated to
emit electrons. ‘

The filament 47 is heated by electricity supphed'
through a pair of conductors 48 and 49, respectlvely, ex-
tending to’ terminals 51 and 52 connected to -a’ suitable
source of ‘electrical supply, in the present instance indi-'
cated by a battery 53. The temperature of the filament'
47 is.carefully established and it is, in practice, desirable
to include in the circuit with the conductors 48 and 49
suitable controlling and regulating mechanism so that the
temperature and consequent electron emission of the fila-"
ment 47 can be. carefully regulated.

The electrons from the filament tend to be constrained
to- generally vertical paths by the magnetic field in whrch
the filament is immersed; but are-additionally co’lsframed_
and miade o follow substantially a colimmnar path par:
allel to the direction 8 of the magnetlc flux and extendmg_
vertically through the block 32, * This restraint is eﬁeeted‘
by connecting the block, particularly the lower portion-
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thereof, in an electric circuit so- that the block is at a
lower electrical potential and forms an anode to the
cathode 44. This is accomplished by running a con-
ductor 54 from the lower end of the block 32 to a termi-
nal 56 maintained at a positive potential with respect to
the cathode 44 by any suitable electrical means, herein
represented as a battery 57. . Since in practice it is nor-
mally desired to regulate and control the potential drop
between the cathcde 44 and the anode 32, there is nor-
mally included in the circuit effectuated by the wires 49
and 54 a suitable regulating and controlling mechanism,
not shown.

The operating consequence of the electrical connections
described is to provide a column or pencil of electrons
traveling from the filament 47 down through the channel
or slot 43 to the boitom of the bicck 32. In fact, the
channel 43, intermediate its ends, is preferably enlarged
to provide a generally circular, cylindrical bore 58 as a
general envelope for the stream of electrons. This elec-
tron stream, under the described conditions, gives rise to
what appears to be an arc of columnar form, having its
longitudinal axis parallel to the magnetic flux direction in-
dicated by the arrow 8. The arc column axis extends ex-
actly transversely of the direction of efflux of the uranium
tetrachloride molecules streaming out of the pocket 34 into
the chamber 17. The arc practically fills the escape chan-
nel of the molecules.

The velocities and the directions of the arc electrons
and of the molecules differing, there result a number of
collisions causing the molecules of uranium tetrachloride
to be broken up or to be dissociated and some of the mole-
cules and resulting -atoms to be deprived of their own
electrons or to acquire extra electrons, one or more elec-
trons being either lost or gained by a proportion of the
particles. This results, then, in the production and pres-
ence in the issuing uranium tetrachloride vapor of a num-
ber of singly, doubly and multiply ionized particles, some
negative and some positive. - These particles, being
ionized, are electrically and magnetically responsive, so
that their subsequent travels or paths are controllable by
electrical and magnetic means. :

The path followed by.a charged particle when subject to
electrical and magnetic influences is dependent upon the
mass of the particle and alsoupon the sign and the amount
of its electric charge. Since all positive ions, for example,
have the same sign and all singly ionized particles have
the same amount of electric charge, the paths of those
particles will depend only upon mass differences in such
particles. Thus, under generally identical conditions, of
the singly ionized uranium positive particles, those having
a mass of 238 units will follow a certain or predetermined,
particular path, those-having a mass of 235 units will fol-
low a different but nevertheless established and predeter-
mined path, while those having a mass of 234 units will
follow.still another distinct, predetermined path.

Because the singly ionized positive particles are the most
immediately important herein, they alone are further
considered at this point. That is, the doubly and multiply
ionized positive particles, the negative ions, and the mole-
cules that are not ionized at all and remain neutral are not
of immediate concern in the process or operation of the
apparatus, so far as present knowledge indicates. Nega-
tive particles are repelled and confined to the arc chamber
for eventual neutralization by the anode, while neutral
particles are withdrawn from the chamber 17 solely by
the vacuum mechanism and not by electric or magnetic
means-and positively ionized particles other than singly
lonized ions are caused to take side paths to encounter
parts of the tank and to be thereon neutralized.

The singly ionized uranjum positive ions, ail having
the same amount and kind of charge, are to be. sent on
their three respectively different paths in accordasice with
their three respectively different masses. = For this reason,
there s provided a-means of imparting to the ions some-~
thing greatly in excess of the normal or thermal or random
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energy or velocity that they may have when formed in
the arc chamber 58. Energy and velocity are imparted
to the positive ions by causing them to fall through a sub-
stantial electrical potential difference. This is done by
providing as a part of the mechanism adjacent the source
31 an accelerating device including a pair of electrically
conducting plates 61 and 62, respectively, disposed at some
distance away from the block 32 and located substantially
symmetrically at either side of the opening of the chan-
nel 43.

Since a potential difference is to be maintained between
the block 32 and both of the accelerator plates 61 and 62,
these plates are connected together by a conductor 63 that
extends to a-terminal 64. A potentia]l difference of the
order of several thousand volts is maintained between the
block 32 and the accelerator plates 61 and.62 by main-
tainiug a potential difference of this magniture between the
conductor 54 and the conductor 63.  To accomplish this
a battery 66, or other suitable means of maintaining a
potential drop, is connected between the terminals 56 and
€4 so_that the accelerator plates 61 and 62 are several
thousand volts negative with respect to the source block 32.

.The accelerator mechanism, therefore, acts to repel neg-
ative ions and to withdraw the positive uranium ions from
the arc chamber 43 and to impart to such ions, as uniform-
ly as possible, a predetermined energy and consequent,
corresponding velocities, differing pursuant to the isotope
mass differences, but all oriented in the general direction
extending from the channel 43 to the gap 67 between the
accelerator plates 61 and 62. Their random motions
being so relatively slight, the particles move almost solely-
in response to the acceleration due to the -electrical po-
tential drop and, therefore, can be considered to have a
large rectilinear motion component due to the action of
the electrical field. B :

But the ions are also moving in.a magnetic field. It
is a characteristic of such duplex fields that they con-
strain in the affected particles a motion of a circular
nature, the radius of the circular path; other conditions
being equal, varying only with the mass of the particu-
lar particle. For a particle of the heaviest mass; namely,
238 mass units, emerging from the arc chamber 43 and
traveling through the gap 67 on a central or median path,
there is described, by reason of the influence of the mag-
netic field, a median, circular path, illustrated by the’
semi-circular arcuate curve 68 in Figure 2.

Not all'of the ions leaving the arc source under the
influence of the accelerator plates 61 and 62 follow a
median path. Many of them diverge to the right or
nearer the center of the circular path and many others
diverge to the left, or farther away from the center of
the circular path. As shown in Figure 2, the 238 mass
unit particles diverging inwardly follow an arcuate path
represented by the line 69, while those of 238 mass units
diverging outwardly or to the left follow the curved
line 71. .

Now, while the paths 68, 69 and 71 continue to diverge -
leaving the accelerator plates 61 and 62 and also continue
to diverge throughout the first 90° of their arcuate extent,
nevertheless, because of geometrical considerations, these
paths converge during the next 90°. Consequently, at
a point approximately a half turn or 180° away from
the accelerator plates 61 and 62 all of the 238 mass unit
ion paths cross within a relatively limited area: In effect,

5 a geometrical focusing is provided adjacent the 180°

point, even though there is a relatively wide angular path
divergence at the accelerator plates 61 and 62. o

The path divergence is confined almost entirely to di-
vergence in 2 horizontal plane or.in directions transverse
to the direction 8 of the magnetic field. There is. sib-
stantially no divergence in the direction of such field, so
that the median path 68 and the extreme divergence paths
69 and 71 of particles of 238 mass units are substantially
parallel when considered in a vertical direction and afford
a curved ribbon or beam uniform as to height, thin 4t
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the ends and thick in the middle ds to width, and con-
stituting substantially an envelope of the 238 mass unit
positive ions, as illustrated in Figures 1 and 2.

" Comparable considerations apply to positive particles
or ions having a mass of 235 mass units withdrawn from
the arc chamber 43 by virtue of the accelerating in-
fluence of the potential' drop between the block 32 and
the accelerating plates 61 and 62. An jon of 235 mass
units leaving the accelerating slot 67 on a median path
travels throughout a course represented by the line 72
in-Figure 2, while the right and left extremely divergent
particles of 235 mass units follow paths represented by
tlines 73 and 74. These paths are of the same nature as
those of the particles of 238 mass units, but are not of
the same radius. Since the particles are lighter, their
path ‘radius is smaller. The paths come approximately
to a geometrical focus a half-turn or 180° away from the
source, and spaced from the geometrical focus of the
heavier particles by a linear distance corresponding to the
three mass units difference between 235 and 238. This
linear distance varies from device to device, depending
upon other dimensions, and varies also with the dif-
ference in mass of the separated materials. It is con-
veniently referred to as three slugs.

"The positive ions having a mass of 234 mass units
are of a similar behavior, but since under present cir-
cumstances it is not necessary nor desirable to separate
the 234 mass unit component from the others, and since
there is only one mass unit difference between the 234
mass unit component and 235 mass unit component, the
234 ‘mass unit component can either be considered as
neglected or as being included with the 235 mass unit
component.

The geometrical relationships indicated in Figure 2
show that a relatively narrow angular divergence of the
paths 69 and 71 from the median path 68 produces a
fairly sharp focus a half-turn away. The greater the
angular divergence, the broader is the focus. It is de-
sirable to increase the angle or amount of divergence,
since more material is then withdrawn from the source.
Increasing the divergence is an appropriate practice until
the radial width of the beams 180° from the scurce ap-
proximates three slugs (in the present case), Qreater
beam width means that the beams in part overlap so that
the separated particles remix.

. This remixing is in effect contamination on one isotope
by another and is just the reverse of the desired result.
However, the amount of remixing, especially at the edges
of the beams, is not often serious. Since it is desirable
to transmit as many ions as possible in the beam, it is
often considered good practice to increase the angular
divergence beyond the amount at which the beams are
separate. Up_ to a point the amount of material trans-
mitted increases faster with divergence than remixing
increases with divergence. Some remixing is often
tolerated in order to increase the amotmt of yield. At
the half-turn point, the beams are not always discrete.
This has given rise to a rather loose use of the word
“beam” in reference to either of the streams of particles
considered separately or to the aggregate ion ‘transmis-
sion from the source, and sometimes in reference to
Iiminous bands or to a luminous band only.

For each component it is desired separately to collect, in
the present instance only the components U238 and U23%,
there is provided at an appropriate location near the
respective areas of geometrical focusing of the beam of
238 mass unit particles and’ 235 mass unit particles in
a target or collector region 75, a collector or target, gen-
erally désignated 76. It is constructed generally of metal
and' is provided with a support 77 mounted on the tank
wall 16. ' ‘ : ‘

The collector 76 is preferably maintained at the same
electrical potential as the accelerating plates 61 and 62
and, in the present instance, at the same electrical po-
tential as the tank 12. The metallic collector is provided
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with a .conductor 78 joined io a conductor 79 secured
to the tank 12. A wire 81 is connected to the conduc-
tor -79 and to the conductor 63 and thereby éstablishes
and maintains the various connected parts at about the
same electrical potential. ‘

The collector 76 preferably includes an enclosure 82
provided with-a pair of apertures 83 and 84, respectively,
for the receipt -of the 238 mass unit beam component
and of the 235 mass unit beam component. Within
the collector shell 82 there is provided means for receiv-
ing the entering ions and, more especially, for retaining
them against scattering out. Thus, there is afforded a
pocket 86 designed to receive and especially to retain the
238 mass unit particle beam and there is similarly pro-
vided a pocket 87 for receiving and retaining the 235
mass unit particle beam, these pockets being respectively
aligned with the apertures 83 and 84. Suitable elec-
trical leads, not shown, from each or from both of ‘the
pockets 86 and 87 extend either through one or more
current indicating or metering devices or directly to the
conductor 78. The ions entering the respective pockets
in accordance with their difference in mass contact the
pocket walls, are supplied there with electrons and con-
sequently become neutralized.

The result is a substantial deposit of neutral particles
in each of the pockets, those particles deposited and re-
tained in pocket 86 being for the most part U238 and
those particles deposited and retained in the pocket 87
being for the most part U235, In an ideal or perfect
device alt of the atoms in each pocket would be of the
same mass value, but in actual operating structures it
is found that some particles of each mass get into the
pocket reserved for the .other mass, either initially or
by subsequent scattering, and to this extent the material
in each pocket is contaminated. -

The contamination may be due to various causes, for
example to remixing resulting from wide angular diverg-
ence at the source, as described, or for example to gas
scattering. The geometrical showing in Figure 2 dis-
closes the ion paths as circular arcs, which they are in
practice except for disturbing factors. One of the major
disturbances is - due to the presence of residual air or
in general to gas molecules in the pathway of the ions
so that the ions collide with the gas molecules and are
diverted largely at random or are scattered. A reduction
of the number of gas molecules present reduces: the
scattering of the beam particles and the ideal situation
of Figure 2 is more closely approximated. But a great
reduction in the number of gas molecules interferes with
space charge neutralization, as described hereinabove,
Therefore, some gas scattering: is tolerated and results in
some contamination. . :

The contamination, preferably, is maintained at a low
value, although the tendency is to admit of higher con-
tamination so’ that larger quartities of material per unit:
time are collected. ‘ o

The amount of the contamination and the exact di-
vergence of the various beams to control their focusing
into -their respective pockets is assisted by a pair of
defining vanes 88 and 89 disposed near the accelerator
plates 61 and 62 and athwart the beam paths. The vanes
are thus in a position to control the maximum radial
width of the beams passing therebetween and to provide
a geometrical divergence gauge for the beams. :

A method of operation in accordance with the inven-.
tion can be epitomized in connection with the diagram-
matic structures of Figures 1 and 2. A charge of uranium
tetrachloride (a polyisotopic compound) is placed ‘in
the source pocket 34 and the tank 12 is closed. . The Dry
Ice trap 26 and the liquid air trap 22 are charged, the
valve. 21 is opened and the backing pump 23 is started.
When the tank interior pressure is somewhat reduced, the-
diffusion pump 19 is started. = The pumps are operated.
so as to maintain the tank pressure in the neighborhood
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of 10—* to 10-5 mm. Hg throughout the operation of
the device.

When the tank pressure is suitable, the magnet poles 6
and 7 are energized to establish a field of about 3000
gauss and the circuit to the filament 47 is closed with
a voltage drop across the filament of about 2 volis and
a current flow of 200 amperes. The circuit is closed to

. the anode 32 and the filament 47 so that a potential
difference of about 100 volts exists therebetween and an
arc is established. Meanwhile the circuit to the heater
36 is closed and about a kilowatt of electricity flows.
The uranium tetrachloride sublimes and flows as a vapor
through the arc where, among others, singly charged U238
and U2 positive jons are formed. These are with-
drawn as soon as the circuit to the accelerators 61 and
62 is closed to impose a potential drop of some 10 to 20
kilovelts between the source 31 and the accelerator. The
withdrawn ions speed in arcuate paths, as shown in Fig-
ure 2, with more or less accuracy into their respective
pockets 86 and 87 in the collector 76.

After a period of operation as described, the vacuum
mechanism is interrupted, the electrical connections are
interrupted, the pressure within the chamber 17 is brought
up to atmospheric, the source unit 31 is removed for
cleaning and recharging, and the collector 76 is removed
and treated for dislodgment of the collected U238 and
U235 atoms. After this treatment, these members can
be returned to the tank 12 and the operation can be
repeated indefinitely.

Such is the exemplary operaticn. Such is the opera-
tion that is preferably performed with the exemplary
device.

The device I constructed (Figures 3 to 19) entails the
use or incorporation of a magnetic field of relatively
great uniformity and steadiness, that is, a so-called “hom-
ogeneous” field. It likewise requires a field of such nature
also having- a relatively large cross-sectional area or
extent. This field is provided by a magnetic field frame
106 (Figure 4) comprised of an iron casting mounted
upon a suitable supporting base 107 and forming a sub-
stantially closed magnetic path. The path is of a gen-
crally circular contour enveleping a central space 108
accommodating two projecting pole pieces 109 and 111,
respectively. These pole pieces are circular cylinders
in contour and arc arranged coaxially with their pole
faces 112 and 113, respectively, disposed in substantially
parallel horizontal planes.

The pole pieces 109 and 111 are provided with coil
windings 114 and 116, respectively, suitably included in
a power supplying electrical circuit, not shown.
circuit is capable of energizing the magnet to afford
between the pole faces 112 and 113 a magnetic field of
generally uniform consistency and of a strength of the
order of 3G00 gauss. Preferably, the orientation of the

magnetic field so produced is such that the direction of ;3

the resulting magnetic flux is from the pole piece 109
toward the pole piece ¥i1 as indicated by the arrow
117 in Figure 4.

The space intervening between the pole faces 112 and
113, in accordance with my invention, is cccupied by a
tank 118 (Figures 3 and 4) enclosing a chamber 119.
This chamber enclosing tank 118 is generally a circular,
cylindrical structure when seen in horizontal cross sec-
tion and in side elevation is approximately rectangular.
It is conveniently fabricated in several pieces, including a
non-magnetic cast metal intermediate cylindrical wall
121 having a tongue and groove connection 122 with a
generally circular relatively thick bottom plate 123 and a
comparable refatively thick metal top plate 124. When
considered together the side wall 121 and the top and
bottom plates 123 and 124, respectively, enclose and de-
fine the vacuum-tight chamber 112. - The relatively thick
metal plates 123 and 124 are preferably of magnetic
material so that their effect is to iron out any minor
_irregularities in. the magnetic field. A quite uniform
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flux distribution is afforded throughout the entire interior
of the vacuum chamber 119.

For convenience in handling and because of the rela-
ively great weight of the tank or chamber assembly and
its appurtenances, the chamber wall 121 at appropriate
points is preferably provided with a plurality of brackets
126 extending outwardly in pairs from opposite sides of
the side wall 121, The brackets are similar in construc-
tion and each of them is provided with a flanged support-
ing wheel 127 designed to operate upon the associated one
of a pair of tracks 128 and 129, respectively, suitably
arranged on the base 107 so that the vacuum chamber
can readily be moved into position between the pole
faces 112 and 113 and can as readily be removed there-
from for inspection, overhaul, or servicing.

In accordance with the invention, the interior of the
chamber 119 is connected to means for reducing the
pressure existing within the chamber and consequently

reducing the density of the atmosphere therein so that,

the distance between air molecules is much greater than
it is at aimospheric pressure, TFor that reason, the wall
121 at a convenient location in its periphery is provided
with an aperture 131 approximately of circular contour
affording an egress from the chamber 119 leading into
a conduit or manifold 132 connected to an evacuating
mechanism- usually designated 133. The evacuating
mechanism preferably includes a suitably constructed
diffusion pump 134 of relatively large capacity, which is
assisted or backed by a mechanical vacuum pump 136.
By operation of the mechanical and diffusion pumps the
pressure within the chamber 119 is reduced to a value with-
in the desired range, which generally is approximately
from 10—* mm. Hg to 10-% mm. Hg.

A so-called “source” unit is disposed at a suitable loca-
tion on and within the tank. - For this purpose, at a
convenient point in the side wall 121 the tank is provided
with a circular aperture 138 piercing a flattened or planar
part of the side wall. Adjacent to and coaxial with the
aperture 138 is a mounting collar 201 fabricated in the
form of a metal annulus peripherally pierced to receive a
plurality of studs 202 anchored in the side wall 121 of
the vacuum tank. Cooperating with the studs are nuts
203 that can be selectively tightened in order to urge the
collar 207 toward the side wall of the tank. The annular
collar 261 on its interior face is beveled to receive a
thick gasket 204 of conical form adapted to seat against
the correspondingly contoured and flared skirt 205 of
a tubular insulator 266. When the gasket is removed, the
collar can be slipped over the flared skirt. . The insulator
is preferably fabricated of a ceramic material chosen for
its mechanical and dielectric strength and is flattened
to seat on a gasket 207 interposed between the insulator
and the tank wall. The insulator is swelled or enlarged
intermediate its ends to provide a globular central con-
figuration 208 for greater strength.

The opposite end of the insulator is formed to afford
a flared skirt 209, . Against the skirt 209 rests a conical,
thick gasket 211 squeezed in place by an annular clamp
collar 212 peripherally pierced to accommodate a plu-
rality of studs 213. = Each of the studs is provided with
a cooperating adjusting nut 214 and is anchored in a
mounting plate 215. A gasket 216 is interposed be-
tween the flat outer end of the insulator 206 and the
flat meeting face of the mounting plate 215. A central,

s5 circular aperture 217 is provided in the mounting plate,

By appropriately locating the collars 291 and 212 and
by suitably tightening the nuts 203 and 214, the cen-
tral aperture 217 can be aligned with the corresponding
aperture 138 provided in the wall 121 of the tank. The
amount of displacement or adjustment provided by these
means is not great- but is sufficient to take care of any
minor discrepancies in the configuration of the insulator
286 and to provide within relatively narrow limits the
desired relationship of the apertures while affording an
airtight extension of the evacuated volume.
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Secured to the plate 215 so as in effect to form a
part thereof is a supplementary plate 221 held in as-
sembled position by studs 222. The axis of the sup-
plementary plate 221 is arranged in coincidence with
the central axis of the plate 215 so that a central open-
ing 223 in the plate 221 merges with the aperture 217.

The mounting as so far described is entirely rigid,
although slightly adjustable with respect to the tank upon
initial installation; yet, in order to afford during oper-
ation a relatively wide range of manipulation in certain
planes or directions, I provide an adjustable support.
To that end the supplementary plate 221 is machined
to receive .a pair of oppositely disposed, axially aligned
pivot studs 224 and 226, respectively, preferably oriented
with their axes coincident in a substantially vertical di-
rection. These studs are screwed tightly home in the
supplementary plate 221 and serve as pivot bearings
for a frame 227 including a pair of sagittal arms 228
and 229. Adjacent its respective pivot 224 or 226 each
of the arms is flared to afford opposite projections 231
and 232 acting as stops to limit the amount of angular
rotation of the frame 227 about the axes of the pins
224 and 226 by contact with the upstanding surface of
the plate 215, .

At their remote ends the arms 228 and 229 are se-
cured by a plurality of fastenings 233 to ears 234 in-
tegrally formed with a collar 236 defining an aperture
237 that may be axially aligned with the openings 223
and 217. The collar 236 is provided with an annular
groove 238 guiding ball bearings 239 abutted .by a ring
gear 241. The ring gear is held in position against
axial displacement but with freedom for rotation by
radial fingers 242 and 243, respectively, secured at the
ends of the arms 228 and 229. The ring gear 241 around
its periphery is serrated to afford gear teeth 244 meshing
with mating teeth 246 cn a spur gear 247 (Figure 6)
fast on a stub shaft 248 partially bearing in the collar
236 and partially bearing in a sleeve 251 screwed into
a threaded aperture in that plate and projecting from
one side thereof. A collar 252 is engaged with the stub
shaft 248 by means of a setscrew 253 to preclude axial
translation of the stub shaft but to permit rotation thereof
with respect to the mounting collar 236.

The stub shaft 248 is enlarged to abut the gear 247
and at its outer end is formed with a noncircular con-
tour, such as a diametral slot 254, for the reception
of a suitable rotating tool. An indicating drum 256 is
mounted upon the stub shaft 248 for rotation therewith
and is displaceable with regard to an indicating pointer
257 suitably secured to the collar 236. With this ar-
rangement, upon rotation of the stub shaft 248 an indica-
tion of the angular displacement of the shaft is obtain-
able at the same time that the ring gear 241 is suitably
rotated.

Advantage is taken of the rotation of the gear 241 to
produce an axial translation of a mounting sleeve 258
provided with a relatively fine screw thread 259 for
the major portion of its exterior to engage a comparable
thread on the interior of the gear 241. The threaded
sleeve 258 is prevented from rotating and is constrained
to axial translation only with respect to the collar 236
by a set pin 261 seated in an extension of the plate 236
and cooperating with a longitudinal groove 262 cut in
the sleeve 258. A vacuum-tight relationship between
the sleeve 238 and the supplementary plate 221 is main-
tained by an expandable metallic bellows 263, at one
end firmly secured to the sleeve 258 and at the other
end firmly secured to the supplementary plate 221. The
bellows 263 not only accommodates axial motion of the
sleeve 258 but likewise bends laterally to accommodate
swinging of the sleeve and the frame 227 about the
axes of the pivots 224 and 226. ‘

The swinging movement is preferably under the con-
trol of a manipulating shaft 271, at its outer end pro-
vided with a noncircular contour, such as a.diametral
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slot 272, so that an appropriate tool, by engagement
with the slot, can impart rotation to the shaft. An in-
dicating wheel 273 is clamped upon the shaft 271 and
is movable with respect to a pointer 274 to yield an
indication of the relative position of the parts. The
shaft 271 is formed with threads 276 to engage a com-
parably threaded bushing 277 anchored in the collar
236 so that, concurrent with its rotation, the shaft 271
is likewise axially translated. At its innmer extremity
the shaft 271 is provided with a concavity 278, acting
as a seat for the rounded end 279 of a rod 231 extend-
ing alongside the frame 227 and likewise having a round-
;czilend 282 seated in a suitable depression in the plate

In order at all times to maintain the rod 281 in close
abutment with the plate 221 and with the screw shaft 271,
spring pressure is exerted thereupon. This is effectuated
through the medium of a thimble 284 screwed upon the
sleeve 251 and affording a depressed seat 286 for a bear-
ing point 287 at one end of a telescopic structure gen-
erally designated 288. The structure 288 includes an
outer sleeve 289 supporting the point 287 and likewise
encompasses a relatively strong coil spring 296 bearing
against the end of the interior recess of the sleeve 289.
The spring also bears against one end of a rod 291 slid-
ably disposed within the sleeve 289 and also seated in a
suitable depression in the outer face of the supplementary
plate 221.

The effect of this mechanism, due to the expanding
urge of the spring 290, is to tend to force the sleeve 289
away from the rod 291 and to tend to displace the piv-
otally mounted frame 227 in a ccunterclockwise direc-
tion, as seen in Figures 3 and 6, thus exerting spring pres-
sure.at all times upon the rod 281. In this fashion a
rotary movement of the shaft 271 is effective to swing
the adjusting frame 227 in either direction, depending
upon the direction of rotation of the adjusting shaft 271,
and is therefore effective to swing the axis of the sleeve
258 so that it is either aligned with or makes a selective
angle with the axes of the apertures 138, 217 and 223.

To maintain the pressure-tight integrity of the interior
of the insulator 206, the bellows connector 263 and the
sleeve 258, the apertured end of the sleeve is provided
with an inturned flange 292 drilled and tapped to receive
fastenings 293 removably securing an end closure 294 in
place. - The end closure is relatively heavy, to serve as
an appropriate support for a stem 295 comprising a
rod of metal reduced and threaded at its outermost end to
engage a suitably threaded recess 296 in the closure plate
294 so that the rod 295 is disposed rigidly with respect
to the sleeve 258 and coaxially therewith. The stem 295
is of sufficient extent to pass through the sleeve 258, to
pass through the insulator 206, and to pass through the
opening 138 in the tank wall.

Near its innermost end the stem 295 is reduced in
diameter and continues as a smaller rod 297, the end
being enlarged to provide a mounting boss 298. Ther-
mally and electrically insulated from but fastened to the
boss 298 is a source block generally designated 299
(Figure 5). The source block is suitably fabricated of
nonmagnetic metal and is removably secured to the boss
298 by fastenings 301. Interiorly the source block 299
is contoured to provide a generally circular, cylindrical
cavity 302 designed to receive the polyisatopic or other
material to be separated. The material is either disposed
loosely within the cavity 302 and in immediate heat
transferring relationship to the walls thereof, or is con-
tained in a charge bottle, not shown, itself disposed with-
in.the cavity 302. In either event, access to the cavity
is had by the temporary removal of a cover plate 393.
This is preferably a plate of a suitable metal, having a
depending boss 304 extending into the cavity 302 to afford
a relatively tight seal. After positioning of the charge
within the cavity 302 the cover 303 is refurned to its
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seated and sealed position, substantially as shown in
Figures 4 and 7.

In accordance with the invention, the material within
the cavity 392 is heated in order to change its state into
a gaseous form. For that reason there is provided a
heat supply to the bicck 299. Being of metal, the block
is a good thermal conductor, and also is of sufficient mass
to conmstitute a good heat distributor, so that the charge
within the cavity 302 is heated quite uniformly.  To make
use of these attributes, the block 299 is contoured to pro-
vide a cavity 306 parallel to the cavity 362 and open at
both ends to receive and encompass an electric heating
coil 307 preferably comprised of a helix 398 of conduct-
ing wire wound upon a ceramic core 389. The core is
held in position by a cap plate 311 overlying the top of
the cavity 306, while the bottom of the core serves as a
mounting insulator.

The two ends of the conducting helix 308 are both
brought out to the core bottom insulator. One of the
ends is connected to a conducting rod 212 joined by a
wire 313 to the enlarged boss 298 on the end 297 of the
conducting stem 295. The other helix end, adjacent to
the core bottom insulator, is fastened to a conducting
rod 314 joined by & wire 315 to a conducting electrode
316 projecting from an insulating sheath 317 disposed
parallel to the stem 294. The conductor 316 and its
sheath 317 are mounted for simultaneous functioning
and motion with the stem 295 by an insulating and aper-
tured supporting disk 318 overlying the stem 295 and

encompassing the sheath 317. The conductor 316 and &

sheath 317 extend parallel to the stem 295 through the

insulator 208, through the bellows 263, and through the »

closure plate 294,

A vacuum seal at the point where the sheath 317 pierces
the closure 294 is provided by a flange 319 on the closure,
against which a rubber or comparable deformable gasket
321 is pressed by a packing gland 322 threadedly engag-
ing the closure plate 294. The conductor 318 is suitably
packed within the insulating sheath 317 for vacuum tight-
ness and at the atmospheric end of such sheath emerges
and is provided with a suitable connecting screw 323 for
the attachment of an electric wire. Thus, electricity sup-
plied to the conductor 316 is led in through the sheath 317
to ‘the interior of the chamber 119, passes through the
conducting rod 314, through the heating coil 307, and
through a return conductor wire 313 to the conducting
stem 295,

The -effect of the energization of the helical coil 387
by activation of the electric supply circuit is to heat the

charge block 299 and correspondingly to heat the charge -

contained in the cavity 362. The gas evolved is permitted
to leave the cavity 382 through a vertically extending
radial slot 326 intersecting the cavity and also extend-
ing substantially the full height thereof, thereby affording
communication between the interior of the source block
299 and the interior of the chamber 119.

In order to render the gas particles electrically and
magnetically responsive, they are ionized by collision with
electrons. These electrons are furnished in an arc estab-
lished in the immediate vicinity of the slot 326. For
this reason, an electron source is provided adjacent to the
source block 299 and above an aperture 327 in the cover
303 for defining the path of communication between the
slot 326 and the space immediately above. The electron
source proper is a filament 328 made either as a wire or
as a shape cut from a plate of metal, such as tantalum
or tungsten. A selected portion of the filament is dis-
posed in a direct line above the aperture 327 and the
slot 326.

The filament 328 is mounted with its ends secured in
substantially identical clamps 329 and 331, respectively.
Each clamp includes an upper plate 332 and a lower
plate 333, urged toward each other by fastening screws
334. The extent of the filament is considerably greater
than the size of the aperture 327 so that only a restricted
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part of the electrons emanating from the filament is per-
mitted to pass into the slot 326. The remaining dowii-
wardly traveling electrons from the filament are received
on the cover plate 383. In a similar fashion, electrons
leaving the filament and traveling upwardly are received
on a shield plate 336 overlying substantially the entire
filament. The shield is preferably formed integrally
with one of the top plates 332 and, therefore, is also held
in position by the adjacent fastening devices 334.

Electricity for heating the filament and driving elec-
trons therefrom is supplied to the filament by conductors
337 and 338 (Figures 5 and 10), constructed of tubes
sufliciently massive as to constitute also mechanical sup-
ports and positioning devices for the filament. The con-
ducting tubes are of such large diameter that they also
serve well as water conduits for carrying away excessive
heat developed in and about the filament and its mount-
ing.

The tubes 337 and 338, although electrically distinct,
are similar in mechanical construction. The tube 338,
for example, is closed at its end by a conductor plug 339,
Spaced from the plugged tube end is the terminus of an
interior water supplying tube 341 having a beveled outlet
so that water supplied through the inner tube 341 flows

3 from the beveled cutlet into the outer tube 338 and re-

turns through the annular space between the inner tube
341 and the outer tube 338. The comparably constructed
and operating tubes 337 and 338 both pass through the
insulating disk 318, through the aperture 138, through
the insulator 206, the beliows 263 and the closure plate
294,

Fach of the outer tubes 337 and 338 is provided with
one of an identical pair of electrically insulating and
vacuum sealing devices 342, so that the water for cool-
ing the filament mounting is led into the interior of the
vacuum mechanism from the atmospheric side without
leakage. The two exterior tubes 337 and 338, being
electrically distinct from -each other, serve as the supply
and return leads, respectively, for the electric current
utilized to heat the filament 328. The filament current
tubes are maintained at a different voltage than the source
block 299,

The electrons leaving the portion of the filament im-
mediately above the aperture 327 stream downwardly
in a generally vertical direction, largely under the in-
fluence of the source block voltage and somewhat con-
fined by the influence of the magnetic fleld which has a
parallel but opposite flux direction, and pass into an
especially formed arc chamber 346. This is convenient-
iy constructed by drilling into the block 299 on an axis
parallel to the axis of the cavity 342 and so that the cham-
ber 346 merges with the slot 326 adjacent to or just short
of the exterior of the arc block 299. By this construc-
tion’ there is provided a continuous, intermiediately en-

5 larged passage from the chamber 302 on the interior of

the block 299 to the chamber 113. Gas molecules leav-
ing the cavity 302 and passing through the slot 326, be-
cause of the pressure difference between the cavity 302
and the chamber 112, necessarily also pass in a generally
horizontal direction through the arc chamber 346.
Elecirons from the filament passing down through
the arc chamber ultimately arrive at an anode surface
347 constituted by a portion of the source block 299 im-
mediately below the aperture 327. The electrons from

5 the filament are impelled to traverse the arc chamber by

the potential difference existing between the filament 328
and the anode 347. The electrons passing vertically
through said chamber collide with a portion of the hori-
zontally moving gas molecules.  The effect of the elec-
tron: stream colliding with the issuing gas molecules is to
ionize & large number of the molecules, either singly or
multiply, thereby producing ions of the various charge
material isotopes.

The ions-as produced have energies of the order only of
thermal energies.. They have generally random direc-
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tions, for the most part inclusive of a component extend-
ing in a direction from the source chamber 302 through
the aperture 326 toward the chamber 119 largely in a
horizontal plane without material vertical direction. The
paths of the molecules prior to ionization are generally
rectilinear since the molecules are not affected by mag-
netic or electrical fields. Immediately upon ionization,
however, the ionized molecules are subject to magnetic
influence and to electric influence. Because of the mag-
netic field, as soon as the molecules change to ions they
follow curved paths.

In accordance with the invention, I take advantage of
the. property of electrical responsiveness of the ions to
remove the positive ions from the arc chamber 346 as
promptly as they are formed and to impart to them a
predetermined direction of motion and, in addition, a
predetermined energy increment sufficiently large to ren-
der any casual motion components of negligible effect.

The described effects are produced by an accelerating
mechanism generally designated 351 (Figures 7 and 8),
maintained at an electrical potential different from the
potential at which the source block 299 is maintained,
and preferably at a potential approximately six kilovolts
negative with respect to the source block. The accelerat-
ing mechanism is mounted on an insulated plate 352, held
by fastenings 353 piercing insulating bushings 354 and
extending into the bottom plate 123 of the tank. Secured
to the insulated plate 352 is an upstanding metallic bracket
356. To its upper end is secured a generally rectangular,
metallic accelerator plate 357, held in place by fasteners
358. :

A similar rectangular, conducting accelerator plate 359
is mounted approximately coplanar with the plate 357
and is arranged to be moved from a first, closed position
in substantial contact with the plate 357 into a second,
open position spaced away from the plate 357. The
facing or mutually adjacent edges 361 and 362 of the
plates 357 and 359, respectively, define an accelerating
slot 363, adjustable or variable in width between virtually
nothing and the desired value. To accomplish the de-
sired motion, the accelerator plate 359 is secured to a
metal bracket 364 fastened to a lever plate 366 of gen-
erally horizontal extent.. The plate is provided with a
bearing tube 367 journaled on a bearing pin 368 screwed
into the plate 352 and having an enlarged hexagonal base
369 for reception of a wrench. A cap washer 371 held
in place by a cap screw 372 holds the plate 366 and its
associated  bushing 367 in position for rotation relative
to the mounting pin 368.

Upon rotation of the plate 366 the accelerator plate
359 is comparably moved, and although its motion is
rotation about the axis of the pin 368 as a center, the
angular extent of the motion is sufficiently small so that
the displacement of the plate 359 from a coplanar rela-
tionship with the accelerator plate 357 is not detrimental.
In. fact, transverse displacement of but one of the ac-
celerator plates is an advantage, since the ions traveling
from the slot 326 to the accelerating mechanism 351 nec-
essarily follow a curved path under the influence of the
magnetic field. The direction of displacement of ‘the
accelerator plate 359 is radially inward, so that the plate
tends to increase the sharpness of curvature with a wider
ion beam. :

The lever plate 366 is operated by means of an extend-
ing arm 373 at its extremity pivotally fastened to a screw
rod 374, the connection being effectuated by a pin 376.
The screw rod 374 is maintained nonrotatable by the pin
connection 376 and is threaded along the other end to
engage an internally threaded, rotatable sleeve 377 pierc-
ing the wall 121 of the tank. A combined bearing and
‘vacuum seal 378 is effective to permit rotation but pre-
vents translation .of the sleeve 377. As it emerges from
the vacuum chamber into the atmosphere, the sleeve is
formed into a crank shaft 379, terminating in a hand
crank 381, . . ,
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By appropriate rotation of the hand crank 381 in either
direction the sleeve 377 is comparably rotated and by
its threaded engagement with the rod 374 causes the rod
to be projected or retracted. This produces angular mo-
tion of the extension arm 373 and rotates the lever plate
366. ‘The rotation produced is usually through only. a
relatively restricted angle, so that the difference between
the arcuate motion of the extension arm 373 and the rec-
tilinear translation of the threaded end of the rod 374
is compensated for by a yielding or resilient bending of
the rod 374.

The positive single ions withdrawn from the arc cham-
ber by the operation of the accelerating means all initially
travel very approximately the same arcuate channels
within the permitted angular divergence from a median or
center path. Near the source they are restricted in their
transverse or radial channel width by the slot or open-
ing 363 existing between the accelerating plates 357 and
389. It is preferable to operate the structure with the
accelerating plates 357 and 359 spaced sufficiently far
apart or arranged to provide a slot 363 of such width that
the greater portion of the jon stream passes freely between
such accelerator plates without impinging thereon. That
is to say, only occasional or random ions collide with the
accelerator in its preferred position of adjustment. It is,
nevertheless, desirable sometimes to lLimit the radial ex-
tent or width of the beam, and in the present instance that
end is attained by a mechanism in addition to the acceler-
ating mechanism. The additional mechanism is effective
to prevent the passage of accelerated ions in the event
they do not.occupy any one of nmumerous permissible
paths located within the desired angle of divergence or
departure from the median path.

For this purpose there is disposed within the chamber
119, in the general direction of advance of accelerated
ions and on the side of the accelerating mechanism away
from the jon source, a beam defining mechanism gener-
ally designated 386. This mechanism, as especially
shown in Figures 3 and 9, incorporates a pair of substan-
tially identical planar plates 387 and 388, respectively,
conveniently fabricated of a conducting metal and ar-
ranged to be movable relative to the tank 118 and, in
addition, to be movable relative to each other. The mo-
tion is preferably one of rectilinear translation in a plane
radial with respect to the beam median path.

The plate 387 at its lower end is mounted on a pair of
axles 389 and 391, respectively. Each axle at orie of its
extremities is provided with a plain-rim wheel 392 rest-
ing upon a flat track 393 fastened to the floor 123 of
the tank. At its opposite end, each of the axles 389 and
391 is provided with a grooved wheel 394 running upon
a flanged rail 396 parallel to the rail 393 and secured to
the floor 123 of the tank. Thus, the plate 387 is con-
strained to rectilinear translation. ‘

This motion is produced-as desired by means of a
manipulating rod 397 fasiened to the plate 387 by an
angle connector 398 curved to lie outside of the upper
extremity of the beam. The rod 397 extends radially
outward from the chamber 119 through the wall 121 to
an operating extension 399 at a convenient external point.
There is afforded a vacuum seal 401 and a position clamp
screw 402 at the point of passage of the rod through the
wall. The plate 387 can therefore be set at any desired
position or can be changed in position at any time.

Quite similarly, the plate 388 is provided with a pair
of axles 403 and 404, respectively, having at their ex-
tremities plain wheels 405 like the wheels 392, and at
their opposite extremities flanged wheels 406 comparable
to the wheels 394. The plate 388 is rectilinearly trans-
lated by manipulation of a rod 407, The inner end of
the rod is reduced in diameter so as to be readily joined
to a block 408 connected by fastenings 4¢9 to the plate
388. The rod 407 passes through the wall 121 to the
exterior of the tank in the same fashion and with the
same appurtenances as the rod 397 and is subject to the
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sameé manual operation, so that the plate 388 can be
clamped in any selected position or can be moved into
any other desired location in order that the width of the
beam can be limited to any desired value.. Any ions
striking the beam defining mechanism are neuiralized or
grounded, since the defining mechanism is a conductor
grounded on the tank 118.

Jons passing from the accelerator through the defining
means continue their arcuate travel within the chamber

and tend to converge approximately 180° from their ]

origin in the arc chamber. Negative ions multiply ion-
ized and some neutral particles deposit in various loca-
tions within the chamber 119. ‘These are not of imme-
diate concern. Attention is directed to uraninm singly
ionized positive particles. It is often desired to collect
such ions pertaining to one or more of the isotopes at
the 180° point and in relatively small amounts. That is,
sometimes a selected stream or beam of one kind of
ions is collected primarily as an electric current rather
than ‘as a discrete quantity of substance, in order that the
operation of the machine may be tested and checked. In
this way the adjustment and mechanical and electrical
setting of the various parts can be arranged at optimum
values. Tt is also desirable that different portions of the
various beams, or of a composite beam, can be individu-
ally examined so that the characteristics of the various
portions can individually be determined.

For the foregoing and other reasons I provide, in ac-
cordance with my invention, a current collector gener-
ally designated 410, especially as shown in Figures 12, 14,
16 and 17. This device comprises a circular, cylindrical,
metallic shell 411 having in one portion thereof an elon-
gated slot 412 through which ions can pass. Within the
cylindrical shell 411, but spaced from the walls thereof,
is diametrally disposed a metallic, electrically conducting
plate-413. At one end, the plate is held in position by
fixed engagement with a metal centralizing disk 414
seated within a flanged annular packing cup 415 of insu-
lating material. The cup is in turn retained by an end
plug 416, removably secured in place by a plurality of
radial screws 417.. There is afforded a passageway 418
through the plug 416 serving as a pump-out for the space
between the plug and the disk 414.

The other end of the plate 413 is fixed to a metallic,
conducting disk 419 nested within the confines of a
flanged, annular packing 428. The parts are urged
tightly into position and firm contact with the disk 419
is made by a'metallic coil spring 421 axially disposed and
seated within a bored-out plug 422 of metal acting as an
electric conductor.
insuring good electric conduction between the plate 413
and the plug 422. Encompassing the plug 422 is a
thimble 423 of insulating material, in turn seated within
the confines of a base plug 424 retained in the end of
the cylindrical shell 411 by fastening screws 425. An
aperture 426 establishes: communication between the in-
terior of the chamber 119 and the space between the
plug 422 and base plug 424 for pumping-out purposes.
The plate 413 is thus maintained in position within the
shell 411, being electrically insulated therefrom but being
electrically connected to the plug 422. A screw fastening
427 engages the plug 422, extends through an aperture
428 in the base plug 424 so that it is insulated therefrom,
and is joined to an electrical conductor 429,

The sheil 411 aod its contents are supported upon
and firmly secured to a mounting tube 438, also serving
as.a protector for the conductor 429. The tube 436 and
the conductor 429 are insulated by an interposed sleeve
of insulating material, such as a glass pipe 431. The

tube 430 extends from one end of the normal base of the 7

shell 411 and makes a reverse curve to coincide with
an axis of symmetry of the shell 411, and then extends
in a rectilinear path through a rotatable mounting in the
wall 121 of the vacuum chamber.

With the arrangement of the mounting tube 430. as

The spring 421 serves as a means of !
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shown in Figure 12, the slot 412 is normally disposed
so as to face and receive the incoming ions. ‘If desired,
however, a slot of lesser length may be employed in
order to determine the characteristics of a restricted por-
tion of the received beam. This is effectuated by rotat-
ing the tube 439 about the axis of symmetry through
approximately 180°, thus placing the clongated slot 412
on the downstream side of the shell 411. At the same
time, this exposes and positions, for the receipt of jons,
2 short slot 432 cut through the shell 411 substantially
oppesite the slot 412, The short slot 432 permits access
by ions to the opposite side of the current receiving plate
413. Thus, ions entering the slot 412 or entering the
slot 432 contact one side or other other of the plate 413
and merge with neutralizing electrons derived from the
electric circuit in which the plate 413 is included.

In accordance with the invention, it is desirable to
provide a mounting for the collector 410 so that the
collector can not only be rotated through 180° but can
aiso be adjusted up and down, back and forth, and in and
out with respect to the tank 118. I, therefore, provide
a special mounting as illustrated in Figures 3 and 12.
The tube 430 in its coaxial portion passes through an
aperiure 433 in the wall 121 of the tank and also passes
through an aperture 434 in a closure plate 436 secured
to the side wall of the tank. The rectilinear stem of the
tube 430 passes slidably through a combined mounting
bushing and vacuum seal 437 in a plate 438 connected
by a bellows 439 to the plate 436 so that a vacuum-tight
engagement is afforded.

The piate 438 is maintained in any selected position
of orientation with respect to the plate 436 by means of
a plurality of adjusting studs 441, interposed between
the plates 436 and 438 and provided with jam nuts 442
and 443, respectively. The studs 441 are preferably
tightly screwed into and fixed in the plate 436, but pass
rather loosely through the plate. 438, The plate 438,
therefore, can be moved as desired with respect to the
plate 438, its adjusted position established by an appro-
priate positioning of the jam nuts 443, and supplementary
jam nuts 444 can then be tightened in order to secure
the relationship so established. In this fashion, the axis
of the tube 439, and correspondingly the position of the
current .receiver 416, can be adjusted through various
different angles and can consequently be fixed in any
desired location within rather wide limits.

To assist in supporting the tube 430 and its appurte-
nances, there are mounted on the plate 438 pairs of sup-
port rods 446 and 447, respectively. Fach support rod
at its inner end is secured in the plate 438 by fastenings
448 and at its other end is anchored to a mounting plate
449 by means of lock nuts 451 and 452, respectively.
The mounting plate 449 extends transversely of the sup-
ports 446 and 447 and is provided with a central boss

53 433 through which the tube 430 passes freely. An ad-

justable setscrew 454 is threaded into the boss 453 and
engages the tube 438 to prevent undue rotation thereof
and undesired translation as well.

Passing entirely through the tube 439 is the conductor
429 insulated by the pipe 43%. The conductor is well
sealed against air leakage and ultimately emerges at the
atmospheric end of the tube to provide a connection
436 to an appropriate part of an electric circuit, not
shown. This circuit usually includes an indicating device,
and sometimes an amplifier as well as an indicator, so
that the amount of current flowing through the circuit
incleding the conductor 429 will afford an indication of
the quantity of ions being received by the plate 413.

While it is helpful in setting the machine, and is often
of interest for technical reasons, to obtain current read-
ings on the collecting mechanism as just described, it is
nevertheless the fundamental purpose of the device to
achieve separation of sufficient quantities of material so
that the material itself is recoverable as a substance and
is not merely readable as an electric current. - ‘
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‘The collecting device just described is effective to indi-
cate curreats, for to do so it is only necessary for it to
be momentarily or instantancously in receipt of a charged
particle. The subsequent course of such particle is of
no consequence to the current indication. That is to say,
if an ion contacts the plate 413 and acquires an- electron
in the process, a pulsation is afforded in the electrical
circuit and a reading may be had. Even so, the now
neutralized ion may rebound from the plate 413 or may
otherwise be dissipated and not even be discernible nor
remain within the shell 411. Current readings at the
plate indicate well enough the arrival of ions, but as such
are by no means indication of the retention or presence
of substantial quantities of deionized, separated mate-
rial on or near the plate

1t is consequently in accordance w1th my invention to
provide a mechanism that not only receives and effectu-
ates the deionization of the isotopic ions and affords a
current reading corresponding thereto, but likewise and
more especially is capable, in addition, of receiving the
ions, effectuating their deionization and retaining them
for future collection in macroscopic quantities. Such a
structure is readily interchangeable with the current col-
lecting structure of Figures 12 and 16, and is particularly
illustrated in Figures 13, 15, 18 and 19.

In this instance, there is provided a tubular stem 461 in
all respects identical with the tube 430, except that it is
provided with a pair of electrical conductors 462 and 463,
respectively, each being insulated from its surroundings
by a suitable insulating sleeve 464. The tube 461 is ro-
tatable within the mounting bushing and the vacuum seal
437 and within the boss 453, and is likewise slidable there-
in. The inner end of the tube 461 merges with a base
plug 466, provided with a central recess 467 connected by
a passageway 468 to the interior of the chamber 119, so
that there can be a rapid pumping out to subatmospheric
pressure. - The recess 467 receives an insulating plug 469
having an upper flange 471 centralizing the plug within
the base.

The conductors 462 and 463 pass through individual
passages 472 and 473 in the insulator 469, and lead to the
interior of a circular, cylindrical, metallic sleeve 474. At
one of its ends, the sleeve encompasses and is secured to
the plug 466 by a plurality of radial fastening screws 476.
Disposed against the base plug 466 and against the in-
sulator 469 within the shell 474 is a flanged annular in-
sulating cup 477.. Within the -cup is nested a conducting
disk 478, also serving to centralize within the shell a sup-
porting strap 479 of conducting metal. - The conductor
462 is fastened by a connector 481 to the conducting disk
478, and is therefore electrically connected to the conduct-
ing and supporting strap 479. Adjacent the remote end of
the shell 474, the strap 479 is centrally connected to a lo-
cating disk 482 scated within-the confines of a cup insu-
lator 483 located within the sleeve 474 and held against
axial displacement by removable, radial fastening
screws 484, .

Between its ends, the supportmg strap 479 is offset from
its central position and- serves as a mounting for a cur-
rent-receiving plate 486, secured by fastenings 487 and
extending around the interior periphery of the sleeve 474
to underlie a restricted aperture 488, of elongated configu-
ration and substantial width, cut in the shell 474. In one
rotated position of the supporting stem 461 the single ap-
erture 488 is disposed on the upstream side of the shell in
a position to receive a selected part of an oncoming ion
beam. The aperture permits the ions to enter the shell
and to contact the plate 486 electrically connected by the
strap 479 to the conductor 462 so that a current reading
can be had with the device in the stated position.

Furthermore, minute, restricted portions of the beam
may be so investigated or scanned, since I provide on the
exterior of the shell 474 a pair of arcuate masking plates
489 and 491, respectively, located on opposite sides of the
opening 488 and p1erced by transverse, elongated slots 492
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and 493, respectively. Through the slots pass fastening
screws 494 engaging the sleeve 474. By loosening the
screws 494 and slidably rotating the curved plates 489

- and 491 to overlie selected portions of the opening 488,
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the polar width of such opening may be restricted as des-
sired. Upon tightening the screws 494, there is provided
a fixed, restricted opening for beam scanning in any de-
gree of fineness.

There are provided pockets for receiving quantities of
material when the stem 461 is rotated through 180° in or-
der to move the opening 488 out of the ion stream, and
to position in such stream a pair of receiving apertures
496 and 497, respectively, cut through the wall of the
sheli 474. The aperture 496 overlies, in the direction of
entry of an incoming ion of a predetermined mass, a pock-
et 498 generally comprising a cup-like, metallic member
of generally rectangular configuration, closed on all but
one side facing the aperture 496, and preferably closely
abutting a conducting plate 499 next to the conducting
strap 479.

Similarly, there is provided a second pocket 501 of me-
tallic construction and of comparable generally rectangu-
lar configuration, closed on all sides except one facing the
opening 497 in the direct path of incoming ions having a
différent predetermined nuclear mass. The conducting
pocket 501 is mechanically mounted by an electric in-
sulating structure including an insulating plate 502 inter-
posed between the pockets 498 and 501 and by a pair of
insulating bars 503 and a second pair of insulating bars
504, situated respectively between the plates 502 and 459
and an outer conducting plate 5086.

The assembly is held in position by suitable fastenings
587, insulated from the electric portions of the structure
and mechanically engaging the strap 479 after passing
through the intervening parts. The pocket 501 is electri-
cally intimately connected to the conducting plate 506,
in its turn included in an electric circuit by connection to
the electric conductor 463, a fastening 509 serving to ef-
fectuate the union.

This multi-pocket structure provides a collector having
a plurality of electrically conducting, although electri-
cally separate, ion-receiving pockets included in separate

~ electric circuits so that current electrons are available
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for the neutralization of entering ions, but of such a rela-
tively narrow width and relatively great depth that enter-
ing ions are in effect trapped, and are prevented from
leaving the collector mechanism. This structure, con-
sequently, is not only a collector in the sense that ions
are received, but is in addition a retainer, in the sense
that the ions are held or restrained from leaving.

This entire mechanism, after operation for the desired
protracted period, is readily removed from the chamber
119, and the contents of the pockets 498 and 501 are
removed by suitable means, usually by chemical methods,
either separately, if their contents are to be kept separate,
or together in the event the materials are to be mixed. .

"In initiating the operation of the structure, for example
with polyisotopic uranium tetrachloride, a quantity
thereof is placed in the cavity 302 partially to fill the
cavity. The source block is suitably and firmly. posi-
tioned by manipulation of the various adjustments pro-
vided, the entire tank 118 is closed to the atmosphere,
and the mechanical pump 136 is placed in operation.
This has the effect of withdrawing the atmosphere from
the chamber 119 until the pressure therein has been re-
duced to a low value. Subsequently, the diffusion pump
134 is also. placed in operation and is effective to reduce
the pressure within the chamber 119 to a still lower value.
The evacuation. continues until the pressure within the
chamber 119, as indicated by the usual type of pressure-
indicating mechanism for subatmospheric. pressures, is in
the neighborhood of 10~¢ to 10~ mm. Hg.

-When the designated pressure is being or has- been
attained, the electrical circuit to the heating coil 307 is
completed through the conductors 312 and 314 so that
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heat liberated by the helix 368 is transferred to the mate-
rial of the bleck 299. This correspondingly increases
the temperature of the walls of the cavity 302 consider-
ably above normal room temperature and to a tempera-
ture in the neighborhood of 450° C. At this tempera-
ture and at the pressure existing within the chamber, the
charge of polyisotopic uranium tetrachloride sublimes,
changing its state from the solid, pulverulent or crystal-
line form into a vapor or gas by the process of sublima-
tion. The vapor pressure of the material is higher than
the pressure maintained within the tank, so that the
vapor flows from the cavity 302 through the slot 325
toward the interior of the chamber 119.

In the meantime, the electrical circuit to the coil wind-
ings 114 and 116 is completed so that the energized coils
induce a magnetic field between the pole pieces 189 and
111, thereby producing a uniform magnetic flux through
the chamber 119. Also, the electrical circuit to the fila-
ment 328 is completed so that electricity flows through
the conductors 337 and 338, heating the filament 328
to incandescence and -electron emissivity. The filament
328 is, therefore, effective to emit electrons.

A circuit is likewise externally established between the
filament 328 and the source block 299. The establish-
ment of this circuit imposes a potential difference between
the filament 328 and the source block 2%9, so that the
source block in effect is an anode, and electrons emitted
from the filament are impelled to travel through the
aperture 327 and through the arc chamber 346 to the

anode 347. The potential drop across the filament 328 ¢

is conveniently made approximately three volts and the
potential drop between the filament 328 and the anode
347 is of the order of 100 volts. There is no potential
difference between the anode 347 and the remainder of
the source block 299. 'The potential difference between
the surrounding tank 1i8 and either the source block
299 or the anode 347 is of the order of six kilovolts.
The tank is at ground potential and the source, being
at a higher potential, is referred to as a “hot” source.

The electron stream emitted from the filament, and
coursing downwardly through the arc chamber to the
anode under the influence of the voltage difference there-
between, intersects the vapor of the compounded uranium
polyisotope streaming through the slot 326 and through
the arc chamber 346. Some of the neutral polyisotopic
molecules are ionized, principally by collision, and various
ions are produced.

These ions are withdrawn from the vicinity of the arc
by the operation of the accelerator plates 357 and 359,
these being suitably spaced apart by operation of the
of crank 381. These are maintained at the potential of
the tank wall 118 so that the ions of a positive sign within
the arc chamber are subject to' an accelerating potential
of the order of six kilovolts. This imparts substantially
equivalent energies to all of the¢ ions. Those of com-
parable mass and of the same charge travel from the arc
block between the accelerator plates through the accel-
erator slot 363 in a path that is curved to the right, as
seen in Figure 3, for example.

The aggregate of the particles streaming in semicir-
cular paths from the source defines a readily visible
beam or beams of a moderately luminous natire and
of a bluish color. The beam or beams are transparent,
of approximately uniform density, and are normally well-
defined at the margin or edges. Occasionally, horizontal
striations are visible, extending throughout the entire
length of the beam or beams, and appear to be con-
stituted of beam portions of scmewhat different densities
than the adjacent beam portions. Sometimes these cor-
respond to random deposits of material upon and destroy-
ing the regularity of the margins of the arc chamber
346.

The term “beam™ is rather loosely utilized to refer
not only to the individual beam made up largely of
U238 particles, for example, but also to refer to the entire
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stream of particles journeying from the source and com-
prised not only of U23%# and U23 singly ionized positive
particles, but also including gaseous molecules in the
vicinity, electrons contained within the beam, negative
ions formed within or found within the beam, and other
unidentified or miscellaneous particles, and traces or evi-
dences thereof, that occupy the general region of the
arcuate paths emanating from the source. Furthermore,
the term “beam,” often used to refer primarily to the
visible, luminous stream of particles, is also applied to
effects not directly visible to the unaided eve and some-
times discernible only through -electric detection or by
other means.

The generally recognized beam is comprised largely
of U8 and U5 particles. It is of a generally electri-
cally neutral character because of space charge neutrali-
zation, so that its discrete geometrical form is main-
tained. The beam travels in an approximate semicircle
from the accelerator mechanism and passes between the
defining plates 387 and 388 effective to intercept fring-
ing portions of the beam that it is desired to restrain
from further travel. The plates 387 and 388 are appro-
priately set by manipulation of the rods 397 and 407
and are intended primarily to intercept ancillary or stray
beam parts and are not principally intended to confine
the majn beam unduly, nor are they usually intended
to produce a defined beam unless such is received from
the accelerator mechanism. That is to say, during im-
perfect  or improper- operation the regularly defined,
sharply delimited main beam emanating from the. arc
chamber occasionally “blows up,” losing all of its sharply
defined regular surfaces and filling the entire tank 119
throughout or substantially throughout with a bluish
glow.  Under these circumstances, the defining - plates
387 and 388 are not expected to function to produce

a discrete beam.

Also, under some conditions of operation, apparently
usually due to an improper pressure within the tank,
or due to incomplete space charge neutralization, the
beam becomes “hashy.” This térm, also somwhat loose,
is utilized to define a condition wherein the beam is not
of a sharply defined nature, wherein the ion-transporting
effectiveness of the beam is drastically reduced, and
wherein various high-frequency local oscillations of an
electrical nature have been observed in portions of the
beam. Under these conditions, the defining plates are
not expected to produce a sharply bounded stream of ion
particles,

Under normal conditions, however, the beam leaving
the accelerator and leaving the defining plates is of a
discrete, well-determined width radially, being of a diver-
gent nature for the first quarter-turn when considered
horizontally. It is substantially of a uniform vertical
dimension, it being unnecessary to provide defining plates
extending ‘horizontally across the top of the beam and
horizontally below the bottom of the beam, since little
or no vertical divergence is ordinarily experienced.

Depending largely upon the angular divergence but,
as an example, in the region of or beyond the 90° or
quarter-turn point, the important components of the
beam are more readily discernible as two separate beams,
extending approximately for another quarter-turn. One
of these, the outermost one, or the one of greater radius,
as to uranium content is comprised almost entirely of

5 U238 jons, while the innermost beam, of shorter radius,

contains very little U238 but is comprised almost entirely
of U2 jons. Since these latter are the ones particu-
larly desired, the collector or receiver, for exarmple, of
the kind particularly shown in Figure 18, is arranged
so that the aperture 497 is in the path of the oncoming
U235 jons. With this type of receiver, the aperture 496
is then in line for receipt of U8 jons. In adjusting
the receiver to this precise position it can initially be
located so that but a portion of either one of the beams
is received through the aperture 496, and can then be
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rotated through a half-turn to receive all of the oncoming
particles of that kind.

The initial setting of the receiver can also be effectu-
ated by moving the beam or beams slightly by varying
the source: block to accelerator potential difference, so
that the radii of curvature of both the U235 beam and
the U228 beam are varied. It usually is preferable to
leave the voltage at a selected value and to manipu-
late the receiver itself into an appropriate position, this
normally being well-enough established by visual obser-
vation, since the U238 component of the entering beam,
in ‘the event the receiver is not properly positioned,
impinges upon one side or the other of the aperture
boundary and produces a luminous portion.

It is not necessary, either, to make sure that both
beams are exactly located with respect to the receiving
apertures, since the beams arrive at a fixed distance
from each other in proportion to their radii of curva-
ture and in proportion to the difference in mass of the
principal ions of which they are constituted. Conse-
quently, if the apertures such as 496 and 497 are appro-
priately posmoned or spaced in the original manufac-
ture of the receiver, for the especial receipt of cerfain
known isotopes, it is thereafter necessary merely to posi-
tion one of the beams appropriately, whereupon the
other beam necessarily falls properly into position.

The receiver is maintained at or very close to the po-
tential of the tank wall 121, although the conductors 462
and 463 are usually connected to meters so that the mag-
nitude of the currents resulting from the receipt of the
singly ionized positive ions can be read. These currents
are -occasioned by the arrival of ions within the pockets
498 and 501, wherein the ions neutralize and are retained.
It is the usual experience with a receiver of the type re-
ferred to that the ions received and affording a current
indication are likewise retained, so that the current read-
ings are a reasonably reliable indication of the receipt and
retention of material particles.

Upon continued operation, as described, until the charge
within the cavity 302 is substantially or entirely exhausted,
an increasing, discrete amount of U235 neutral particles is
built up in one of the receiver pockets, together with an
increasing amount of U238 neutral particles in the other
receiver pocket. - During the entire operation the vacuum
is' maintained at approximately the value given and the
electrical conditions are maintained substantially without
change, although some experience has indicated that the
current flow and the resulting temperature of the coil 307
should be increased toward the end of a run in order to
maintain the desired rate or efflux of uranium particles.
Also, some experience has indicated that adjustment is oc-
casionally necessary, both in the temperature of the coil
and in the vacuum, if a “hashy” beam develops.

Except for these circumstances, however; the conditions
are maintained substantially constant until the charge is
exhausted. At that time, the operation of the evacuating
mechanism 133 is discontinued, all of the electrical cir-
cuits are interrupted, and atmospheric air is permitted ac-
cess to the interior of the tank 119. Thereafter, the re-
ceiver is removed and the deposits within the pockets 498
and 501 are appropriately removed, usually by chemical
means. The source block is also removed, is cleaned, in-
spected, repaired if necessary, and is recharged for a sub-
sequent operation. The filament is at the same time in-
spected and replaced if necessary. The source parts are
returned to the tank and by appropriate manipulation of
the various adjustments the source is accurately reposi-
tioned in its former location. The receiver, after being
cleaned, is restored to the tank and is reconnected elec-
trically for further operation.

- At the conclusion of a number of runs, and after the
source and receiver have been removed, the entire interior
of the tank can be cleaned to- remove random and mis-
cellaneous deposits of material traveling through some
of the paths differing from the desired particles. In every
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instance the. parts are restored to their original positions
and are readied for further operation by manipulation of
the sundry adjustments provided, the final adjustments
being effectuated at the beginning of or during the con-
tinuance of a subsequent collection run.

In this fashion, the mechanism has been repeatedly op-
erated to produce discrete separation of U235 material
from the polyisotopic uranium tetrachloride originally in-
troduced, and at a single run has produced a quantity of
U235 of the order of a hundred or so of micrograms.

Since the mechanism just described operated very sat-
isfactorily to produce relatively large quantities of a sep-
arated isofope, I then desired to increase the capacity of
the apparatus in order to separate even larger amounts
of material. = The previously described source unit oper-
ated at a positive potential with respect to the grounded
tank and, correspondingly, with respect to the. collector.
To enlarge the output, I increased most of the electric
values, and as I increased the voltage differential between
the positive or so-called “hot” source and the tank I began
to encounter trouble with the insulator 208.  This and
other related phenomena led me to believe that a prefer-
able arrangement for additional power might be .to ‘op-
erate the source at substantially the same potential as the
grounded tank and to make the accelerator and collector at
a potential negative thereto.

In the construction of a device of the present nature,
one of the components is some means of establishing the
potential or voltage drop between the ion source region
and the accelerating mechanism for removing the ions
electrically from the source. It is possible either to have
the source of ions at an elevated potential with respect to
the accelerator, maintained at ground potential or substan-
tially so, or, conversely, to have the ion source itself at or
substantially at ground potential and to maintain the ac-
celerating mechanism below ground potential by the re-
quisite amount. “The first of these arrangements, namely,
with the ion source at a potential positive with respect to
ground, is a so-called “hot” source, whereas the arrange-
ment with the source at approximately ground potential
and the accelerator at a negative potential with respect
thereto is a - so-called grounded or “cold” source.

In effect, I considered that for higher powers it might
be an advantage to have the potential drop between the
source and the collector of a negative character or below
ground potential, rather than positive or above ground
potential, with the thought that the life of insulators would
be improved and that substantially greater potential drops
could be accommodated, thereby vielding larger amounts
of separated material and a long, trouble-free life of the
entire apparatus. The cold source I considered also to
have an advantage, in that the volumes or spaces around
the ion source are more readily disposed and arranged
to avoid unfavorable proximity of positive surfaces and
negative surfaces with respect to the direction of the mag-
netic field, and thus the generation of oscﬂlatmg electrons
is reduced and the deleterious effects thereof are -min-
imized. -

It is desirable that all of the charged partlcles leaving
the accelerator pass through a region at the same po-
tential throughout. It is normally not feasible, for safety
and mechanical reasons, to maintain the enclosing tank
at other than ground potential. Therefore, with the so-
called cold source I have provided a liner or insert, dis-
posed within the main tank and having as its primary
function the maintenance of an electrically negative,
substantially uniform potential with respect to the ground-
ed tank. The liner is not relied upon to resist pressure
differences and, in fact, is designed to offer as liitle
hindrance as possible to pressure adjustments within the
tank, while maintaining the desired electrical charac-
teristics.

In a fashion similar to the gemeral or dlagrammatxc
showing of the positive potential or hot source previously
disposed especially in Figures 1 and 2, there is illustrated
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in Figures 20 and 21 a schematic arrangement of coop-
érating parts intended to illustrate in. general outline
a typical mechanism and its function in accordance with
the grounded or cold source arrangement. In. this sche-
matic structure there is provided an enclosing vacuum
tank or chamber 516 having a top plate 517 and a
bottom plate 518 arranged between pole pieces 519 and
521 establishing a magnetic field with a flux direction
as indicated by the arrow 522. The plates 517 and 518
are joined by a side plate 523 and removable face plates
524 and 526, respectively carrying a source unit 527 and
a collector unit 528.

The source unit. 527 is suitably supported by spacers
529 on the face plate and includes a biock 531, prefer-
ably of metal, contoured to afford an interior charge
cavity 532. A mass of charge material 533 is provided
within the charge cavity. Customarily this material, as
in the preceding general case, is considered to be uraninm
tetrachloride in powder or granular form but alter-
natively ¢an be a different uranium compound, such as
uranitim hexachloride, can be any other polyisotope or
material, and can as well be in a gaseous or liquid state
as in a‘solid state.

Since often it is necessary to supply heat to the mate-
rial ‘533 in order to afford a working gas, and since
the supply of heat is preferably of a readily regulated
nature, there is installed in the block 531 an electric
heating coil 534 having leads 536 and 537, respectively,
extending to a multicell battery 538 or other. suitable
source of regulable electric supply. When the coil 534
is operated the material 533 is controllably vaporized and
flows from the chamber 532 through an orifice 53¢ into
an ar¢ chamber 541 formed in the block 531.

Disposed immediately above the block and arranged
just above the arc chamber 541 is an electron emitter in
the form of a filament 542, such as a tungsten wire
mounted in a cathode frame 543. This frame is se-
cured on the face plate 524 and serves to conduct a
pair of leads 544 and 546 from the filament 542 to a
battery 547 or other suitable source of controlled elec-
trical energy, so that the filament 542 is electrically
heated under careful control to emit a stream of elec-
trons. -

This electron stream is directed through the arc cham-
ber 541 to an anode plate 548 located on the block 531
at the bottom of the arc chamber. The anode is con-
nected by a lead 549 to a battery 551, or other suitable
source of electricity, at a potential positive with respect
to the operating potential of the filament 542. With this
arrangement the stream of electrons from the filament
542 crosses through the arc chamber to the anode 548
in a generally vertical direction, largely as guided by
the magnetic field flux, and cuts across the path of
molecules issuing through the orifice 539 because of the
pressure difference between the interior of the cham-
ber 532 and the pressure existing within the interior of
the tank 516.

The flow through the orifice 539 and into the arc
chamber. is, at least in part, a diffusion process, but the
precise character of the flow is inconsequential, the im-
portant factor being that particles of the polyisotope or
other vaporized material are in a position tc be bombarded
by the electron stream from the filament 542. Because
of such bombardment, the particles are given or are
deprived of one or more outer elecirons and are thereby
ionized.

To withdraw. ions from the source 527, there is sit-
uated within the tank 516 an accelerator 532, prefer-
ably comprised of a pair of electrically conducting plates
553 and 554, respectively, connected by a common lead
556 to a battery 557 or electrical source so that the
voltage maintained upon the accelerator 552, or so that
the potential difference between the accelerator 552 and

the arc block 531 is of the order of several kilovolts .

negative with respect to the source. The accelerator 552,
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being  symmetrically disposed in froni of the opening
558 in the arc chamber, is effective upon the positive
ions formed therein to withdraw them and impart motion
to them directly, in accordance with the acceleration due
to the potential difference. Thus, the singly ionized posi-
tive particles of U2 are made to follow certain arcuate
paths within the magnetic field. The divergence of the
ions withdrawn is maintained within selected limits and
is, preferably, defined by the extreme paths 559 and 561
symmetrical with respect to a central or median path 562.
Somewhat comparably, positive ions. of U238 are ac-
celerated and are, by the magnetic field, compelled to
move in arcuate paths, the predetermined extremes being
illustrated by the aircs 563 and 564, respectively, in turn
symmetrical with regard to a median path 566.

Since the potential of thé accelerating mechanism is
negative with regard to the potential of the source or of
the tank 516 and since the ions following the various
paths, for example the path 562 and the path 566, must
travel through the tank 516 subject to such negative po-
tential, the extreme paths are encompassed by an arcuate
liner 567 extending from a region close to the source
unit 527 to a region close to the collector 528. 'This
liner, because ‘of its shape called a “C” liner, is a metallic
or other electrically conducting envelope connected by
a lead 568 to the collector 528, itself joined by a conduc-
tor 569 to the conductor 556, so that the collector and the
C liner 567 are established at the same electric potential
as the accelerating mechanism 552. The liner 567 is not
intended to maintain any pressure difference within the
tank 518 and, in fact, is provided with a number of aper-
tures 571 so that the interior of the liner is in free com-
municaticn mechanically with the interior of the tank
516, although the apertures 571 are so arranged and are
only of such extent that the electric field adjacent the
paths of the ions is not seriously distorted or disturbed.
As a matter of fact, the liner 567 can entirely or in part
be fabricated of a screen-like material, the principal re-
quirement being that the mesh or distance between the
crossbars be such as to afford the desired electrical con-
ditions and be sufficiently open so that the pumping-out
speed of the liner is within reasonable limits.

The singly and positively charged uranium  isotopes,
particularly U23% and U238, traveling in the described
paths from the source to the receiver 528 substantially
entirely at the negative electric potential maintained by
the liner 567, are geometrically focused at approximate-
1y the 180° point and are received in individual pockets
572 and 573, respectively. They then constitute separate
or segregated masses of the individual isotopes original-
ly - constituting the polyisotope.

- The vacuum mechanism for the tank 516 is virtually
the same as previously considered and is connected
through a conduit or manifold 574 and a control valve
576 to a diffusion pump 577, preferably through an
intervening liquid air trap 578. The diffusion pump in
turn is backed by a mechanical vacuum pump 579 con-
nected through a Dry Ice trap 581 so that the effect of the
backing and diffusion pumps 579 and 577 and the traps
581 and 578 is continuously to remove molecules from
the interior of the tank 516 and to maintain the pressure
within the tank at the desired level despite leakage and
the continuous efflux of gas from the charge chamber 532.

To determine whether or not the apparent advantages
of the cold source according tc the previous theoretical
summary were real ones and were actuaily advantageous,
I removed the previously described “hot” source structure
and replaced it with structure substantially as illustrated
in Figures 22 and 23. Many parts of this mechanism are
closely related to or are identical with corresponding
parts in the structure already described, and hence the
illustration of these parts is in some instances not re-
peated in detail or is omitted entirely where it is ad-
equately clear from the previous illustration and descrip:
tion. Generali reference is made to the foregoing descrip-
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tion ‘and drawings for illustrations and explanations of
parts not particularized in connection with Figures 22
and 23.

The grounded source or so-called “cold” sotirce form
of the invention, as distinguished from the previously de-
scribed positive potential or “hot” source form, is em-
bodied by providing a metallic tank, generally designated
626, of an arcuate form symmetrically disposed with re-
spect to a pole face 627 of the magnet so as to be sub-
jected to a uniform or homogeneous magnetic flux. The
tank is preferably fabricated of a plurality of end sections
628 and 629, a center section 631, and intermediate sec-
tions 632 and 633 of copper tubular pipe, mitered and
joined to provide an approximately semi-toroidal con-
tainer.

.One end of the tank, particularly the section 628, is
equipped with a fastening flange 634, Secured to the
flange 634 by a ring of bolts, not shown, is a comparable
flange 636 disposed at one end of a tubular section 637.
This section at opposite end is comparably provided with
a flange 638 appropriately secured to a face plate 639 ef-
fectuating a closure of this part of the tank. A manifold
tube 640 intersecting the section 637 affords a large area
connection to a vacuum system, not shown, but preferably
comprising a. large-size diffusion pump. backed by a
mechanical pump, in order that the pressure within the
tank 626 can be reduced to and maintained at a value
of approximately 10—5 mm. Hg.

The plate 639 serves as a mounting for a supporting
electrical insulator 641. Since in this form of the device,
the source is at ground or tank potential, or nearly so,
the insulator 641 serves in this instance merely as a me-
chanical support and could be replaced by any other suit-
able support, although the disclosed form of construction
is employed for convenience. A metallic sleeve 642 is
placed within the insulator to intercept sputtered mate-
rial. The insulator 641 supports a stem 643 mounting a
source unit 644. The source unit is disposed within one
end of the tank 626 and preferably within the confines of
the section 637. The stem 643 and the source unit 644
are electrically interconnected at the same. electric po-
tential as the tank 626 itself, or at a slight difference in
potential.

Within the source unit 644 there is provided a chamber
646 for the reception of a mixed material, such as a poly-
isotope, to be separated, and there is likewise provided an
arc chamber 647. An arc is maintained in the arc cham-
ber by an electrode device, not shown, but in all respects
comparable in structure and operation to the filamentary
electrode structure previously described. -The general ef-
fect of the arc chamber 647 and of the material chamber
646 is to afford a copious supply of ionized polyisotopic
constituents. These leave the source through an aper-
ture or slot 648 affording egress from-the arc chamber 647.

In order to induce the ionized particles to leave the arc
chamber of the source, I provide an accelerator mecha-
nism 651 inside the tank 626 and spaced a relatively short
distance from the source within the section 637. This
accelerator mechanism comprises a pair of metallic plates
652 and 633, respectively, spaced apart laterally or trans-
versely to afford an opening 654 therebetween for the
passage of ions withdrawn from the source opening 648.
The accelerator 651 is maintained at a potential difference
from the grounded or “cold” source 644. This potential
difference is arranged so that the accelerator is negative
with respect to the positive ions.

' Since the entire tank 626 in this embodiment of the
invention is maintained at zero or ground potential, and
since the accelerator 651 is maintained at a potential nega-
tive thereto, I preferably incorporate the accelerator 651
with a tank liner 656. This liner is a hollow, metallic
membeér of arcuate contour arranged and disposed sub-
stantially centrally within the toroidal tank 626. Pref-
erably, the liner is fabricated of arcuate side plates 657
and- 658, respectively, conveniently fabricated of copper,
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and is completed by top and bottom plates 659 of similar
material.

The semiannular volume encompassed by the liner 656
is not physically isolated from the interior of the tank 626
but, on the contrary, it is intended that such volume be
in relatively free communication with the interior of the
tank, to assist in pumping out the chamber and to main-
tain the pressure conditions substantially the same through-
out the apparatus, and to preclude prolonged outgassing
of remote portions of the structure. For this reason, the
arcuate walls 657 and 658 are at appropriate intervals
interrupted by cut-out openings or windows 661, for ex-
ample. To preclude an interruption of the electric condi-
tions by the removal of too large a portion of the side
wall, the windows 661 are preferably in part covered by
a plurality of metallic bars 662, such as wires, so that ade-
quate space is left for pumping out, yet no material dis-
turbance of the electric conditions is caused.

The liner 656, being at the same potential electrically
as the accelerator 651, is necessarily maintained in physi-
cal position within the grounded tank 626 by some means
electrically isolated from the tank 626. For that reason,
the portion of the liner 656 adjacent the source 644 is
connected to a supporting arm 663 disposed at one end

5 of a supporting stem 664 joined at its remote end to an

insulator 666. -This is fastened, in a manner comparable
to that- previously described, to a supporting disk 667
removably bolted to a flange 668 united to a tube 669
intersecting and secured to the tank section 628. In this
fashion, mechanical support of one end of the tank liner
656 is afforded, yet the liner is maintained electrically
separate from the enclosing tank 626.

With this portion of the apparatus, as so far described,
ions leaving the source under the influence of the poten-
tial drop of the accelerator 651 have substantially aug-
mented energy and enter the interior of the liner 656 to
travel therethrough in arcuate paths. Because of the ef-
fect of the magnetic field the positive, single ion paths
are approximately circular arcs, differing slightly in loca-
tion and slightly in radius, in accordance with the respec-
tive nuclear mass of the individual isotopes or materials
of the polyisotopic or mixed charge. Many of the ions
within the liner travel without substantial energy change
throughout an approximate half-circle.

The latter part of the ion travel takes place within the
terminal portion of the liner 656 extending through the
tank sections 629 and 633, respectively. The liner 656
is in this portion supported on a collector unit, generally
designated 671, joined thereto by a metallic plate 672. A
central opening 673 in the plate permits the passage of the
separated ions into the appropriate ones of a plurality of
collector pockets 674 and 676, respectively, mounted on
a stem 677 supported in a tube 678 extending through
and mechanically mounted on an electric insulator 679.
The. insulator is connected by -a vacuum maintaining and
supporting clamp 681 to a face plate 6382 removably se-
cured to a flange 683 joined to the section §29 of the tank
626.

This arrangement, although electrically isolating the
liner 656 and the collector 671 from the tank 626, is
nevertheless effective as the mechanical support of the
end of the liner and of the collector on the adjacent
portion of the tank. By this means, the general potential
of the collector 671 and of the liner 656 is maintained
negative with respect to the potential of the source end
of the tank 626, although the collector pockets 674 and
676 are preferably electrically insulated so that the cur-
rents developed in them by the received and neutralized
ions can be separately read.

The operation of the collector 671, its general orienta-
tion with respect to the opening 673, the pattern made
upon the collector by the beams, and the general oper-
ation of this portion of the structure can be observed
by inspection through a view window 684 clamped in
vacuum-tight relation by a flange and ring structure 686
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disposed in an cxtension tube 687 merging with and
secured to the tank section 633, substantially in line not
only with the collector 671 but also with one of the
windows €61. Similarly, an inspection window 688 is
mounted in an extension 689 on the section 632, so
that a view of the source 644 can be had through the
aligned liner window 661.

The cold source mechanism is conditioned to operate
by charging the charge chamber 646 with a suitable

supply of mixed material; for example, uranium poly- !

isotope. The face plate 639 is tightened in position
and all of the openings are appropriately closed. The
vacuum mechanism is activated to reduce the pressure
within the tank 626 to approximately 10~¢ mm. Hg.
vressure. Upon attainment of a pressure approximately
of this amount, the electrical circuits are enargized so
that while the source 644 and the tank 626 remain at
ground potential, the accelerator 651, the liner 63§ and
the collector 671 are all negative with respect to the

source at a voltage in the neighborhood of several kilo- &

volts below ground potential.

Upon the attainment of these conditions, the charge
in the source unit 644 is heated, as previcusly described,
and jons are appropriately formed. These pass from
the source unit through the opening 654 between the
accelerator plates: 652 and 633, travel in curved paths
within the arcuate C liner 656, and finally pass through
the opening 673 into the appropriate one of the pair
of pockets 674 and 676 in the collector 671. The field
through which the ions pass in'their arcuate paths is
well maintained by the C liner 656, so that the operation
of the structure is for the most part at a negative po-
tential. - Furthermore, the C liner, although eminently
effective to establish and maintain the desired electrical
conditions, does not hinder the establishment and mainte-
nance of the desired pressure conditions, in that the
windows 661 facilitate continued pumping.

At the conclusion of a run, that is, whena the initial
charge of material in the source unit 644 has been ex-
hausted, the electrical circuits are interrupted, the vacuum
pumps likewise are interrupted, atmospheric air is ad-
mitted to the tank 626, the face plate 639 is removed
to withdraw the source unit 644 for cleaning, pdssible
repair and recharging, and the face plate 682 is re-
moved. . The collector 671 is detached and, preferably,
is chemically washed or otherwise treated to recover
the segregated and separated materials deposited therein.

With the cold or grounded source made and operated
as described, that is, with the arrangement of the col-
lector at a potential negative as related to the source
and as related to the enclosing tank, and with the use
of a tank liner so that the accelerator and collector po-
tential is maintained in the vicinity of and surrounding
the arcuate beam. or beams passing from the source to
the collector, T found that substantially increased quanti-
ties of material could be processed without difficulties
ascribable to the effects of oscillation of electrons within
the main tank, especially in the source region.

Furthermore, it was found that the liner 6356 serves
as a mechanical barrier to the further progress of sundry
ion beams emanating from the source and of materials
other than those which it was desired to collect in the
pockets 674 and 676. Such ions contacting the liner
become neutralized and deposit thereon. They are thus
kept from the vacuum pumping apparatus and so assist
in maintaining the desired vacuum conditions within the
main tank without overloading the pumping arrange-
ments.

Upon the conclusion of a run and the demounting of
the face plate 682 and its associated collector unit 671
and upon the removal of the support 663 from connec-
tion with the liner 656, the liner can be rotated from
its position within the tank 626 into an exterior posi-
tion for complete removal. The liner itself can then
be washed and restored to original condition for subse-
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quent reinstallation in the tank 626 and for  further
use. .

This mechanism has proved it possible very substan-
tially to increase the quantity of material treated and
separated without experiencing substantial difficulties due
1o electric- insulation failures and without other diffi-
culties due to the presence of large amounts of electron
oscijlation,

The yield of separated or enriched polyisotopic con-
stituent was sufficiently great with the “cold” -source
mechanism just previously described that a larger struc-
ture of the same type appeared feasible. Further, the
difficulties anticipated with a source unit maintained
at a high positive potential with respect to the enclos-
ing tank were well avoided by the structure just de-
scribed. I therefore determined to. construct a much
larger cold source mechanism, with the hope that the
yield of separated material would be very substantially
increased, .

A greatly enlarged mechanism would necessarily en-
tail -the provision or utilization of an extremely large
magnetic field. By a fortuitous circumstance there was
available to me the magnetic structure of the 184-inch
or so-called “giant” cyclotron. This is described in “The
new frontiers in the atom” from the Smithsonian Report
for 1941, pages 163 to 173, Publication 3654; U. §.
Government Printing Office, Washington, 1942,

The giant cyclotron magnet structure is representa-
tively and somewhat diagrammatically shown in Figure
24. In broad outline, this incorporates an upper pole
piece 761 having a generally horizontal, planar, circular
pole face 702, parallel to and spaced from a lower pole
face 703 constituted by the terminus of a lower pole piece
704. The lower pole face 703 is substantially the same
in area and in configuration as the upper pole face 702,
both of the pole faces being almost exactly 184 inches in
diameter and being disposed about-72 inches apart. Mag-
netic flux between the pole faces is maintained by appro-
priately energized eleciric coil windings 766 and 767
girdling the poles and arranged within an encempassing
magnetic frame 708.

The effect of the operation of the magnet is to afford
between the pole pieces a substantially homogeneous or
regular, non-varying magnetic field. The field direction,

> that is, the flux direction of the field, is perpendicularly

from the lower pole 704 tcward the upper poie 761, as
represented by the arrow 709 in Figure 25. While the
field is somewhat distorted adjacent the marginal edges
of the pole pieces, there remains a relatively extensive

) encompassed region of substantially non-varving, ap-

proximately uniform magnetic field.

Situated between the pole faces 782 and 723 aud lo-
cated almost entirely within the homogeneous magnetic
field, is a mixed material or polyisotope separating mech-
anism. In brief summary, this mechanism includes a
hollow, C-shaped-tank 711, within which a vacuum can
be maintained. One end of the tank is closed by a remov-
able face plate 712 serving as a mount for a source mech-
anism, generally designated 713, effective to receive thé
materials to be separated and to dispatch them through
the tank 7iIl. A cathode structure 734 is mounted on
the face plate just above the other source mechanism.

Next to the source there is disposed a transition sec-
tion 716 comprised of an open-ended enclosure, prefer-
ably fabricated of a suitable electrical and thermal con-
ducting material, such as copper, and preférably formed
so as to be arcuate in plan and approximately rectangu-
lar in cross section. The transition section 716 is sup-
ported near an accelerator mechanism 717, mounted upon
but insulated from the face plate 712. The transition sec-
tion fits readily within one end of an arcuate liner 713,
termed from its shape in plan a “C” liner. This is pref-
erably constructed of suitable thermal and electrical con-
ducting metal, such as copper. The C liner is held in
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position by radial supporting arms 719 and 721, con-
nected to but insulated from the tank 711.

Adjacent the far end of the liner 718 and mounted
thereon, there is disposed a metal housing 722, of circular
cross section. This encloses a receiver unit, generally
designated 723, mounted on but insulated from a face
plate 724 removably secured to the other end of the tank
711. The receiver or collector is effective to retain sep-
arated material passed through the tank.

Electrical conditions are maintained with the source
unit 713 at approximately the same voltage as the tank
711. The accelerator 717, the liner 718 and the receiver
723 are all maintained at the same or approximately the
same negative potential, several kilovolts below the po-
tential of the tank 711." When these electrical values are
maintained and when suitable valies of subatmospheric
tank pressure and magnetic field intensity are afforded,
this structure is effective to separate gross quantities of
previously mixed materials or polyisotopes.

While the foregoing brief outline serves as a general
identification of the mechanism, a more detailed dis-
closure follows, to help in understanding its precise con-
struction and mode of operation. Reverting then to the
arrangement of the tank 711, it is preferred to mount it
removably in position between the pole pieces 781 and
704 by some such means as adjustable wocden wedges
726. The tank itself is preferably fabricated of magnetic
material, usually a metal such.as iron, and-includes a
top plate 727 and a bottom plate 728.

These plates are substantially identical and are rela-
tively thick, not only for reasons of mechanical strength
and to resist the inward force of the atmosphere due to
the relatively low interior pressure, but also to produce
an ironing-out or smoothing of any minor discrepancies
in the regularity of the magnetic flux.
plates is approximately semiannular in plan, being
bounded by a pair of concentric, circular arcs, the inner
one extending for an angle of approximately 245°, while
the outer one extends for approximately 180° and then
merges with tangential portions. Thus the terminals of
the tank are flared or are of greater transverse or radial
width than the central portion thereof. The top and
bottom plates 727 and 728 are held in position and the
enclosure of the tank is partially accomplished by an
interior metallic side wall 729 and an exterior metallic
side wall 731. Neither of these is made much: thicker
than is considered necessary to resist the inward pressure,
and is preferably welded or otherwise fastened in air-
tight fashion to the top and bottom plates to afford a
chamber approximately hemitoroidal, yet of rectangular
cross section in any polar plane.

The walls of the tank merge with a flange 732 adjacent
one terminal of the tank and with a flange 733 adjacent
the other terminal of the tank. These flanges are se-
cured by any suitable means, such as welding, to the re-
maining portions of the tank in order to afford a vacuum-
tight connection therewith. They are each provided with
a plurality of fastening studs 734 for the guidance and
positioning of the source face plate 712, overlying the
flange 732, and the receiver face plate 724, overlying the
flange 733. These plates are held in position by nuts 736
or other releasable fastenings, so that the fact plates 712
and 724 may be readily removed from or readily re-
stored to position in vacuum-tight relationship with the
tank,

The tank walls 729 and 731 are pierced by apertures
737 affording communication with extensions 738 of simi-
lar nature but different shapes. FEach extension is pro-
vided with a flanged terminal 739 for the reception of a
blanking-off plate 741 or an observation window 742,
held in place by a ring 743 and fastenings 744. For each
aperture there can be supplied an alternatively usable set
of a blanking-off plate and a window. The interior of
the tank can be observed from several vantage poinfs
and in several directions, or in the alternative, if observa-
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tion is unnecessary, the provisions for windows ¢an be
sealed for vacuum tightness by use of the blanking-off
plates. The extensions 738 are preferably symmetrically
arranged on the inner and outer side walls of the tank for
the observation of structure disposed adjacent or events
occurring in their general vicinity. In this fashion, the
events transpiring at various localities throughout the
tank can readily be observed visually, or by the use of
light-responsive or radiation-responsive instruments.

With the face plates 712 and 724, and the plates 741 or
windows 742 in position, the tank 711 is a vacuum—tlght
vessel or constitutes an air-tight chamber and, in accord-
ance with my invention, I provide means for reducing
the pressure within the tank to any desired value within
relatively wide limits. Preferably, the vacuum main-
tained within the tank 711 is of the order of 10—4 mm. Hg,
but may range to a pressure as high or higher than 10-3
mm. Hg, or as low or lower than 10— mm. Hg.. Upon
occasion I have even operated at pressures considerably
lower than 10—5 mm. Hg with apparently consistent
success and, while I may ultimately decide that these
lower pressures are more favorable, still, at the present
time I believe that a pressure in the neighborhood of
10—% mm, Hg is most satisfactory, under present operatmg
conditions. )

In order to maintain vacua of the orders of magmtude
mentioned, the tank 711 is provided with a vacuum con-
nection or manifold 746 in the outer side wall 731 and
disposed adjacent the source face plate 712, The mani-
fold is preferably a metal tube, connected by welding
to form part of the tank 71i. The manifold 746 is
contoured to provide a flange formation 747 for junction
with a vacuum pumping system 748, of the nature shown
diagrammatically in Figure 24, and including a diffusion
pump 74% and an associated mechanical backing pump
759. The effect of the pumps and appurtenances is to
afford a steady, regulated, subatmospheric pressure with-
in the tank 711,

Pursuant to my invention, I dispose within the tank
711 a source unit (Figures 28-33, for instance), generally
designated 751, located adjacent the face plate 712 and
conveniently mounted thereon for installation and re-
moval as a body with the positioning and withdrawal of
the face plate itself,. By this means a single tank 711
serves. readily over a protracted period, yet numerous
different source units can be installed, operated and
removed, and various different types of source unit can
be operated in the same tank.

It is desired that the source unit include a structure for
furnishing ions -of the materials or polyisotope to be
separated, and that this structure be disposed rather
exactly in a particular location and position; that is to
say, in a predetermined orientation with regard to the.
remaining parts of the-device.. Consequently, 1 arrange
matters so that substantially universal motion of a portion
of the source mechanism is readily obtainable. For the
foregoing reasons, at an appropriate point near the trans-
verse center and adjacent the upper edge of the face plate
712, T provide a mcunting bushing 752, anchered in the
face plate 712 and projecting inwardly therefrom, that is,
into the chamber 711, to afford a mounting bearing 753
located at a sufficient distance from the interior face of
ihe plate 712 to leave room for an annular thrust flange
754 formed on the bushing 752.

Maintained in appropriate axial and radial position by
the bearings 753 and 754 is a pendant plate 756, con-
strained against all motion except a limited rotation or
arcuate oscillation about the center of the bushing 752.
This - center is coincident with an axis 757 extending
horizontally; that is, perpendicularly to the surface of the
vertical face plate 712, The restraint upon the pendant
plate 756 and the regulation of its arcuate motion is
effectuated by a train of mechanism (Figure 33) includ-
ing a block 758, removably fastened to the pendant plate
756 and provided' with a circular, cylindrical bore 759
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perpendicular to the axis 757. Within this bore there is
slidably disposed a pin 761 extending from the lower end
of the bore and formed with an enlargement 762 there-
upon. -Piercing the enlargement 762 is a longitudinal,
circuiar, cylindrical bore 763. The bore axis is parallel
to the axis 757 and receives an operating pin 764 rotatable
within the enlargement 762.

The pin 764 is transversely pierced and threaded to
engage an operating screw 766, having its axis of rotation
extending in a plane perpendicular to the axis 757 and be-
ing journaled in bearings 767 and 768, respectively,
upstanding from a bracket 762 connected to the face
plate 712 by fasteners 771. Axial motion of the screw
766 is restrained by the bearings 767 and 768 due to
abutment therewith by a thrust collar 772 connected by
a pin 773 to one end of the screw shaft 768, and by the
boss- 774 of a worm wheel 776 secured {o the screw
shaft 766 by a pin 777. With this mechanism, the
screw shaft 766 is freely rotatable, but is restrained against
any. axial translation.

To rotate the screw shaft 766 in either direction, as
desired, the worm wheel 776 is enmeshed with a worm
778 (Figure 29) disposed with its rotational axis paral-
lel to the axis 757 and provided with an integral boss
779 fastened by a through-pin 781 to an operating shaft
782. Within the tank the operating shaft 782 is jour-
naled in bearings 783 and 784 laterally outstanding from
the bracket 769 and, therefore, is held for appropriate
rotation with respect to the face plate 712 and against
transiation with respect thereto, since the length of the
worm 778 and of its integral boss 779 is just sufficient
to afford axial running clearance between the bearings
783 and 784.

It is necessary for the shaft 782 to extend from within

the vacuum chamber 711 to the external atmosphere for 3

convenient operation. This entails the provision of some
means for maintaining the vacuum-tight integrity of the
tank, yet for permitting the mechanical passage of a
rotating operating shaft. For that reason, I provide
through the plate 712 an aperture 786. Within this
aperture is seated a plug 787 enlarged to be received also
in a counterbore 788 in the plate 712. The plug 787
is adjustably and removably held in place by any suit-
able means, such as studs and nuts, not shown. When
the plug is forced home it compresses a sealing. gasket
789 to provide a leakproof conmnection. The interior
of the plug 787 is bored out to provide a chamber 72J.
Within the bored chamber is disposed one or more flex-
ible, resilient, generally conical washers 791, conveniently
fabricated of rubber or the like, and held in position
by a closure ring 792.

The influence of the atmospheric pressure teuding to
leak along the shaft 782 is to force the packing washers
791 against the shaft and to preclude the further pas-
sage of leakage air.
of the conical washer 791 against the shaft 782 is not
sufficient to impose any substantial frictional load. Con-
sequently, the mechanism is effective to preclude all but
inconsequential leakage, -yet it permits ready rotation
of the operating shaft.

The plug 787 is extended to provide a mounting flange
793. To the flange is fastened a counter 794 (Figure
33) of any standard type capable of indicating or reg-
istering the number of times it has been actuated. In
the present instance, the rotations of the shaft 782 are
indicated by means of a radially projecting finger 796
extending from a boss 797 fastened to the shaft 782
by a pin 798, the boss also being extended and non-
circularly contoured to form a rotating knob 799.

Upon rotation of the shaft by manipulation of the .

knob 799, the radial finger 796 once each revolution
actuates a star wheel 800 disposed in the path of rota-
tion of the finger 796 and forming a part of the counter
794. With this mechanism each rotation of the shaft
782 is registered, so that the total angular motion of the
shaft due to twisting of the knob 799 is readily readable.

At the same time, the pressure ;
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The rotation of the shaft 782 is imparted to the worm
778. This in turn rotates the worm wheel 776 and the
screw shaft 766.  The effect of rotation of the shaft
766 is to produce a bodily translation of the pin 764 and
with it an accompanying motion of the enlargement 762.

At its lower end the enlargement follows a generally
rectilinear path, but because of the constraint upon the
pin 761 imposed by the block 758 on the pendant plate
756, the pin 761 not only swings about the axis 757
as a center, but likewise translates axially to a small
extent with regard to the pendant plate 756. Thus, the
translational movement of the pin.764 due to rotation
of the knob 799 is effective to swing the pendant plate
756 about the axis 757 as a center. By carefully ob-
serving the reading of the counter 794 and by care-
fully manipulating the knob 799, the plate 756 can be
given any angular. position about the. axis 757 as a
center that the operator desires.

Furthermore, because of the several high-ratio worm

and screw translation mechanisms, a very accurate po-

sitioning of the pendant plate 756 can readily be ob-
tained without. undue care by the operator. In addi-
tion, the provision of the several worm and screw mech-
anisms makes it possible very readily for the operator
to change the position of the pendant plate 756, but
since the screw threads and worms are of the nonoverhaul-
ing type, distributing forces that might otherwise tend to
dislodge the plate 756 from its selected angular posi-
tion are adequately resisted. In this way, an easily and
accurately set or adjusted position of the plate is readily
maintained despite the imposition of sundry dislodging
forces.

The motion or swinging movement of the plate 756
about the axis 757 is imparted to a pair of support arms
891 and 802, respectively, Both arms are fastened to
the sides of the pendant plate 756 by removable screws
803 and extend away from the face plate 712 to ter-
minate well within the tank 711.. Journalled in the ex-
tremities of the arms 801 and 802 is a pair of trunnion
screws 804 and 896, respectively, facing each other on
a common transverse axis 807 contained in a plane per-
pendicular to the axis 757. The screws 804 and 836
are not only rotatable within the arms 801 and 862,
to provide support bearings 809 and 811, respectively, but
also project toward each other to be threaded into a
source block mechanism, generally designated 812. Re-
cause of the support by the pendant plate 756 and by
the mounting pins 809 and 811, the source block is not
only orientable about the axis 757, but is likewise freely
swingable about the axis 807.

The source block mechanism 812 (Figures 28—33)
includes a vertically extending, transverse, metal plate
813, moving or swinging about the axis 847 of the pivot
screws 804 and 886, and carrying the remainder of the
scurce block with it in its moticn about such axis. - This
to and fro rocking motion of the source block is effectu-.
ated by a mechanism secured to the swinging plate 813
at the lowermost end thereof and symmetrically disposed
on the center line. To a boss 814 at the bottom portion
of the plate 813 there is fastened a horizontally extend-
ing, somewhat flexible, metal rod 816, held in position
by soider or other suitable fastening means so that it
moves fiexibly in unison with the plate.

The rod 81§ at its opposite end is provided with
threads 817 and a jam nut 818 adjustably securing the
rod in position in a threaded recess 819 formed in the
end of a nonrctatable shaft 822. The shaft is restrained
against rotation by a radial arm 823 fastened to the shaft
by a through-pin 824. The arm 823 at its outermost
end is formed with a slot 826 making a freely sliding
connection with a stud 827 extending from a cover plate
828. This plate serves as a closure for a gear box hav-
ing a base 829, secured to and projecting inwardly from
the face plate 712, With this arrangement, and since
the arm $23 is freely slidable along the stud 827; the
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shaft 822 is similarly axially -slidable but is prevented
irom turning.

The described motion of the shaft 822, that is to say,
nonrotational translation, is provided by a threaded exten-
sion 831 on the shaft in engagement with a threaded
ferrule 832 journaled not only in the cover plate 8§28,
but likewise in the base 829 of the gear box. The ferrule
832 is enlarged adjacent the cover plate 828 by an inte-
grally formed boss 833 abuiting the cover plate to pre-
clude axial motion of the ferrule in that direction.

To provide a suitable gear reduction, the boss 833
and the ferrule 832 serve as locators and mounts for a
large gear 834 spaced from the gear box base by a washer
836, The gear 834 turns with the ferrule 832 and
meshes with a pinion gear 837 on a common hub 838
freely rotatable on a stub shaft 839 fastened between
the gear box base 829 and the cover plate 828. A gear
wheel 849 is formed integrally with the pinion gear 8§37
and the common hub 838. Meshing with the gear 840

is a pinion 841 on a shaft 8§42, not only journaled in the ¢

cover 828 and base 829 of the gear box, but also passing
through the face plate 712 to the exterior of the vacuum
chamber 711. A manipulating knob 843 is provided
on the end of the shaft 842,

A vacuum seal 844, of the type previously described
in connection with the shaft 782, permits rotation of the
shaft 842 without substantial air leakage from the atmos-
phere to the interior of the tank 711. The seal structure
is provided with a flange 846 serving as a mounting for
a counter mechanism, not shown, but similar to the rota-
tion counter previously described.

With the described mechanism, rotation by hand of
the knob 843 rotates the shaft 842 and turns the pinion
841. This produces a lesser rotation of the hub 838,
due to the intermeshing of the small pinion with the
larger gear 849, and correspondingly rotates the ‘pinion
gear 837. The small pinion 837 meshing with the larger
gear 834 rotates the gear 834 at a lesser rate and simul-
taneously revolves the ferrule 832. The screw threaded
engagement between the rotatable ferrule 832 and the
translatable extension 831 causes the desired axial motion

.of the ferrule and, correspondingly, of the rod 816.

The nonoverhauling character of the screw threaded

engagement prevents any return motion of the gearing,

despite the imposition of considerable stress, and, to- 4

gether with the gear reduction, facilitates the ready man-
ual adjustment of the mechanism, in effect providing a
one-way drive locked against reverse dislodgment. Mo-
tion of the rod 816 in an approximately rectilinear path

oscillates or rocks the plate 813 about the axis 807. :

There: is a slight bending of the rod 816 to compensate
for the difference between the rectilinear translaticn of
the rod near the face plate and the arcuate swinging of
the end of the rod secured to the plate 813. This is not
a disadvantage, inasmuch -as the angular sweep of the
plate 813 is relatively restricted.

Included in the source block mechanism adjacent to
and moving in unison with the plate 813 is a similar plate
851, This is appropriately secured to the plate 813 by
fastening devices 852, and in turn supports a furnace
block, generally designated 853.  Preferably, the furnace
block is comprised of a pair of generally similar plates
854 -and 856, respectively. These ‘plates are fastened
together face to face by through bolts 857 and are, on
their meeting faces, contoured or cut cut to afford an
intervening chamber 858 extending entirely through the
furnace block 853. The chamber is closed at the bottom
by a plate 859 held in position by fastening screws 861
engaging the blocks 854 and 856, respectively. The
chamber is additionally closed at the top by a closure
plate 862 removably fastened in position by securing
means 863. .

Situated within the chamber 858, and readily positioned
therein upon temporary. removal of -the plate 862, is a
charge container 864, of any suitable construction. The
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charge container 'is sometimes in the form of abottle,
of glass or quartz, and is sometimes in the form of a
receptacle of metal, such as stainless steel, for example.
It is employed to contain a charge of the mixed mate-
rials or polyisotope to be separated, and is conveniently
provided with but a single aperture 866. This is normally
closed, prior to use, by a stopper or comparable closure
(not shown), readily breakable or remowvable immedi-
ately prior to the use or positioning of the container 864
in the chamber 858. Upon the introduction of the
charge and its container into the charge block 853, the
closure plate 8§62 is remounted by securing the fastenings
§63. In this fashion there is provided an enclosed charge
in good thermal contact with the walls of the furnace
block 853.

Good thermal contact is considered to be of impor-
tance, since for most source materials the temperature
thereof is carefully regulated in order to control the ve-
locity or quantity of efflux of molecules from the charge
container 864. For this reason, each of the plates 854
and 856 is provided with a throughbore 867, serving as
the location of a heater, generally designated 868. While
any suitable form of regulable thermal device can be
employed, it seems convenient in the present instance
to employ a regulated electric heater. This is conven-
iently fabricated of one or more axially aligned ceramic
cores 869, at intervals provided with collars 870 for locat-
ing the cores within the bore 867.

The core structure is particularly provided with an
enlarged collar 871 at the top, nesting within an annular
seating groove 872 formed in the upper portion of the
bore 867, so that the core is appropriately positioned and
retained by relatively -close frictional engagement.
Wound upon the core is a helix 873 formed of an electric
conductor, at its lower end curled around a metallic stud
874 depending from the center of the insulating core 869.
The curled conductor is fastened in place by a pair of
jam nuts 876. The helix 873 at its upper end passes
through the insulating collar 871 and is secured around
a separate, metallic stem 877 by a pair of jam nuts 878.

EBach of the furnace plates 854 and 836 is thus pro-
vided with an identical heater, These heaters are con-
nected in an electric circuit by suitable leads (not shown,
but comparable to those in Figure 1) connected to the
stud 874 and to the stem 877, preferably in series with
appropriate regulating mechanism. The desired supply
of electric current to the helices 873 is appropriately con-
trolled to afford a regulated supply of heat to the metallic
furnace plates 854 and 856. These being correspondingly
heated, therefore supply the container 864 and its contents
with a controlled flow of heat, to result in a controlled
temperature condition of the charge within the container
and a controlled molecular efflux therefrom.

Temperature conditions' in ‘the charge block 853 are

5 also preferably controlled by a fluid circulating system,

governable either to supply heat, not usually ifs function,
or to withdraw heat, usually its function. Some charge
materials, for example, uranium tetrachloride, require a
relatively high temperature for vaporization and require
a substantial heat supply to maintain the high tempera-
ture. - The electric elements are well adapted to this, as
they are able quickly to supply large quantities of heat.
Although they have no property of extracting heat if the
temperature should get too high; this is not important
with uranium tetrachloride, as the heat requirements are
so great that reduction or cessation of the supply is. quickly
followed by a drop in temperature.

With a material such as uranium hexachloride, vapori-
zation takes place at a relatively low temperature and
the heat requirements are less. A fluid heating system
has an advantage in that it is capable of absorbing or
withdrawing heat, should the chamber temperature rise
too high. A fiuid system is somewhat more stable as-to
temperature, under many operating conditions, although

? it is more difficult to make it quickly responsive to regu-
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latory changes. A fluid system has another advantage
in that cold fluid can be circulated through it to bring
parts at elevated temperature quickly to room or handling
temperature, for example at the conclusion of a run.

In the current instance, both electric and fluid heat
exchange systems are provided, to be used separately or
together, as appears appropriate. That is to say, the
electric elements 873 are normally relied upon as a heat
supply, although the fluid system can be supplied with a
hot fluid, such as oil; for a similar purpose, but in general
operation the fluid supplied is relatively cold, so that the
fluid system is used as a cooling device.

The fluid system includes a supply tube 881, entering
the tank 711 through a vacuum-tight connection in the
face plate 712.  The tube is formed into a loop 882 to
afford flexibility between the portion of the tube anchored
in the face plate and the extended portion of the tube
designed to move freely with all of the motions of the
furnace block 853. At the far side of the loop 882, the
tube extends into a passageway 883 formed in a channel
block 884 removably secured to but in good thermal con-
tact with the side of the furnace plate 854, so that there
is a ready interflow of heat between the plate 854 and
the tube 881 and its fluid content. Return flow from the
closed end tube 881 is through an interior tube 885.

A similar heat-exchanging fluid supply tube 886 having
an internal return tube 887 passes downwardly through
a channe] 888 formed in a channel block 88% removably
secured in good heat-conducting relationship to the side
of the plate 851 so that heat flow between the plate 851
and the tube 886 and its conients is facilitated, Leav-
ing the bottom portion of the channel 888, the tube 886
passes toward the face plate 712, but first is contoured
into a loop 898 to permit the flexibility of the tube to be
utilized so that motion of the furnace block 833 with
respect to the face plate 712 is freely permitted without
. disturbing ‘the fluid flow. The tube 826 passes from the
loop 899 through a vacuum-tight connection in the face
plate' 712 to the exterior and is joined to the regulated
fluid supply.

By appropriate operation of the thermal controlling
means for the furnace block 353 the requisite supply of
heat is given to the charge within the container £44, so
that-the charge is maintained at a temperature of the de-
sired value or within a relatively limited range of values.
Consequently, the molecules of the charge are sublimed
or vaporized and so tend to flow from the container 864
with thermal energies. From the container there is but
a single outlet; namely, the aperture 886. The vapor
pressure is higher than the pressure within the tank 711
outside the container 884. Consequently, flow takes
place from the container through the aperture 866.

The vapor or gas so flowing travels through a regis-
tering aperture 891. Half of the aperture is cut in each
of the furnace plates 854 and $56. It is enlarged near
the surface of the plates to provide a recessed, annular
seat 892 for one end of a junction ring 893 seated in the
furnace plates 854 and 836 by a clamped engagement
therewith. The ring 893 serves to bridge a gap 894 be-
tween the furnace block 853 and the plate 851. The ring
is tightly engaged in the plate 851 by virtue of a suitable
annular seat 896 formed therein. The gap between the
blocks is suitably maintained by a plurality of washers
897, each surrounding one of the fastensrs 898 holding
the blocks 831 and 853 together.

The passage through the ring 893 is continued by a
registering aperture 839 in the plate 851 so that the aper-
ture 866 in the charge container 864, the aperture 891
in the plates 854 and 856, the passage through the ring
893 and the aperture 889, all registering, form a pas-
sageway, generally designated 981, affording access from
the interior of the container 864 to a distribution or
plenum chamber 982. The distribution chamber 202 is
comstituted by an elongated groove depressed or cut into
the metal of the plate 851, the chamber 962 being of
substantially the same contour as the plate 851 but of
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lesser extent, to leave a top wall 903, a redr wall 904
and a bottom wall 906 of approximately equal thickness,
and also to leave side walls 987 and 908 of considerably
greater thickness.

Since the vapor flowing through the passageway 901
into the chamber 902 will condense if unduly cooled, in
accordance with my invention I control carefully the tem-
perature of the thermally conducting plate §51. In ad-
dition to the heat exchanger tube 886, I preferably pro-
vide a through cavity 909 in the wall $§7 for the re-
ception of an inserted ceramic core 911, in all respects
comparable to the core 869. The core 911 is also simi-
larly mounted in its cavity 969 by an insulating top col-
lar 912. A heating wire 913 extends through the top
collar to an anchoring stem 914 having jam nuts 516
threaded thereon to afford a point of connection for a
supply and return electric circuit for the heater thus pro-
vided. This electric heater, alone or in conjunction with
the fluid tube §86 in the block 889 fastened to the wall
908, affords means for maintaining the supply of heat at
the desired value or within a relatively small range.. Con-
sequently, the temperature existing within the chamber
902 is readily established and maintained at a level pre-
cluding vapor condensation.

Vapor which emerges from the passage 991 into the
chamber 862 fills the chamber with substantial uniformity
because there is little or no flow restriction. The purpose
of the distribution chamber largely is to permit equal-
ization in density of the flowing vapor emerging from
the container 864. By this means there is provided a
relatively uniform, vertically disposed column of the
mixed material or polyisotope vapor having a substan-
tially predetermined or regulated range of thermal en-
ergies.

The evenly distributed, relatively - uniform supply of
vapor in the chamber 902 is permitted to flow therefrom
through a plurality of staggered, circular aperiures 917
formed in the plate 813. These pierce the block through
a central, thin wall 918 serving as a septum between the
chamber 992 and an arc chamber 921.  The arc cham-
ber is in part formed by a channel! cut into the plate 813
throughout its entire length to leave the rear wail 918,
a side portion 922 and a similar side portion 223.  The
former side portion is in good thermal contact with the
plate’ 851 adjacent the heater 911, and the latter side
portion is in good thermal contact with the plate 851 and
the channel block 689 adjacent the tube 88s.

The apertures 317 permit steady flow into the arc
chamber 921 from the distributing chamber 962 and in
order to maintain the uniform flow and consistent den-
sity of the vapor there is positioned in the arc chamber,
or at least in that portion of it within the plate 813, an
arcuate shield or baffle 926, preferably fabricated of
quartz or comparable material and suitably supported to
occupy substantially the entire width of the chamber 921
between the walls of the side portions 922 and 923, vet
being somewhat less in depth than the chamber to afford
free lateral communication therein. At selected inter-
vals throughout its length and width, the bafflc 926 is
provided with generally circular apertures 927 permit-
ting the flow of fluid or gas from behind the baffle into
the central portion of the arc chamber 921.

In accordance with my invention, I provide means for
rendering the gas molecules in the source mechanism re-
sponsive to electric and magnetic .control. This is done
preferably by ionizing such molecules. Any suitable mech-
anism may be employed for the purpose, but a convenient
method and means is to provide an electric arc in the
space containing the molecules.

The term “arc” is used with broad signification herein.
The phenomenon referred to occurs in a vacuum, in a
magnetic field and between a heated filament and an anode
at different voltage and spaced from the filament in a di-
rection parallel to the field. An electric current flows
and a rather clearly defined, readily visible, luminous
pencil extends between the filament and the anode. Probe
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explorations show an accompanying plasma. The pres-
ence of a magnetic field in the arc region gives rise to
somewhat divergent views as to electron behavior there.
1t was at one time considered that electrons did not move
with components directed across the magnetic flux direc-
tion, and that consequently an electron stream between
the filament and the anode was magnetically confined. It
follows that ion production by electrons could then occur
only in the electron stream. This does not seem to be
entirely true. It has been more recently considered that
electrons do move with components directed across the
magnetic flux in paths having circular or cycloidal plane
projections. This accounts for ion production outside of
a -geometrically  delimited electron stream. In the pres-
ent device, material separation would be most sharply
defined if all the jons originated at a single point or upon
a single line parallel to the magnetic field. Only a vanish-
ing number do so. For a large quantity of material to be
ionized demands as big an electron stream as possible, to
the detriment of geometrical considerations, - In practice,
the electron stream is, near the filament, caused to have
a predetermined cross section. This established shape, or
a close approxmatxon of it, appears visually to extend
to the anode. There is thus a general geometric control
available. Yet, the visual appearance does not neces-
sarily correspond to precise electron stream boundaries,
and in fact, boundaries, in the sense of sharp discontinui-
ties, do not seem to exist. ~Rather, there is a gradual
falling off in electron density away from a central point
or line. The increasing electron sparseness away irom
the center, is not necessarily uniform. Rather, there seems
to be a central core of fairly governable extent and of per-
haps reasonably uniform electron density. Around this
there seems to be a rapid reduction in electron density
down to values so small they can be neglected. Ion pro-
duction, it is thought, may take a similar pattern. Thus,
while most of the ion production is in a fairly regulable
area that can be made to approximate a point as. closely
or as remotely as seems feasible, ion production outside
this area undoubtedly occurs. Hence, the reference here-
in to an arc is without limitation but is generally to phe-
nomena occurring in the vicinity of the inter-electrode
region.

The arc is preferably arranged so that, for the most

part, it is of columnar form and so that the luminous por-
tion ‘is a substantially vertical pencil having an axis par-
allel to the direction of magnetic flux, as indicated by the
arrow in Figure 1. As an appropriate means of estab-
lishing the electric arc, I provide as one electrode a fila-
ment 931, conveniently constructed of any suitable ma-
terial having the. property of discharging electrons. A
convenient material for this purpose is one able to with-
stand substantial temperatures, such as tantalum or tung-
sten.
. The filament is preferably U-shaped in plan and is
either circular or rectangular in transverse cross section,
in the usual embodiments. In the event the filament is
formed of a previously drawn wire, its cross section is
usually circular and the filament is made by bending the
wire into the desired contour, If the preferred cross
section is rectangular, it is convenient to fabricate the fila-
ment by cutting it from a larger plate of the requisite ma-
terial. The consideration which is most important is to
have a filament capable of giving an intense, although
uniform, electron emission at relatively high temperatures
for long periods. It is likewise of considerable importance
that the filament be mechanically strong, so-that its shape
and position, once established, will be maintained during
protracted operational periods.

The filament 931 is preferably mounted in clamps 932
-and 933, respectively (Figure 37, for instance), each com-
prising a base portion 934 contoured to receive one-half
“in cross section of the leg 936 of the filament 931.. Each
base portion is likewise cut away to receive a retaining
‘plate 937, clamped against the filament by a plurality of
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tension screws 939 passing through the member 934 and
threadedly engaging the plate 937, so that the filament
is firmly clamped in position yet, upon manipulation of
the screws 939, can be readily removed and replaced by
a substitute filament.

Since the filament runs at a relatively high tempera-
ture, I preferably provide means for supplying the clamps
932 and 933 with a supply of cooling fluid, and simultane-
ously, in accordance with my invention, utilize such cool-
ing fluid supplying means as conductors of electricity in-
cluded in the circuit incorporating the filament. In this
way, the filament is readily supplied with a regulated quan-
tity of electric current so that its temperature can be. con-
trolled by the current supply and can also be controlled
by regulating the supply of cooling fluid.

In addition, I construct the combined coohng supply
means and the electric current supply means in such a
fashion that they also constitute the mechanical support
for the filament. To that end, each of the clamping blocks
932 and 933 is provided with an elongated, integral, cir-
cular cylindrical boss 941, fitted within and soldered or
otherwise tightly secured to the exposed end of one. of
a pair of external conducting tubes 942 and 943, respec-
tively. These tubes are conveniently fabricated of copper
or comparable material effective as a thermal and elec-
trical conductor,

The tubes are supported and protected or housed in
a casing 944, constituting a salient part of an element
normally or usually termed a cathode and generally
designated 946. The casing 944.is preferably tubular
in form, usually fabricated of a metal tube or other
relatively rigid shape, normally. arranged. with the axis
of symmetry of the casing coincident with the axis 757.
Conveniently, the tube or casing 944 is a circular cylin-
der, and at its end inside the tank 711 is provided with
a metallic ring 947, fitting within the end of the casing
944 and positioned therein against both axial translation
and rotation by a pair of fastening devices 948 and 949
(Figure 31).

The later of these device is constituted simply by a pin
engaging the ring 947 and slidable in a slot 951 cut
axially in the end of the casing 944. The former of
these devices is a screw passing not only through the
casing 944 and the ring 947, but also extending into
and threadedly engaging the upper one of a pair of in-
sulating blocks 952 and 953, respectively. On . their
adjacent surfaces, these blocks are contoured to form
hemicylindrical seats for the tubes 942 and 943, the
tubes- being anchored against longitudinal or axial dis-
placement in one direction "with respect to the block
952 by outer collars 954 around each of the tubes ad-
jacent the end of the casing 944. Displacement of the
tubes in the opposite direction is opposed by inner collars
956 comparably positioned around the tubes inwardly
of the end of the casing 944, and being provided with
conical terminals 957 engaging the insulating blocks 952
and 953 to serve additionally as centering devices.

With the construction of the end of the cathode as
described, the filament-supporting tubes 942 and 943
are firmly anchored within the end of the casing 944.
Upon removal of the screw 948, the tubes can be thrust
forward to bring the supporting blocks 952 and 953
outside of the casing 944, where they can be lifted from
the tubes. Upon removal of the blocks, the tubes 942
and 943 can be withdrawn rearwardly. Furthermore,
when the tubes 942 and 943 are replaced the coopera-
tion of the insulating blocks and fastening devices 948
and 949 repositions and centralizes the structure ac-
curately.

The tubes 942 and 943, after passing through the in-
sulating blocks 952 and 953, extend symmetrically with-
in the casing 944 until they arrive adjacent the opposite
end of such casing, whereat they diverge slightly and
then regain their parallelism to pass through the related
one of a pair of packing devices generally designated
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961 and 962, respectively. These packing devices are
substantially identical, so that the description of one ap-
plies equally to the other. Each of them is partly formed
in a block 963 of metal or other material, conveniently
provided with a circular recess 964, serving as a seat
for the end of the casing 944. The block and the casing
are fastened together, preferably by hard solder or other
suitable fastening means.

- ‘Within the block 963 around each of the tubes 942
and 943 there is formed a circular, cylindrical passage
966, containing sealing or packing material 967 and a
packing spacer 968, all adapted to be held in confined
position within the bore 966 .around the adjacent one
of the tubes 942 or 943 by a flanged sleeve 969, over-
lying the tube and located within a bore 971, being one
of a pair of such bores. Bach of these constifutes an
extension of the respective one of the bores 966 and
pierces a block 972 recessed into and secured, as by
hard soldering or other suitable means, to the block 963.
The sleeve 969 is held in position by an encompassing
packing nut 973.

The outer end of the nut is noncircular to receive a
manipulating wrench, while the inner portion is pro-
vided .with threads 974 engaging comparable threads
within the block 972, so that upon rotation of the por-
tion 973 the sleeve 969, the packings 967 and the spacer
968 are all firmly held in vacuum-tight relationship.
Thus, there is slight possibility of air-leakage from the
exterior to the interior of the tank along the tubes 942
and 943. 'But if some leakage should occur, it does not
extend to the tank 711, for the pierced spacer 968 affords
communication with a pump-out connection 975 (Figure
39). . In addition, all of the packing material in im-
mediate contact with the tubes, such as the packings 967,
the spacer 268 and the slesve 968, is of an electric in-
sulating material, so that each of the tubes 942 and 943
is electrically isolated fiom the other tube and from
the casing 944, as well.

After each of the tubes 942 and 943 emerges from
the packing sleeve 969, it enters into 2 connection block
generally designated 976 (Figure 40), comprised of two
substantially identical blocks 977 and 978, preferably
fabricated of metal. These are good electrical conduc-
tors, but are electrically insulated from each other by an
intervening -isolating plate 979 of insulating material.
The blocks are held in the ‘desired relationship by a pair
of through bolts 981, each being surrounded by insulat-
ing sleeve washers 982. Each bolt is provided with a
securing nut 983, for maintaining pressure against in-

sulating washers 984, so that the electrical separation of °

the blocks 977 and 978 is maintained although they are,
in effect, a mechanical unit.

Since the connections of both of the tubes 242 and 243
to their respective blocks 977 and 978 are substantially
identical, a description of one applies equally to the other.
Surrounding the tube 943 (Figures 34 and 40), for ex-
ample, is a thrust T 985 having a circular, cylindrical,
central extension 986 fitting slidably within a bore 287
in the block 978, and having a transversely elongated
T-head 988, adiacent its extremities pierced to afford
a pair of passageways for a pair of securing studs 989
and 9990, each of which has a threadediy engaged fasten-
ing nut 991 cooperating therewith, so that concurrent
rotation of the nuts 991 forces the tubular extension 986
into the bore 987, or upen removal of the nuts 991 the
extension 986 can be withdrawn from the bore 987.

When the extension 986 is in assembled position, it
abuts against a packing washer 992, interposed between
the extension and a pierced spacing sleeve 993, like the
packing freely slidable within the bore 987 and in its
turn abutting a packing washer 994 also contained within
the bore 987 and urged against an inturned flange 996
forming part-of the block 978. The packing washers
992 and 994 are thus both compressed by the member
986. The slecve 993 is internally and externally re-
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lieved and is pierced to provide am aperture 997 afford-
ing an intermediate passageway. Aligned apertures 998
in the wall of the tube 943 establish communication be-
tween an annular space 999 existing between the interior
of the tube 943 and the exterior of a smaller squirt tube
1060 extending throughout substantially the entire length
of .the tube 943. The end of the squirt tube adjacent
the filament 931 terminates just short of the end of the
tube 943 in the vicinity of the insulating or packing blocks
952 and 933, preferably with an angular terminus.  Com-
munication with the annular chamber $%9 through the
apertured sleeve 293 is extended through a passageway
1601 in the block 978 aligned with an entirely similar
arrangement in the block 977. Free flow can occur
through a hole 1062 in the insulating plate 979.

Since the tube 942 is provided on its interior with an
entirely similar squirt tube 1003, there is with the de-
scribed mechanism, considering all of the duplicate por-
tions thereof, communication serially from the interior
of the squirt tube 1009 through its remote end adja-
cent the ring 947 into the annular space 999 within the
tube 943, thence radialiy cutward through the perfora-
tion 998 into and through the sleeve 993. Flow is then
through the passageway.1601 and the hole 1892 into the
annular space within the tube 942, outside of the squirt
tube 1003 for substantially the entire length of such tube,
and thence adjacent the ring 947 into the interior of the
squirt tube 1003 and back into the block 977. In this
fashion, there is provided a path of circulation beginning
with the interior of one of the squirt tubes, throughout
its entire length, then back through the enclosing tube,
across to the other enclosing tube and, after traversing
its entire length, back through the other of the squirt
tubes. '

In accordance with my invention, I provide means for
supplying this communicating circuit and, specifically, for
supplying one of the squirt tubes with a cooling fluid,
such as water, and receiving the returned cooling fluid
from the other of the squirt tubes These mechanisms
are substantially identical or are approximately: dupli-
cated within the blocks 977 and 978, and a description
of one of them applies equally to the other The squirt
tnbe 1060 is soldered or otherwise tightly fastened into
an appropriately bored rod 1004, likewise pierced by a
transverse bore 1006, affording communication between
the interior of the squirt tube and the exterior of the
rod 1004,

This portion of the rod is encompassed by an internally
and externally relieved sleeve 1007 provided with radial
apertures 1008 and disposed to abut the inturned flange
996 in the block 978. The other end of the sleeve
is abutted by a packing gland 1909 encompassing the
rod 1604. A threaded extension 101% on the rod 1004
is engaged by a nut 1012, abutting against a threaded
plug 1013 screwed upon the extension 1011 and effective
to compress the giand 1009 to preciude leakage of fluid
out-of the block 978 or along the rod 1804. In this
fashion, and by appropriate operation of the nut 1612
and of the pair of nuts 991, ihe packings are all main-
tained in leak-tight condition, and furthermore, the blocks
977 and 978 are correctly positioned with respect to the
tubes 242 and 943.

The pierced sleeve 1007 is in approximate registry with
an aperture 1814 in the block 978 communicating with
a passageway 1035 in an insulating sheet 1816, inter-
posed - between the block 978 and a fitting block 1017.
The block 1017 extends transversely of the block 978 and
is held in position with the sheet 1016 in compression by
a pair of studs 1618 projecting from the block 978. Both
of these are provided with threaded terminals to receive
engaging nuts 1019, so that upon securing of the nuts a
fluid-tight passageway is provided from the block 978 to
the fitting block 1017 Secured to the fitting block by
hard solder, or comparable fastening means, is a curved
conduit 1821 in communication with the passageway
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1015, provided adjacent its free ‘extrémity with-a threaded
engaging fitting 1022, having a wrench-receiving-portion
1023 so that the fitting can bz connected to any suitable
supply conduit having a mating fitting, not shown.

Since the corresponding conduit 1024 of the block 977
is similarly provided with a connecting fitting 1026, there
is- afforded means for comnecting the circulating system
into a suitable fluid supply and controlling line. Flow
occurs in either direction, for example, through the con-
duit 1021 into the squirt tube 1000 and from the squirt
tube 1803 through the conduit 1924,

The cathode filament support mechanism is preferably
situated with respect to the tank 711 so that it is insulated
therefrom electrically, yet is mechanically supported on
the face plate 712 in such a fashion that the filament 931
is . movable inwardly and outwardly of the tank and like-
wise can be shifted laterally, that is, from side to side, and
also can be moved up and down. . These various freedoms
of motion are for the purpose of permitting an exceed-
ingly accurate positioning of the filardent, not only orig-
inally, but even afier protracted use, when the particular
portion of the filament momentarily active may change
location. :

. For these and other reasons I preferably provide in
abuiment with the face plate 712 and with its axis coin-
cident with the axis 757, a circular, cylindrical, ceramic
insulator 1931. The opposite ends of the insulator are
previded with flaring portions 1632 and 1033, respectively.
The flaring portion 1832 overlies a pair of annular pack-
ing gaskets 1034 and 1936, respectively, embedded in the
face plate 712 and normally protruding a predetermined
distance above the surface thereof. . In order to provide
a vacuum-tight closure at this location, the insulator 1631
is. preferably pressed against the insulating gaskets 1034
and 1636 with a sufficient degree of tightness so that these
rings are slightly deformed and serve as an airtight seal.

The mechanism for producing this effect includes a
conical washer 1037 overlying the enlarged portion 1032
and encompassed by a pair of half bands 1038 and 1039
of metal carefully contoured so that the washer 1037,
itself fairly yielding, will accommodate irregularitiés but
will not be injured. The bands 1038 and 1939 are to-
gether provided with a peripheral recess 1840. Into the
recess fits an inturned flange 1041 on a locking ring 1042
confining and overlying the bands 1638 and 1039. The
ring 1942 is provided with a plurality .of apertures there-
through to receive a number of studs 1043 fastened in the
face plate 712 and threaded to receive one of a number of
fastening nuts 1044, ]

When -the nuts are not in position the insulator 1031
can readily be removed from its position against the face
plate 712, but when the nuts 1644 are tightened, a satis-
factory mounting for mechanical support and good closure
for vacuum tightness are afforded. . The half bands 1038

and 1039 allow ready assembly and disassembly of the-
When the ring 1042 is withdrawn from the

structure.
studs 1043 toward the center of the insulator 1631, the
haif bands 1938 and 1039 can be extracted from the en-
compassing ring 1042, the two halves can be laterally
withdrawn, and the ring 1042 can be shifted over the en-
larged portion 1032. The nature of the conical engage-
ment between the half bands 1638 and 1639, the ring 1042
and the flaring portion 1032 of the insulator is such that
the insulator 1031 tends to be accurately disposed coin-
cident with the axis 757 so that the main portion of the
supporting and insulating structure is in alignment with
a normal or median position of ‘the cathode casing 944.

in a somewhat similar fashion, the flared enlargement
1033 at the other end of the insulator 1031 is encom-
passed by a relatively soft packing or gasket 1046, in turn
overlaid by a pair of half bands 1047 and 1048 having a
stepped portion 164%. Intc the step so formed is fitted
an inturned flange 1050 on a closure ring 1051. This
latter ring is pierced by a number of apertures to permit
the passage of studs 1052 arranged in a circle and an-
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chored in 4 plate £053.-- The ring 1051 is drawn toward
the plate 1053 and against packing rings 1068 when nuts
1054 screwed onto the studs 1052 are suitably tightened.
When the nuts 1054 are removed from the studs 1652 the
closure ring 1851 can be withdrawn from the studs 1052
and can be moved toward the center of the insulator 1$31.
In this retracted position of the closure ring 1051, the two
half bands 1647 and 1848 can be extracted from within
the ring 1G51 and each half can be separated laterally
from the insulator. Following this, the ring 1051 can be
passed over the enlarged section 1933 for complete dis-
mantling,

Means are provided in connection with the relatively
stationary insulated plate 1633 for mounting the cathode
mechanism for universal motion; that is, motion having
any combination of two components at right angles to
each other and perpendicular to the axis 757. For this
reason, on the plate 1§53 I provided a pair of projecting;
apertured ears 1855 and 1056, each being secured by any
suitable means, such as by hard soldering, to the plate
1653, and serving as a journal mounting for one of a pair
of axially aligned transverse pins 1057 and 1058, respec-
tively. :

Each of these pins, although generaily circular cylin-
drical and of uniform diameter, is reduced in size between
its ends in order to receive the adjacent one of a pair of
cooperating set screws 1059 and 1961. The set screws
hold the pins against rotation and also against axial trans-
lation in an annulus 1062 provided with radial bores
1063 and 1064 for the reception of the pins 1057 and 1058,
as well as being svitably threaded to receive the set screws
1059 and 1061. With this construction the annulus 1062
can be freely rocked about the axis of the pins 1857 and
1658 as the pins turn in the ears 1955 and 1856. The
pin axis intersects the axis 757 at right angles, thus pro-
viding- a freedom of motion aboui one transverse axis.

The annulus 1062, at points spaced $0° from the axis
of the pins 1057 and 1958, and consequently in align-
ment on.a transverse axis perpendicular also to the axis
757, is pierced by aligned threaded apertures 1066 and
1067. Into these are threaded bolts 1668 and 1069, re-
spectively, at their radially outward ends provided with
tool-receiving diametral slots 1071 and lock nuts 1672,
engaging the bolts and jamming against the annuius 1062
to secure the bolts in any desired or adjusted position.

At their inner ends the bolts are reduced in diameter
and are provided with cones 1673 designed rotatably to
engage in conical recesses 1474 and 1676, respectively,
bored into a ring 1977, normally disposed in its median
position axially coincident with the axis 757. Because of
the journal connection with the boits 1068 and 1069, the
ting 1077 is freely rockable within limits about the trans-
verseé axis of the bolts. These, in turn, being united in
motion ‘with the annulus 1862, are rockable about the
transverse axis of the pins 1057 and 1058. This struc-
ture thus comprises a giinbal mounting to accord the uni-
versal motion desired. : ’

To maintain the vacuum-tight integrity of the tank while
permitting relative motion between the ring 1077 and the
stationary plate 1053, I preferably provide, for example,
on the inner face of the ring 1677 an annular recess 1078
serving as a seat for one end of a flexible, metallic bellows
1879, secured by suitable means, such as hard soldering,
to the ring 1077. In a comparable fashion, the other end
of the bellows 1879 is hard-soldered in position within an
aniular recess 1681, formed in the outer face of the plate
1953. The exterior of the bellows 1079 is, therefore,
subject to atmospheric pressure, while the interior thereof
is susceptible to a different pressure.

The universal motion of which the ring 1977 is capable
is imparted to it by a metallic tube 1082, having relatively
thick walls so that it serves likewise as a firm and rigid
support. The tube 1682 is stiff and is fastened in the re-
cessed ring 1077 by a hard solder joint 1683, or in other
secure fashion, since it acts as the member for receiving
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adjusting motion from an adjusting or positioning mecha-
nism provided in accordance with my invention.

This - adjusting or orienting mechanism is especially
shown in Figures 34, 36, 37 and 38, and includes machin-
ery for moving the tube 1082 and its connected structures
in any selected direction having one or more components
in a plane perpendicular to the axis 757. For this pur-
pose, to the stationary plate 1053 I secure a fastening
ring 1084 by means of securing screws 1885. The ring
1684 is provided on its internal periphery with a grooved
seat 1086, Into the seat is recessed ome end of an en-
closing and supporting tube 1087, fastened to the ring
1084 by hard solder or other comparable means. The
other end of the enclosing and supporting tube 1087 is

fastened, for example, by hard sclder or other comparable

means, to a disk 1688 provided with a circular seat 1590
for firm inter-engagement between the disk and the en-
closing tube 1087. The disk is of approximately annular
form, although its outer periphery is considerably muti-
lated.

The tube 1882 is freely movable within the shell or en-
closing tube 1887, preferably in accordance with very care-
ful mechanical control. For that reason, on the outer
surface of the tube 10682 there is provided an extended

ring boss 1089, firmly secured to the tube and at its low 2;

point centrally countersunk to afford a seat 1491 for a
pin 1892 arranged approximately in a radial positicn and
fitting, with a small amount of freedom or play, within
the seat 1091. The pin 1892 at its radially outward end

is received in a counter-bored socket 1093, of consider- 3

ably larger size than the diameter of the pin, formed in a
translatable sleeve 1694, slidable within a radial bore 1896
through the disk 1088. The sleeve 1624 between its ends
is turned to afford threads 1697 engaged by internal threads
on a hubbed worm wheel 1998, confined against transla-
tion in one direction by a collar 1699 interposed between
one side of the worm wheel and the outer periphery of
the disk 1088. The worm wheel 1698 is confined on the
other side against axial translation by abutment between
the hub of the wheel and a cross plate 1101.

_ One end of the cross plate is secured by a fastening
1102 to the disk 1688, there being a sleeve 1103 encom-
passing the fastening 1182 and interposed between the
inner face of the plate 111 and a parallel face 1164 pro-
vided by an indentation 1186 cut in the periphery of the
disk 1088. The other end of the plate 1161 is widened
to receive on opposite sides of its center a plurality of
fastenings 1167 and 1108 engaging the depending forks
1109 and 1111, respectively, of a mounting block, gen-
erally designated 1112. The base of the block 1112 is
seated in an indentation 1113 cut in the periphery of the
disk 1088 and is removably secured therein by a pair of
fastening studs 1134 and locating pins 1116. The cross
plate 1191 thus is removably mounted with respect to the

disk 1088 and serves as a support for a stationary pin ;

1117 firmly mounted in the plate and extending with
its axis parallel to the axis of the sleeve 1694. A radial
arm 1118 is bored to slip over the plain outer end 1119 of
the sleeve 31694, * One end of the arm is secured by a set-
bolt 1121, while the other end of the arm 11%8 is pro-
vided with a slot 1122 encompassing and freely slidable
with respect to the pin 1117,

The effect of this mechanism is to permit axial trans-
lation of the sleeve 1694, but to preclude any rotation
thereof; thus, upon rotatien of the worm wheel 1098 the
sleeve 1094 is moved radially of the disk 1988 in a corre.
sponding amount, The threaded relationship between
the sleeve 1094 and the worm whee! 1698 is of the non-
overhauling type, so that, despite considerable dislodging

force, the position of the sleeve 1694 is maintained as -

established by the corresponding position of the worm
wheel 1098, -

The worm wheel itself is rotated by virtue of its en-
gagement with a worm 1123 fast on a shaft 1124 jour-
naled in the forks 1109 and 1111 of the block 1112. The
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worm 1123 is confined between the two forks so that the
worm is capable of rotation only and is not capable of
axial translation. The worm, being fast on the shaft
1024, rotates therewith and the shaft in turn is rotated
mannally by a thumb nut 1126 connected to the shaft
by a diametral pin 1127, Thus, upon rotation of the
thumb nut 1126 in either direction, the worm wheel 1898
is turned, the sleeve 1694 is advanced or retracted in a
radial direction and produces a similar translatory . mo-
tion of the pin 1692. Consequently, the tube 1082 and
the ring 1877 are appropriately rocked about the hori-
zontal axis of the pins 1057 and 1658. .

Since the pin 1692 merely abuts the bottom of the
socket 1093 in the sleeve 1094 and is only loosely seated
within the seat 1691 of the ring 1089, I provide means
for insuring that these parts are always in contact, so that
the rotation of the thamb nut 1126 in either direction is
always effective and without any backlash.. For this rea-
son, on the tube 1082, diametrically opposite the seat
1091, I provide a similar seat 1132. Within this seat is
socketed one end of a generally radially disposed pin
1133, passing through a channel! 1134 extending radially
through the disk 1088. ' Between its ends, the rod 1133
is encompassed by a disk 1133, soldered or otherwise
suitably secured to the rod and being provided with a
peripheral step 1136. Adapted to seat in the step 1136
is one end of a helical spring 1137, arranged coaxially
with the pin 1133 and having its other end abutting an
annular seat 1138 on the under side of a beam 1139,

The outermost end of the rod 1133 passes through
an aperture in the beam 1139 with adequate clearance,
having freely slidable relative motion, The beam 1139
spans the space between and is supported upon a pair
of tubular columns 1141 and 1142, respectively, at their
lower ends resting against a flat surface 1143 constituting
a chord of the periphery of the disk 1038, Passing
through the tubular columns 1141 and 1142 are-studs
1144, having their innermost ends anchored within the
disk 1688 and their cutermost ends passitig through dc-
commodating apertures in the beam 1139. Snitable fas-
tening devices, such as nuts 1146, engage the ends of the
studs and hold the beam in place.

The effect of the described structure is to impose a
steady force, due to the expanding characteristic of the
helical spring 1137, against the tube 1682 in a direction
tending to urge all of the moving parts in the motion
chain from the thumb nut 1126 in the same direction, so
that any clearance or backlash in the mechanism, present
originally or developing due to wear, is -taken up or
rendered ineffective to disturb the precision of adjust-
ment in either direction. In addition, the provision of
the spring 1137 has the advantage of affording a yielding
pressure on the tube 1682, so that in the event of the
imposition of an excessive strain, due to any cause, the
spring will yield and preclude the breakage of the mech-
anism.

The orienting mechanism just described is effective to
swing the tube 1882 and the contained cathode casing
944 up and down in a generally vertical direction. = In
accordance with my invention, I provide means for also
swinging the tube 1082 in a generally horizontal direc-
ticn, and arrange matters so that the tube can partake
of intermediate directions of motion, so that the opera-
tion or adjustment of one of the mechanisms will not in-
terfere substantially with the manipunlation or setting of
the other structure. .

To carry out these requirements, there is provided
a similar orienting mechanism, generally designated 1151,
which is located 90 degrees from the socket 1691 and
bears against the. boss ring 1089 at a socket 1152. Thus
by adjustment of a thumb nut 1177, similar to thumb
nut 1126, the tube 1082 and the casing 944 are moved
a desired amount in a direction transverse to the motion
imparted thereto by adjustment of the thumb nut 112,
For maintaining such adjusted position, I prefer to utilize
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an arrangement, generally designated 1189, similar to
the ' previously -described mechanism™ comprising the
helical spring 1137 and located 180 degrees about the
boss ring 1089 from the socket 1152. When the knob
1177, for example, is operated, the tube 1082 is shifted
laterally or from side to side and the pins 1092 and
1133 move through arcs because the outer end of the
pin 1092 is socketed within the sleeve 1694 in a relative-
ly ‘free fashion and the socketed connection between the
in 1092 and the seat 1089 permits of such motion.

Because of its swinging or. arcuate ‘motion, the pin
1092 tends to permit the tube 1082 to drop somewhat.
This motion is followed by the pin 1133, maintaining
a tight engagement and itself partaking of a swinging
movement compensated for. by an extension of the spring
1137. This freedom of motion of the pin 1133 is readily
accommodated within the bore 1134 and by virtue of the
loose, sliding connection between the pin 1133 and the
beam 1139.

In a comparable manner, when the pins ‘1692 and
1133 are subjected to rectilinear translation during the
operation of the adjusting thumb nut 1126, the affected
parts of the horizontal orienting mechanism 1151 and
1180 react in a similar manner to that just described.

The compensating effect described is of considerable
importance when large amplitudes of adjustment are
imposed upon the tube 1082, In that instance, large
adjustment of the mechanism controlled by knqb 1177,
for example, may require a slight correcting adjustment
by the thumb nut 1126, and vice versa. However, for
the very small amplitudes of adjustment normally en-
countered, it is usually feasible to adjust but one of the
knobs 1126 or 1177 at a time.

The effect of the adjusting knobs 1126 and 1177 is
not only to move the tube 1082 but is likewise to oper-
ate the ring 1977 and the vacuum sealing bellows 1079
to produce motion thereof of a swinging character in
any direction across the axis 757. Correspondingly,
the motion of the tube 1082 is imparted in every respect
to the contained cathode casing 944 carrying the fila-
ment 931. The casing 944 is supported within the tube
1082, generally with clearance therebetween, but there
is contact of the tube 1082 with the inner periphery of
a bore 1196 of the ring 1077, so that the inner casing
944 is supported concentrically or coaxially with the
outer tube 1682. Where the casing 944 extends through
the plates 1053 and 712, it passes through enlarged
apertures: 1197 ‘and 1198 formed therein, so that the
casing 944 can partake of a substantial swinging motion
with the axis 757 of the casing pivoting about ‘a point
at the intersection of the axes of the pins 1657 and
1058 and of the bolts 1568 and 1069. A number of
degrees of freedom of swinging motion of the cathode
casing 944 are thus provided.

In addition to' the transverse or lateral and vertical :

or. up and down swinging of the casing 944, I provide,
in accordance with my.invention, means for axially trans-
lating the cathode casing 944 into and out from the
tank 711, so that the filament 931 can: be advanced or
retracted with respect to the arc chamber 921. To
accomplish this purpose, the tube 1082 on the outboard
side of the adjusting pins 1092 and 1133 is set within
and secured to an enlarged flange 1201 having a pair
of annular grooves 1202 therein for the reception of
resilient packing rings 1203. Abutting -the flange 1201
is a matching flange 1204, removably secured in posi-
tion by a plurality of studs 1266 screwed firmly into the
flange 1201 and receiving nuts 1207 pressing against the
flange 1204.

The flange 1204 is one part of a removable tube sec-
tion including pipes 1208 and 1209, axially aligned ‘and
secured together so that they can be conside;ed as a unit.
Thie pipe section 1208 is-seated within an annular recess
1211 provided in the flange 1204 and is secured to such
flange, while the section 1209 is similarly mounted within
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a'recess: 1212 and is suitably .secured o a similar flange
1213. Abutting the flange 1213 is ‘& ‘mounting. plate
1214 secured to the flange by a plurality of studs 1216
seated in the plate and equipped with nuts 1217. These
press against the flange 1213 to hold it in firm engage-
ment with a pair of packing rings 1218 seated within
receiving grooves 1219 cut in the meeting face of the
plate 1214. In this fashion, the vacuum-tight integrity
of the interior of the tube 1082 is maintained despite
the provision of removable flanges 1204 and 1213.

The plate 1214 is provided with a centrally enlarged
annulus 1222. On the outboard side of the annulus,
the plate 1214 forms a rather closely fitting bore 1223.
This bore is a positioning and sliding fit with the inte-
rior casing 944, and together with the close fitting bore
1196 constitutes the aligning support for the casing 944.
The annulus 1222 is preferably connected to a pump-out
or other suitable source of subatmospheric pressure, in
order that any undue leakage of air may be stopped
before progressing further. -

To insure that the leakage of air is at a minimum,
yet to permit axial sliding movement of the casing 944
within and with respect to the tube 1082, the plate 1214
adjacent the shoulder 1223 is formed with a recess 1224,
receiving a collar 1226 positioned and fastened therein.
Within the chamber defined in part by the shoulder 1223
and by the collar 1226 is situated a pair of deformable,
generally. conical washers 1227 and 1228, preferably of
rubber or like material.

To serve as a support in part for the washer 1228,
and to afford pumping-out space, there is interposed
between the washers 1227 and 1228 a conical disk 1229,
having a channeled peripheral band 1231 thereon which
in turn communicates with a pumping-out .orifice (riot
shown). The washer 1228 is abutted by an annulus
1232, projecting from a plate 1233 slipped over the cas-
ing 944 and adapted to be urged toward the plate 1214
by tightening movement of a plurality of machine bolts
1234 passing through apertures in the plate 1233 and
engaging the plate 1214.

By the provision of this mechanism there is afforded
a means for permitting free sliding of the casing 944
through the seal comprised of the washers 1227 and 1228,
without substantial leakage and with adequate freedom
of motion.- Thus, on one side of the packing provided
by the washers 1227 and 1228 the pressure can be main-
tained at a value different from the pressure on the other
side of such packing. ‘

Accurately controlled sliding motion of the casing 944

. with respect to the tube 1082 is provided by a mechanism

including a plate 1239 having a central aperture 1241 of
slightly larger diameter than that of the casing 944, The
plate 1239 is fastened to the block 963 for joint operation
therewith by a pair of studs (Figure 39) 1242 and 1243,

, Tespectively, seated within the plate 1239 and passing
5 through accommodating apertures in the plate 963 to

receive securing nuts 1244. Since the block 963 is- se-
curely fastened to the end of the casing 944, the two
joined parts 963 -and 1239 necessarily move in unison
with the casing. ‘
The conjoint axial motion is effectuated by a pair of
adjusting screws 1247 and 1248, respectively. These are
disposed at opposite sides of the casing 944 and, by sim-
ilar threaded engagements therewith, produce equal ef-
fects upon the opposite ends of the. plate 1239, so that
a pure axial translation of the casing is produced without
any transverse forces which would tend to cause sticking
or binding or leakage through the packings 1227 and
1228. Each of the screws 1247 and 1248 is mounted in
a similar fashion, so that a description of one mounting
is equally -applicable to the other. o D
For example, the screw 1248 is freely journaled upon
a supporting pin 1249 provided with a threaded portion
1251 passing. through the plate 1214 and anchored in
position: with respect thereto by a pair of jam nuts 1252
and 1253, respectively. The screw 1248 is confined
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against axial translation on the pin 1249 2t one end by'

a washer 1254 secured in place by a cap screw 1255 hav-
ing its threaded pin received in a similarly threaded re-
cess 1256 bored in the pin 1249. The other end of the
screw -1248 is confined axially by a worm wheel 1257,
joined by solder or other appropriate means to a collar
1258 integral with the screw 1248, so that the worm
wheel occupies a position abutting the jam nut 1252.
The worm wheel 1257 associated with the screw 1248,
and a comparable worm wheel 1259 associated with the
screw 1247, are both driven (Figure 50) in unison by the
meshing therewith of a respective one of a pair of worm
gears 1261 and 1262, disposed near opposite ends of a
cross shaft 1263. Both of the worm gears are secured

to the shaft, and so that they may be turned, the shaft 1

is likewise provided with an operating knob 1264, The
shaft 1263 is mounted and axially confined by being jour-
naled in a pair of L-shaped plates 1266 and 1267, re-
spectively, disposed in appropriate abutment with the
outboard faces of the two worm gears 1261 and 1262.
These are secured to the outer edges of the mounting
plate 1214 by fastening screws 1268 and locating pins
1269 (Figure 34).

By the provision of this mechanism I have afforded

a manually operable mechanism, effective in both direc- ?

tions without substantial backlash. Since it includes
various worm and screw mechanisms, it is not, there-
fore, susceptible to displacement by reverse forces. The
structure is effective for minutely regulating the axially

adjusted position of the cathode casing 944 and, conse-

quently, of the electrode or filament 931 with respect
to the mounting tube 1082. That is, upon manipulation
of the knob 1264, the shaft 1263 is rotated. The two
worms 1261 and 1262 rotate in unison and cause a rota-

tion of the screws 1247 and 1248 in consonance there- 3

with. Thereby, the plate 1241 is either advanced or re-
tracted by equal forces, applied at opposite sides thereof,
and the casing 944 is-smoothly and without leakage pro-
jected into the tank 711 or withdrawn therefrom.

Since it is sometimes desired to change the filament
931 without otherwise disturbing the apparatus, and
since for purposes of adjustment the casing 944 is made
axially slidable, I have devised a means for permitting
the change of the filament and, in fact, of substantially
the entire slidable cathode mechanism, without the neces-
sity of varying the pressure materially within the tank
711. That is, there is afforded a way of changing fila-
ments without making it necessary to let the entire tank
711 down to air.

This mechanism (Figure 36) is included in the unitary
structure incorporating the pipe sections 1288 and 1209
and comprises a valve body 1271, at its aligned extrem-
ities provided with threaded flanges 1272 and 1273 en-
gaged with the pipes 1268 and 1209, respectively. The
valve body 1271 thercfore is, in fact, a continuation of
the pipes 1208 and 1289 and forms a vacuum-tight ex-
tension thereof. This body, on its interjor, is pierced by
a passageway, generally designated 1274, in every part
at least as large in diameter as the exterior diameter of
the casing 944, and preferably sufficiently larger to af-
ford adequate sliding clearance:

The interior of the valve body 1271 is spanned by a
pair. of apertured. walls 1276 and 1277, respectively,
having smooth opposed or adjacent faces 1278 and 1279.
When the tube 944 is withdrawn from its operating posi-
tion, as shown in Figure 36, each of the faces 1278 and
1279 is adapted to receive the associated one of a pair
of disks 1281 and 1282, of a size to overlie the apertured
portion of the adjacent one of the walls 1276 and 1277.
The disk 1282 on the vacuum side of the apparatus
is provided with a. deformable seal 1283, contained in
a channel in the disk. When the disk is in a closed
* position, the seal is forced to make a firm contact with the
seating face 1279, under the influence of a stemmed wedge
1284, normally interposed between the ‘disks 1281 and
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1282. In the closed position of the valve, the wedge
is forced into contact with an abutment 1285 integral
with the body 1271 and urges the disks 1281 and 1282
axially apart and against the faces 1278 and 1279,

The disks 1281 and 1282 are partially journaled on
and carried by a threaded stem 1286 cooperating with a
valve cap 1287 engaging the body 1271 and forming
therewith a vacuum-tight enclosure. Leakage along the
stem 1286 is prevented by a vacuum seal 1288, provided

} with a pump-out connection 1289 leading to a suitable

source of vacuum. Upon rotation of the stem 1286 by
a conveniently provided hand wheel 1291 on the end of
the stem 1286; the disks 1281 and 1282 are projected or
retracted. ‘'This motion can be fully accomplished only
when the casing 944 is withdrawn from the valve body.
In & position of the casing with its end between the
valve body and the sealing washer 1227, when the valve
is closed a vacuum-tight barrier is formed across the
interior of the tube 1082 and the casing can then be fully
withdrawn.

With this mechanism in place and with the valve open
and the casing 944 positioned, as shown in Figure 36, the
operation of changing the filament 931 is readily accom-
piished by disconnecting the fastenings between the block
253 and the plate 1239 by removing the nuts 1244.
The casing 944 is then carefully withdrawn in an axial
direction until such time as the filament 931 is positioned
between the path of the disk 1281 and the plate 1214,
for example, and so that the end of the casing 944 is
still within the seal formed by the packings 1227 and
1228. At this point the withdrawal movement of the
casing 944 is interrupted. The wheel 1291 is then ro-
tated so as to move the valve into closed position, and so
as to press the disks 1281 and 1282 tightly against the
faces 1278 and 1279. This maintains the vacuum-tight-
ness of the tank and the casing 944 is then withdrawn
the remaining part of the distance, permitting atmospher-
ic air to enter the pipe 1209 up to but not beyond the
disk 1281,

When a new filament 931 is to be installed, its asso-
ciated casing 844 is carefully introduced through the
seal formed by the washers 1227 and 1228 and the filament
is stopped just short of the disk 1281. The mechanism
is permitted to remain in such position. until any con-
tained atmospheric air between the seals 1227 and 1228
on the one hand and the disk 1281 on the other is
cxhausted at least to an equivalent pressure with the
tank ‘711. Thereupon the hand wheel 1261 is manipu-
lated to free the disks 1281 and 1282 by slight axial
movement from their seating faces 1278 and 1279, and
then to withdraw such released disks from their blocking
position in the path of the casing 944 into a retracted
position, as shown in Figure 36. Thereupon: the casing
944 is thrust axially forward into its final position, as
illustrated in the drawing. The block 963 is then in
abutment with the plate 1239 and is united therewith by
the repositioning and tightening of the nuts 1244,

When current is supplied through the tubes 942 and
943 to the filament 931, the filament is heated to an ele-

vated temperature sufficient to cause the emission of
electrons. A large number of the emitted electrons are

made to pass from the filament 831 downwardly in the
vicinity of the arc chamber 921 and parallel to the direc-
tion of the magnetic flux to an anode 1301, preferably
comprised of a metal plate secured by fastenings 1302 to
the lower portion of the plate 813 so that the anode 1301
is maintained-at the same electrical potential as the plate.
813. This is a voltage somewhat less than the voltage
at which the filament 931 is maintained. A representa-
tive value for this voltage difference when the arc is sbout
12 inches long, as shown in Figure 31,-is of the order
of 100 volts. . )

Since the magnetic field is considered by some to have a
confining. influence upon the electrons emitted from the
filament 931, it is not always deerned necessary, in order
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to have a-defined shape of electronic column, to resort
to additional defining means. Yet, it is often considered
helpful mechanically to confine the shape of the elec-
tronic stream leaving the filament or cathode and flowing
to the anode 1301. . More particularly, it is very desirable
to, restrict the return flow of charged particles traveling
in the direction of or toward the filament. That is to
say, electrons originally issuing from the filament tend
subsequently to produce a return bombardment of the
filament wire 931 by positive particles produced either
by collision in the vicinity of the arc chamber or by
secondary emission from the anode 1301 or adjacent parts.
This action, if. sufficiently great, is deleterious.

Consequently, with two aims in view: firstly, to pro-
duce a predetermined cross-sectional shape or outline
of the electron stream flowing toward. the anode, and
sgcondly, to preclude undue bombardment of the filament
931 by returning positive ‘particles, I preferably secure
to.the top of the plate 813 a confining plate 1393, prefer-
ably fabricated of a suitable metal and secured to the
plate 813 by suitable fastenings 1304. The plate over-
lies a portion of the arc chamber 921 and in the desired
location is pierced to provide an aperture 1366 of the
desired dimensions and contour so that the electron stream
passing from the filament 931 through the aperture 1306
has the predetermined or desired cross-sectional con-
figuration.

In many instances the aperture 1306 is made smaller
than the projected or facing area of the filament 931
and, in any event, permits the passage in a downward
direction from the filament toward the anode of: only
certain specially located electrons, and likéwise inter-
cepts -all except a few secondary particles traveling up-
wardly in a direction from the anode toward the cathode.

By the provision of this mechanism, there is afforded
a means for establishing and maintaining a relatively
long arc or stream of electrons substantially between
the confining plate 1303 and the anode 1301. The stream
of electrons or arc has a specml configuration and size,
being substantially uniform in cross section throughout
the major portion of its length. This may be partly
or largely because of the effect of the magnetic field.

The stream of electrons follows a path in a vertical
direction, intersecting the path or paths of numerous
particles or molecules flowing through the apertures 927
and into the arc chamber 921. Since the paths of the
electrons and of the particles intersect, there results a
large number of collisions between the electrons and the
particles and, as a consequence, some of the particles lose
one or more of the elecirons normally in their sur-
rounding envelope and become at least singly ionized
and consequently electrlcally and magnetically respon-
sive.

It is of great benefit to produce as many collisions as
possible, since to do. so results in a more favorable or
more prolific production of ions, and for that reason
I provide means for particularly confining and directing
the flow of molecules in somewhat the same way as the
flow of electrons is defined by the plate 1303. For this
reason, I provide .arc defining plates 1307 and 1308,
respectively, disposed in the same plane, extending for
substantially the entire height of the arc chamber 921,
and at their closest approach providing a slot 1309 of
a minimum predetermined width. Furthermore, in ac-

cordance with my invention, I confine the flow through é

and beyond the slots and provide an aperture of a favor-
able cross-sectional contour by supplementing the plates
1307 and 1398 with adjacent overlying confining plates
1311 and 1312, respectively, having their downstream
edges beveled. The confining plates are displaceably
mounted to slide with respect to the .plates 1307 and
1308, so that by individually adjusting the platés 1311
and 1312 the approximate amount of divergence of the
slot 1309 can be controlled. ‘

It is desired that the principal defining plates 1307
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and ‘1308, and also the- auxiliary confining plates 1311
and 1312, be mutually adjustable, preferably with a.si-
multaneous motion transversely of the arc mechanism,
so that the width of the slot 1309 can be externally con-
trolled. For this reason, each of the pairs of plates
1307 and 1311, as well as 1308 and 1312, is mounted
on the adjacent one of a pair of quite similar blocks
generally designated 1313 and 1314. To the. forward
inner edge of the block 1313 the plates 1367 and 1311
are fastened. On its forward face, the block is stepped
and is contoured to -have an inner face 1316 defining a
portion of the arc chamber 921. - In addition, the block
1313 has a curved or arcuate rear surface 1317 closely
overlying a correspondingly curved forward face 1318
defining the adjacent forward portion of the plate 813.
The curved surfaces 1317 and 1318 are concentric about
an axis 1319 (Figure 29) located on the center line of
the source block mechanism 812 and to the rear there-
of, The pair of plates 1308 and 1312 is mounted on
the block 1314 contoured along one edge 1321 partially
to define the arc chamber 921 and contoured to afford
a curved rear surface 1322 overlying the curved forward
face 1318 of the plate 813 and correspondingly arcuate
about the axis 1319.

Means are provided for mounting and moving the
blocks 1313 and 1314 and their attached plates. Di-
rectly secured to the biock 1313 is a side arm 1323
(Figure 32) extending for substaatially the full length
of the source block mechanism 812 and adjacent ifs rear
end connected to a hinge lever 1324. This is provided
at its inboard end with an apertured bearing rotatably
encompassing a hinge rod 1326 concentric with the axis
1319, so that the side support arm 1323 and the hinge
lever 1324 are movable .as a unit about the axis 1319
as a center to displace the plates 1367 and 1311 in an
arcuate path. This may be considered, for small ampli-
tudes of motion, to be approximately a transverse straight
path.

In addition to the top side arm 1323, the block 1313
is ralso supported by a central side arm 1327 termi-
nating in a hinge lever 1328 having a boss pivoting around
the hinge rod 1326, and by a lower side arm 1329 pro-
vided with a hinge lever 1331 ending in a terminal boss
likewise pivoting around the rod 1326. The block 1313
and its appurtenances is thus well supported and guided
in its-swinging movement about the axis 1319 as a center.

In a somewhat similar fashion, the block 1314 is sup-
ported and swung in an arc about the axis 1319 by’
reason of the fact. that at intervals along its length the
block is secured to a top support arm 1332 (Figure 32),
a central support arm 1333, and a bottom support arm
1334, all extending longitudinally of the source block
mechanism and adjacent their rear ends being inturned
and provided with hinge levers 1336, 1337 and 1338,
respectively, Each of the hinge levers ends in a :boss
that is centrally apertured to rotate freely about the rod’
1326 as a supporting pin.. The bosses for the various
hinge levers and side arms are mterspersed With this
mounting, the block 1314 is free to swing in a pre-
determined arcuate path about the axis 1319 as a cen-
ter, so that the plates 1308 and 1312 likewise swing
about such center. For small amplitudes of motion, the:
plates can be considered as traveling transversely in a
straight line.

‘In order to posmon and support the rod 1326 and the
various members rotatably mounted upon it, I provide
a plurality of substantially identical pillow blocks 1341,
1342 and 1343, respectively. Each of the blocks is’
pierced by an aperture receiving the rod 1326 with a
relatively tight fit, and each of them is also possessed of
a pair of oppositely directed ears 1344 (Figure 30): '
Through the ears pass a plurality: of fastening screws
1345, engaged with the adjacent one of the plates 854
and 856, thus serving not only to support the hinge rod
1326 and its attendant structure upon the furnace block
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833, but also serving as a tie for assisting in maintaining
the plates 854 and 856 in closely abutted relationship.

Although the mechanism supported by the rod 1326
is freely swingable about the axis 1319 as a center, and
although the arc defining plates 1367 and 1308 might
be individually adjusted and might be individually dis-
placed in different transverse amounts, I primarily pre-
fer, in the present instance, to displace the two plates
1307 and 1308 in equal amounts on opposite sides
of the center of the source mechanism and to displace
such plates simultaneously. Furthermore, this displace-
ment is preferably made variable during the course of
operation of the structure, and while it is possible to
preset or initially adjust the plates so that an arc slot
1309 of predetermined transverse dimension is initially
established and is subsequently maintained, I prefer to
arrange matters so that this transverse distance can be
varied within rather wide limits at the will of the operator
and during the functioning of the device.

I consequently provide the central side arm 1327,
substantially midway between its ends, with an enlarged
boss 1346 (Figure 30) formed with a vertically extend-
ing -circular, cylindrical passageway serving as a seat
for a relatively rotatable plug 1347. The plug is trans-
versely pierced by a threaded bore engaged with the
threaded end 1348 (Figure 28) of a transverse screw
shaft 1349. To accommodate the screw shaft 1349 in
several angularly displaced positions thereof with respect
to the arm 1327, the boss 1346 is relieved and is pro-
vided with transversely elongated openings 1350,

The shaft 1349 is equipped with an enlargement 1351
(Figure 28) in the form of a collar pinned on the shaft
and freely rotatable between the confining side walls of
the furnace plate 854 on the one hand, and of an at-

tached cup 1352 forming the other restraining wall and :

removably secured to the plate 854. Except for the
restraint transversely or axially of the collar 1351 im-
posed by the plate 854 and the cup 1352, the shaft 1349
is not restrained. It continues through the furnace block
853, in the center thereof being loosely surrounded by an
enclosing tube 1353, and emerges on the far side of the
furnace block. The shaft then passes through a plug
1354 freely journaled in an enlarged boss 1355 (Figure
29) formed integrally with the side support arm 1333,
and relieved adjacent the portions pierced by the through-
shaft 1349. There is thus permitted a reiative swinging
movement of the threaded shaft with respect to the cen-
tral support arm, accomplished by relative rotation be-
tween the plug 1354 and the arm 1333.

The shaft 1349, where it engages the plugs 1347 and
1354, is threaded in opposite directions; that is, one of
the threads is left-hand and the other thread is right-
hand. Consequently, rotation of the shaft 1349 pro-
duces opposite displacement of the supporting arms 1327
and: 1333, these displacements being established at equal
amounts on opposite sides of the center line, due to the
transverse shaft-restraining action of the collar 1351 and
its- adjacent parts.

In order to impart the requisite rotational motion to
the threaded shaft 1349, that shaft is provided with a
worm wheel 1361 having a collar 1362 (Figure 32) fas-
tened by a pin 1363 to the threaded shaft 1349 and en-
gaged with a worm 1364 provided with a collar 1366
fastened by a pin 1367 to an operating shaft 1368. The
worm 1364 is confined against axial translation but is
supported for rotary movement in conjunction with the
shaft 1368 by a yoke 1369 fastened to the furnace plate
856 by a plurality of fastening devices 1371 and locat-
ing pins 1372. The yoke is provided with a pair of
arms 1373 and 1374 pierced to form journals for the
shaft 1368 and closely abutted against the end faces
of the worm 1364 and of the collar 1366.

The operating shaft 1368 extends from the yoke 1369
toward the fsce plate 712, but since the shaft 1368, in
addition to its rotation relative to the. furnace block
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853, must partake of the various rocking motions of
the furnace block about the axis 757 and the axis 807,
it is provided with means for transmitting rotary motion
aad for permitting lateral and endwise displacement.
This mechanism includes a pair of universal joints gen-
erally designated 137¢ and 1377, respectively. Although
each one of these joinis introduces a slight variation in
angular velocity when the adjusted mechanism is not in
its median or undispiaced. position, the joints are arranged
s that the variation introduced by one is exactly offset
and compensated for by variation introduced in the oppo-
site direction by the other joint.

In this fashion, and also because of the provision of
the several worm and screw connections, it is possible
exterioriy of the tank to make fine, accurate adjustments
of the parts without error due to backlash and without
error due to adjusting orientation of the source block.
Since each of the uaiversal joints is identical with the
other, a description of cne of them is equally applicable
to the other.

As an exampie, the universal ‘joint 1376 includes a
spider 1378 having a pair of diametrically opposed arms,
each merging with a hub 1379 fastenad to the shaft 1368
by a pin 1381, Boih of the arms of the spider 1378 are
connected to a flexible, metallic disk 1382 by through
bolts 1383 and interposed resilient washers 1384, so that
the spider 1378 is attached io the flexible disk 1382 at
two diametrally opposite points.

At intermediate points on the disk 1382, that is to say,
at points 90° from the points of attachment of the arms
of the spider 378, there are attached the arms of a
spider 1386 by means of through bolts 1387 and inter-
posed flexible washers 1388. The arms cf the spider
1386 merge with a hub 1389 fastened by a pin 1391
to an infermediate tumbler shaft 1392, serving as a con-
nection between the universal joint 1376 and the uni-
versal joint 1377. Thus, rotary motion of the tumbler
shaft 1392 is substantially identical with rotary motion
of the shaft 1368. Further, some axial motion is per-
mitted.

The rotation is also substantially identical with rotary
motion of a drive shaft 1393 secured to the universal
joint 1377 and extending through the face plate 732 to
a manipulating knob 1394 provided at the terminus of
the shaft 1393 and disposed at a convenient exterior
point for manipulation by the machine operator. Where
it passes through the face plate 712, the shaft 1393 is.
provided with a vacuum seal to permit the desired rota-
tional motion of the shaft 1393 while preventing undue
leakage of atmospheric air into the tank.

Axial displacement of the shaft 1393 is resisted in one
direction by a collar 1396 pinned to the shaft and abut-
ting the inmer surface of the face plate 71i2. Exteriorly
of the face plate there is provided a mounting 1397 to
resist axial displacement of the shaft 1393 in the other
direction and to receive a counting mechanism (not
shown), so that each rotation of the shaft 1393 is indi-
cated by a counting register. By the provision of the
counting or registering mechanism there is afforded a
means for indicating to the operator the number of ro-
tations accomplished by the shaft 1393 and, correspond-
ingly, by virtue of the conmecting linkage, the relative
amount that the plates 1347 and 1308 have been moved
apart or bronght together, so that the width of the slot
1309 can readily be exteriorly estimated or determined
in any of their positions of adjustment. By the provision
of the mechanism for rendering the plates 1307 and 1308
adjustable, there is afforded a way of regulating ' the
area or size of opening releasing material to flow from
the arc chamber; and there is consequently afforded a
means for affecting the quantity of material discharged
from the source mechanism.

I preferably provide a further mechanism, in the form

- of supplementary plates, for defining the width and. con-

tour of the channe! occupied by the materisl flowing
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from or leaving the arc chamber and in the immediate
vicinity of the arc. . This additional mechanism is made
to depend generally for its adjustment upon the adjust-
ment of the plates 1367 and 1308 and, normaily, is in-
tended to be adjusted simultaneously and coincidentally
therewith, as an incident of the adjustment of such
plates, but, as an extra refinement, there is afforded a
means for individual adjustment of the additional defin-
ing plates.

In the preferred embodiment of this structure, there
is provided a pair of identical plates 1461 and 1462
(Flgure 30). The defining plate 1481, for example, is
pinned in a slotted holder 1403, channeled to seat against
a strap 1464 extending in a generally vertical direction
adjacent and parallel to the block 1313. The strap is
supported by a pair of rearwardly extending arms 1406
and 1407 (Figure 32), respectively, both of them at
their opposite ends being secured to a vertically extend-
ing C-shaped tie bar 1408 (Figure 32). To the tie bar
1408 are secured upper and lower radial arms 1442 and
1411, respectively, both being flattened at one end and
pierced by cylindrical apertures constituting ]oumais for
the arms on the hinge rod 1326.

In a similar fashion, the plate 1402 is pinned in a slot-
ted vertical holder 1412, channeled to interfit with a ver-
tically extending strap 1413 mounted on a pair of arms
1414 and 3416 (Figure 32), respectively, extending longi-
tudinally of the source block mechanism 812, and at their
rearward ends secured to a vertical, C-shaped tie bar
1417. To the tie bar 1417 are fastened upper and lower
radial arms 1418 and 1419, respectively, both being flat-
tened at one end to'interfit with the arms 1409 and 1411,
and being pierced by circular, cylindrical apertures form-
ing a bearing connection with the hinge rod 1326. Suit-
able spacers 1421 are also mounted on the rod 1326.

The mechanism, as thus far described, affords free
arcuate swinging of the plates 1401 and 1402 about the
axis 1319 as a center, and to control such swinging mo-
tion, I provide substantially identical independent mecha-
nisms, one in connection with each of the plates 1401
and 1402,

For the plate 1402 there is mounted on the central side
arm 1333 an extension block 1422 (Figures 28, 29, 30
and 32), provided with a longitudinally extending, trans-
versely widened aperture 1423, and an intersecting, verti-
cal cylindrical bore forming a journal for a plug 1424.
Extending into and rotatably engaging the plug 1424 is'a
rotatable adjusting shaft 1425 having a peripheral groove
1426. Into this groove extends the reduced lower end
of a locking screw 1427, held by a locking nut 1428 so
that the shaft 1425 is freely rotatable and laterally swing-
able with respect to the block 1422.

" Also, the arrangement is such that axial displacement
of the shaft 1425 produces a. corresponding swinging

movement of the block 1422 and its associated mecha- ;

nism. - Since it is desired that such swinging motion be
with respect to the block 1314, the shaft 1425 intermediate
its ends is provided with a threaded portion 1429 engaging
a comparably threaded aperture formed in a plug 1430,
freely journaled to turn vertically in a block 1431 cen-
trally secured to the C-shaped tie bar 1417." The block
1431 and the-tie bar are relieved to accommodate the
rotary and swinging motions of the piercing adjusting
shaft-1425. Upon rotation of the shaft 1425, the block
1422 and the block 1431 either approach toward or re-
treat from each other and there is correspondingly pro-
duced a relative motion of the plate 1402 with respect to
the plate 1312,

To produce the desired rotary motion, the shaft 1425 is
connected by a collar 1432 to a universal joint 1433, in
all respects comparable to the universal joint 1376 and

joined to a tumbler shaft 1434. An exactly similar uni--
versal joint 1435 is connected not only to the tumbler’
shaft 1434, but is also fastened to an operating shaft 1436. .
This latter shaft passes through the face plate 7 12 whereat

A
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it is provided with a vacuum seal 437 to permit the de-
sired rotation of the shaft and to preclude unnecessary or.
undesired leakage of atmospheric air into the interior of
the tank.
The exterior extremity of the operating shaft is pro-

" vided not only with a manipulating knob 1438, but like-
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wise is designed to cooperate with a counter mechanism
(not shown) that can be mounted on a mounting disk
1439, so that upon rotation in either direction of the
operating knob 1438 the counting register is comparably
actuated to give an indication to the operator of the rela-
tive position of the operating shaft 1436 and, correspond-
ingly, of the shaft 1423, so that the relative position of
the blocks 1422 and 1431, as well as the relative position
of the plates 1402 and 1312, is afforded. The universal
joints 1433 and 1435 are sufficiently flexible within the
relatively limited range of motion of the plates 1312 and
1402 so that these plates can be moved in unison by oper-
ation of the knob 1394, or so that the plate 1402 can be

_individually adjusted by manipulation of the knob 1438.

In order that the plate 1401 can be similarly adjusted,
the arm 1327 is provided with an extended block 1440,
having a vertically rotatable plug 1441 journaled therein.
Into the upper portion of the plug is threaded a screw
1442 held in adjusted position by a lock nut 1443. The
lower end of the screw is reduced in diameter and :de-
pends into a longitudinally extending, transversely en-
larged passageway 1444 formed in the plug and in the
biock 1441, Extending into the passageway 1444 is an
operating shaft 1446, adjacent one extremity being. pro-
vided with a peripheral groove engaged by the reduced
lower end of the screw 1442, so that the shaft 1446 is
capable of rotation and of lateral displacement, but is re-
strained against axial motion with respect to the block
1440.

The shaft 1446 is formed with threads 1447 engaging
cooperating threads formed on the interior of a plug 1448
freely journaled in a block 1449 centrally secured to the
C-shaped tie bar 1408. The shaft 1446 extends through
the block 1446 and the block 1449 and moves the block

" 1449 and all appurtenant mechanism with respect o the
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block 1440 and the mechanism with which it is kmetlcally
integral.

The shaft 1446, after passing through the tie bar 1408,
is connected to a universal joint 1451, substantially iden-
tical in construction with the universal joint 1376. A
similar joint 1452 is connected to the joint 1451 through
the medium of a tumbler shaft 1453 and is also connected
to an operating shaft 1454 passing through the face plate
712.. At its outermost extremity, the shaft 1454 is pro-
vided with an actuating knob 1456. There is also pro-
vided a vacuum seal where the shaft 1454 passes through
the face plate 712, and a mounting 1457 for a counting
register to indicate the number of turns of the knob 1456
from any previously identified posmon

‘When the knob 1456 is rotated. in either direction, the‘
shaft 1446 is comparably rotated through the medium
of the universal joints 1451 and 1452 and the tumbler
shaft 1453, The shaft 1446 moves the block 1448 with
respect to the block 1449 so that the arms 1406 and 1407
connected to and supporting the plate 1401 are given a
relative motion with respect to the arm 1327 and its
associated plate 1311,

In this fashion, while the plates 1401 and 1402 are

= normally moved toward each other and apart along with .

the plates 1311 and 1312 whenever the knob 1394 is ro-
tated, it is nevertheless possible, in any adjusted position
of the knob 1394, either individually or in unison to
rotate the knobs 1438 and 1456, thereby correspondingly
to produce either separate or conjoint motion of the plates
1401 and 1402, either relative to each other merely, or
also relative to the plates 1311 and 1312, Consequently,
by the selective manipulation of the knobs 1394, 1438 and
1456 the operator can produce the desired configuration
of the terminal or outermost portion of the arc chamber .
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647 and can control to a nicety the boundary conditions
existing in the arc chamber and the conditions governing
the efflux of molecules and ions through the slot 1389 and
between the plates 1461 and 1402.

The effect of collisions between the electrons flowing
in a column between the filament 931 and the anode 1361
and the particles emanating from the arc chamber 921
is to convert many of the electrically and magnetically
inert particles into electrically and magneticaily responsive
or controllable ions.

In accordance with my invention, I preferably impose
upon the ions an electrical potential difference of such a
great magnitude, and consequently accelerate the ions so
much with respect to their original thermal energies, that
the difference in energy content of the energized ions is
relatively small and of such minor amount as to be prac-
tically: negligible. - As a practical example, the ions are
dccelerated by being made to respond to or fali through a
potential difference four thousand or more times the origi-
nal thermal energy spread. As an example, a factor of
five thousand indicates an accelerating potential difference
of approximately 25,000 volts. All of the accelerated
ions are possessed of energies differing only 5 volts or so
from 25,000 volts. The energy difference from ion to
ion under this accelerated condition is but a few hun-
dredths of one per cent. Thus, all of the accelerated ions
can, with substantial accuracy, be considered to be pos-
sessed of the same energy or velocity; namely, that cor-
responding to .a fall through a potential drop of 25,000
volts.

The entire furnace block 853, as well as the anode
1301, the face plate 712, and the tank 711, are at the
same electrical potential. . Normally, this is the potential
of the electrical ground and gives rise to the designation
of this electrical arrangement of the source as a grounded
or “cold” source. To establish a negative potential differ-
ence of approximately 25,000 volts from the grounded
potential of the source block and anode, T preferably pro-
vide an accelerator mechanism (Figures 30, and 41 to
50), generally designated 1461, mechanically mounted
on the face plate 712 and removable, along with the
source, from the tank 711. But the accelerator mecha-
nism is electrically insulated from the tank and from the
source, so that it readily can be maintained at a voltage
different from that of the tank or source.

The accelerator particularly includes a pair of acceler-
ating plates 1462 and 1463, respectively, equivalently. dis-
posed in front of the slot 1369, in approximate symmetry
with and on opposite sides of the center line or axis 757
of the source. * Each of the plates 1462 and 1463 com-
prises an' elongated strip of carbon or comparable mate-~
rial, arranged in a generally vertical direction with the
longitudinal dimension of the piece parallel to the mag-
netic flux direction. The vertical extent of each of the
plates 1462 and 1463 is approximately the same as the
vertical extent of the defining plates 1461 and 1492, The
plates 1462 and 1463 diverge from the center line of the
structure as they are spaced farther from the source, and
are mounted in this position by means of fastening bolts
and nuts 1464 passing through slots 1466 in the plates and
also being scated in suitably formed apertures 1467
piercing each one of a pair of support members 1468 and
1469, respectively.

In accordance with my invention, I prefer that the
plates 1462 and 1463 be made adjustable not only upon
installation by virtue of the slotted connection of the
plates with their fastenings 1464, but also to be spread
apart laterally during operation in order to provide a
greater space 1471 between the leading or upsiream edges
of the plates 1462 and 1463, and also to be movable
during operation vertically so that the edges of the plates
can be maintained in precise alignment with the magnetic
flux and with the plates 1401 and 1492, or so that the
parts can be maintained out of parallelism at the desired
divergence. It is also considered advisable generally to
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separate the accelerating plates 1462 and 1463 in unison
or together, although some individual positioning is of
benefit.

Because of these considerations, there is provided a
rather generally adjustable or maneuverable mounting
structure for the supporting members 1468 and 1469, and
since the arrangement is precisely the same for one of
the plates 1462 as it is for the other plate 1463, except
for a reversal of symmetry, a description of but one sym-
metrical half of the mounting structure applies as well to
the arrangement of the other half of the mounting
structure.

The plate 1463, together with its supporting member
146%, is mounted adjacent one end of a transverse frame
1472, fabricated of a plurality of angles, straps and com-
parable shapes to afford a gemerally rectangular support-
ing arid of considerable lateral extent and including a
pair of laterally spaced upright angles 1473 and 1474.
Fastened o each of the angles by appropriate fastening
bojts 1475 and securing nuts 1477, as well as spacers
1478, is one end of a pair of leaf springs 1479 and 1481.
Thus, each of the frames 1472 is connected (o four flexi-
ble leaf springs arranged with each pair in vertical align-
ment and the corresponding members of both pairs in
horizental alignment. .

The vertical dimension of each of the leaf springs is
cousiderable in comparison with the thickness of the
spring wmiaterial, so that thesc springs are vertically stiff
and afford great rigidity of the frames 1472 in the direc-
tion of the magnetic field, but because of the thinness of
the springs transversely, afford virtually complete trans-
verse freedorn of motion of the supporting frame. While
the fastened extremities of the leaf springs - necessarily
move approximately in arcuate paths, still the total am-

litude of transverse motion of the supporting frames is
of such a small extent that, practicaily, the frames and
their supported accelerator plates 1462 and 1463 are
aoved virtually in straight lines transversely of the struc-
ture, )

The springs 1479 and 1481 at their opposite extremi-
ties are connécted by suitable fastenings 1482, including
appropriate nuts, bolts and spacers, to the projecting,
trailing margins 1483 of vertical struts- 1484 and 1486,
respectively, spanning the distance between a tep rail
1487 and a parailel bottom rail 1482. Each of the rails
is in effect a continucus bar, but in fabrication is provided
with a slotted central insert 1482 to afford greater clear-
ance for the jon beam.. The rails are included in a
mounting frame; generally designated 1498, incorporat-
ing side angles 14%3% and 1492 connecting the top and
bottom rails 1487 and 1488 and joined thereto by cor-
ner gussets ¥423 so that a rigid supporting framework is
afforded for the ends of the struts 1484 and 1486 sup-
porting the springs 1479 and 1481, Rigidity is added to

> the frame 149¢ and electric shields for the beam are pro-

vided by centrally extended plates 1494 and 1495 secured
to the top rail 1487 and to the bottom rail 1488,

Since all of the leaf springs are similarly secured to
the framework 1499, considered as a rigid mounting, the
plates 3462 and 1463 can, in effect, be moved toward
and away from cach other in “approximately straight
paths in transverse -directions relative fo the ‘mounting
frame. Means are provided for sujtably supporting the
framework 1499 in the desired location and in such a
way that the general plane of the frame can be set at
aity desired angle within limits,

For this reason, to each of the upright side angles 1492
nd 1492 is fastened a joint frame 1496, substantially
J-shaped in plan and provided with a pair of bosses
1427 and 1498, respectively. These are mounted to
turn upon the projecting portions of a hinge tube 1499
having its outward end covered by a cap 1389 secured to
the boss 1427 by a plurality of fastening screws 1581,
The hinge tube 1439 is held firmly in position to serve
as a pivot for swinging about an axis 1582 by a setscrew

om 2y
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1503. This passes into a radial bore 1504 in the tube
1499 and is likewise threaded into the appropriate one of
a pair of forks 1306 and 1587 included in a mounting
body 1508. In this way, the tube 1499 is firmly anchored
in position and the frame 1496 is readily pivoted with
respect thereto about the axis 1502, Since both ends of
the frame 1490 are similarly mounted, there is afforded
a symmetrical, swinging support for the accelerator plates
1462 and 1463. :

Each of the mounting bodies 1508 is formed with an
extended, circular, cylindrical boss 1569, turned to a
tight fit within the adjacent one of a pair of supporting
tubes 1511 and 1512, each firmly secured to its mounting
body 1508. These tubes extend through the apertured
end of the tank 711 and through the associated one of
a pair of enlarged apertures 1513 in the face plate 712.
Each tube is mounted on the face plate by a train of
intermediate adjusting and orienting mechanism likewise
effective to afford electrical insulation between the sup-
porting tube 1511, also intended to serve as am electric
conductor, and the face plate 712 and the associated
tank structure.

The connection for the tube 1511 on the face plate
712 (Figure 44) is preferably inclusive of a ceramic
insulator 1514, similar in structure and mounting to the
ceramic insulator 1031, previously described. The in-
sulator 1514 is.terminated at and secured to a mounting
plate 1529 having a central aperture 1331 which is ap-
proximately the same diameter as the interior bore of
the insulator 1514 and as the aperture 1513 of the face
plate 712,

To afford a universally orientable mounting, the plate
1529 serves as a support for four evenly spaced studs
1543, each being firmly anchored in position by a lock
nut 1544. The projecting portion of each of the studs
is loosely received in the associated one of a plurality of
enlarged apertures 1546 piercing an orienting plate 1547.
In its median position, the orienting plate is disposed
substantitally parallel to the plate 1529 but it is adapted
to be moved out of parallelism with the plate 1529,
although maintaining approximately the same central axis
as such plate. This motion is accomplished by virtue
of the provision of a number of pairs of adjusting nuts
1548 and 1549, respectively, one of each pair being
located at each side of the plate 1547 and in engagement
with one of the studs 1543. By individually advancing
and retracting the nuts 1548 and 1549 on each of the
individual studs 1543, the angle between the plate 1547
and the plate 1529 can be adjusted within the desired
limitation to any selected value, either as measured in a
vertical plane or as measured in a horizental plane, or
in any combination of horizontal and vertical.

The inclination or position of the plate 1547 is im-
parted to a supporting sleeve 1551, inserted into an aper-
ture 1552 piercing the plate 1547 and preferably fas-
tened thereto by any suitable means such as solder. By
reason of this connection, the axis of the sleeve 1551 15
inclined according to the inclination of the plate 1547.
The motion of the plate 1547 with respect to the plate
1529 is accommodated without danger of air leakage or
loss of vacuum tightness by the provision of a flexible
metallic bellows 1553 surrounding the sleeve 1551, at
one end secured, as by hard soldering, to the plate 1529,
and at the other end similarly secured to the plate 1547.

Within the sleeve 1551, at rather widely spaced posi-
tions, is disposed a pair of rings 1554 and 1556, respec-
tively, axially slidable within the sleeve 1551 and firmly
secured to the exterior of the tube 1511, so that all of
the weight borne by the tube 1511 is transmitted through
the rings 1554 and 1556 to the sleeve 1551, and so that
the angular orientation of the sleeve 1551 is imparted
to the tube 1511. Because of the relative sliding mo-
tion between the tube 1511 and the sleeve 1551, dupli-
cated in the other half of the mechanism, the accelerator
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mechanism 1461 can be spaced various, adjusted amounts
from the arc mechanism.

Since there are duplicate devices of this type provided
at the opposite sides of the accelerator mechanism, the
frame 1490 is appropriately supporied at any desired
elevation within limits, and can be transversely angled
within limits to permit the desired orientation of the
accelerator plates 1462 and 1463 with regard to the
plates 1401 and 1402, all of this orientation and ad-
justment being effectuated by adjustment of the nuts 1548
and 1549,

Advantage is taken of the sliding connection between
the supporting rings 1554 and 1556 and the sleeve 1551,
The tube 1511 is extended beyond the ring 1584 and
to afford a vacuum-tight connection, is enlarged to pro-
vide a radial flange 1557, having in its outer face a
pair of packing rings 1558 and 1559, of rubber or like
material, adapted to abut against a disk 1561 secured
to and forming part of a collar 1563. In order to urge
the disk 1561 against the packings 1558 and 1559, the
supporting tube 1511 adjacent its outer extremity is pro-
vided with peripheral threads 1564, in engagement with
which is a ring 1566. This ring carries a plurality of
machine screws 1567, threadedly engaging the ring 1566

5 and adapted to abut the disk 1561 in special depressions

1568 formed therein for such purpose.

For assembly of the structure, the ring 1566 is engaged
with the threads 1564 and is turned upon the tube 1511
until a reasonably close approach to the disk 1561 is
made. The ring 1566 is stopped in such a position of
rotation that the machine screws 1567 are in axial align-
ment with . their respective disk depressions 1568. In
this position of the parts the machine screws 1567 are
tightened, thereby urging the disk 1561 and the flange
1557 into close abutment, with the packing rings 1558
and 1559 between them being deformed to effectuate a
suitable vacuum-tight seal. When the machine screws
1567 are well retracted from the disk 1561 the ring 1566
can be unscrewed and completely detached from the tube
1511 for dismounting of the structure. After the ma-
chine screws 1567 have been loosened and the ring 1566
has been detached, the tube 1511 can be withdrawn
from the position shown in Figure 44 and the tank in-
terior portion of the structure detached from the tank
exterior part of the structure.

The relative sliding motion provided for between
the tube 1511 and the sleeve 1551 is effectuated by
affording an engagement between the threaded collar 1563
secured to the disk 1561 and an internally threaded
annulus 1569 lying against antifriction bearings 1571,
located by suitable sockets 1572 in a plate 1573, The
plate 1573 serves to confine the annulus 1569 against
axial translation but not against rotation, the confine-
ment being in two directions, by virtue not only of the
abutment between the annulus 1569 and the bearings 1571,
but also by the provision of approximately L-shaped
confining fingers 1574, fastened to the plate 1573 by
suitable machine screws 1576. 'The fingers 1574 are
provided with inturned lips 1577 overlying the periph-
ery of a worm wheel 1578 fastened upon and in effect
integral with the annulus 1569.

With this mechanism, and upon rotation of the worm
wheel 1578, the annulus 1569 revolves. Being con-
strained against axial translation, and because of its
threaded conmection with the collar 1563, the rotating
annulus 1562 causes translation axially of the collar and
all of the parts fastened to it, including the tube 1511, all
with respect to the position of the plate 1573.

To maintain the plate 1573 in a given location or
spacing with respect to the orienting plate 1547, there
are threaded into the plate 1573 at evenly spaced points
adjacent its periphery a plurality of studs 1579 locked
in location by jam nuts 1581 abutting the plate 1573.
The studs 1579 pass loosely through apertures in the
plate 1547 and are fixed by comparable nuts 1582 and
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1583, respectively, threaded on the studs and turned
tightly against the orienting plate.. Consequently, an
appropriate axial location of the plate 1573 with respect
to the plate 1547 is afforded. While some slight varia-
tion in position of the plates 1547 and 1573 with respect
to each other is possible, and such plates can be slightly
non-parallel, it is preferred that only very minor adjust-
ments be made in their relative position, and that nor-
mally the plates 1547 and 1573 be fixed in position and
substantially parallel.

But while these plates are relatively unmoved in the
usual case, the collar 1563 moves axially with respect to
the orienting plate 1547 and a vacuum-tight connecticn
therebetween is maintained by providing a guiding and

mounting flangs 1584 tightly fastened to and extending !

radially from the inner end of the threaded collar 1563
and freely slidable upon the exterior of the supporting
sleeve 1551, A metallic bellows 1386 at one end is

firmly joined to the flange 1584, for example by hard :
solder or other suitable means, and at its opposite end =

is similarly secured to the face of the plate 1547. Thus,
while the bellows 1553 accomocdates angular variation
between the orienting plates 1547 and the mounting plate
1529, the bellows 1586 in general accommodates axial
motion between the plate 1547, the plate 1573, the tube
1511 and associated parts.

The axial motion of the supporting tube 1511 is pro-
duced by rotation of the worm wheel 1578 and, prefer-
ably, the duplicate mechanism for moving the other sup-
porting tube 1512 of the accelerator siructure is operated
in unison . therewith. Thus, as shown in Figure 42, in
mesh with the right-hand worm wheel 1578 is a worm
1587, while in mesh with the left-hand worm wheel 1578
associated with the tube 3512 is-a worm 1588. Each of
these worm wheels is mounted between the forks 1589
and 1591 of a supporting bracket 1592 secured on the
subjacent plate 1573. The worm 1588 is fastened on a
drive shaft 1593, in turn connected to a universal joint
1594 fastened to an intermediate shaft 1596 spanning
most of the space between the adjusting devices. The
shaft 1596 is connected to a universal joint 1597 joined
to a drive shaft 1598 fastened to the worm 1587 and at
its extremity being provided with a manipulating knob
1599.

The worms 1587 and 1588 are rotated in unison, there-
by rotating simultaneously the worim wheels 1578 of
the two adjusting mechanisms and simultaneousiy ad-
vancing or retracting in comparable amounts the support-
ing tubes 1511 and 1512, so that the mounting bodies

1508 arc likewise advanced or retracted in unison and

the axis 1582 in effect is moved foward or away from the
source mechanism. The motion of the mounting bodies
1508 in turn advances or retracts the mouating frame
1490, so that the accelerator plates 1462 and 1463 are
bodily moved closer to or farther away from the defining
plates 1461 and 1402.

While manipulation of the knob 1599 is effective to
produce a variation in the horizontal distance between
the plates 2401 and 1402 and the accelerator plates 1462
and 1463, I likewise provide, in addition to this distance
variation, means controllable from the exterior of the
mechanism for varying the vertical angle between these
pairs of plates. Like the distance varying mechanism,
the angle varying mechanism is duplicated at opposite
sides of the structure (Figure 41), so that a description
of the mechanism at one side.is equally applicable to
the mechanism at the other side.

The mounting frame 1490, being connected to the joint
frames 1496, pivotally mounted on the hinge tube 149%
to rock about the axis 1502, is maintained in position or
is tilted or inclined by a pair of mechanisms, one at
each side of the center. Fach mechanism (Figures 41,
44 and 49) includes a beam 1661 fastened to one of the
side angles 1491 and 1492 of the frame 1499 and braced
by a strut 1602 extending between the frame 1940 and
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the outer end of the beam 1601. At the extremity of
the beam 1601 (Figure 49) there is mounted a sleeve
1603, fastened in place by a pivot pin 1604, so that the
sleeve can rock slightly with respect to the beam 1601.
The interior of the sleeve is threaded to engage the lower
end of a screw shaft 1606 anchored in the sleeve 1603
by a lock collar 1607, so that in effect there is provided
on the beam 1661 a pivoted, threaded extension. ’

The shaft 1606 is threaded into the central hub 1608
of a worm wheel 1609 confined between upper and lower
fins 1611 and 1612, respectively, projecting from a moeunt-
ing bracket 1613 secured to the adjacent one of the
tubes 1811 and 1512. The bracket partially overlies a
cutaway portion 1614 of the tube to provide an aperture
1616 affording communication between the interior and
the exterior of the tube. The plate or bracket 1613 is
held in place on the tube by fastenings 1617 and the worm
wheel 16609 is axially confined by the fins 1611 and 1612,
although it is rotatable on and with respect to the screw
shaft 1606.

Upon rotation of the worm wheel, the screw shaft is
moved in an upward direction or in a downward direction,
depending upon the direction of worm wheel rotation, and
is effective through the beam 1681 to rock the frame 1499
about the axis 1592. The pivot 1604 and some slight
looseness of the threads or bending of the shaft 1606
compensate for the difference between rectilinear trans-
lation of the shaft 1686 requisite adjacent the worm wheel
1689 and the swinging or rotational movement of the
frame 1499, To afford means to rotate the worm wheel
1689, the bracket 1613 is provided on the interior of the
tube 1511 (Figure 44) with a pair of journal bosses 1618
and 1619, respectively, rotatably mounting a driving shaft
1621, To the shaft 162F between the bearings 1618 and
1619 is secured a worm 1622, meshing with the worm
wheel 1669. _

The shaft 1621 extends longitudinally through' the in-
terior of the associaied tube 1511 or 1512 and passes
through an apertured end plate 1623 therein, permanently
secured in place by hard solder or other suitable meauns.
The shaft 1621 passes through the plate 1623 into and
through a vacuum seal 1624, for example, of the type pre-
viously described, and emerges into the atmosphere.. At
its end, the shaft is provided with a manipulating knob
1625 in an appropriate location for adjustment by the
user. :

Since the mechanisms are in duplicate, it is feasible that'
the right-hand manipulating knob 1628 and the left-hand
manipulating knob 1625 be simultanecusly rotated by the
operator and simultaneously to rotate the duplicate worms
1622 and, correspondingly, the worm wheels 1609, thus
conjointly actuating the screw shafts 1606, the beams 1681,
and applying substantially equivalent displacements to the
opposite sides of the frame 1424. However, in the event
this frame, due to heat or other causes, warps out of
planar conditicn, or if for any reason it is desired to posi-
tion one side of the frame without positioning the other,
either one of the manipulating knobs 1625 can be rotated
to the exclusion of the other, and a corresponding dis-
placement of only the related portion of the frame 1460
can be produced.

In addition to the means for advancing and retracting
the frame 14906, and in addition to the means for tilting
the frame 1490 about the axis 1562, 1 provide inéans for
moving the plates 1462 and 1463 toward each othér or
away from -each other, and for moving these plates in-
dividually or, if desired, in unison. Each plate ‘is pro-
vided with a similar mechanism and the description of
the mechanism at the right hand in Figure 41, provided
for the plate 1463, applies as well to the mechanism asso-
ciated with the plate 1462. )

The frame 1472 is readily movable laterally by flexure
of the springs 1479 and 1481, although being restrained
against other motions with respect to the frame 1499, so
that all that is necessary to move the plate 1463 laterally
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or fransversely is to leave the frame 1490 in any selected
one of its adjusted positions and to shift the frame 1472
relative thereto. This is preferably accomplished by pro-
viding the frame 1472 with an angle bracket 1626, having
an aperture through which an actuating rod 1627 is passed,
the rod being rotatably anchored in adjusted position with
respect to the angle bracket 1626 by a pair of jam nuts
1628 at one side of the brackei and a similar pair of jam
nuts 1629 at the other side of the bracket. The rod 1627
is coincident or coaxial with the axis 1502, so that motion
of the mounting frame 1499 and its associated mecha-
nism about this axis is not effective upon the rod 1627,
and so.that the frame 1499 can be freely rocked about
this axis without. in any wise disturbing the position of
the rod 1627, except possibly to impart a slight rotation
thereto, although even this motion is preferably precluded
by adjusting the jam nuts 1628 and 1622 to aflord a rotat-
able connection between the angle bracket 1626 and the
rod 1627.

The rod 1627 is integrally joined to a plug 1631 (Figure
48), slidably received in a central, cylindrical bore 1632
through the hinge tube 1499 and carrying a transverse
pin 1633. The pin is formed with a central positioning
groove 1634 accommodating the projecting, pointed end
of a locking screw 1636 threaded into an axial bore in the
plug 1631 and held in locked position by a lock nut 1637.
The pin 1633 so held in the plug 1631 projects laterally
therefrom through axial slots 1638 and 1639, respectively,
cut in the sides of the tube 1499 so that the pin 1633 and,
correspondingly, the plug 1631, are translatable along the
axis 1502. The plug 1631 is not rotatable because of the
sliding interengagement between the pin 1633 and the
walls of the slots 1638 and 1639 in the tube 1499 held
by the. setscrew 1563 against rotation in the mounting
body 1508.

The plug 1631 and the pin 1633 are axially translated
with respect to the tube 1499 because the pin is received
with a relatively snug fit in apertures in the cylindrical
skirt 1641 of a traveling nut 1642 having a central, circu-
lar, cylindrical bore and bearing upon the exterior of the
tube 1499. The nut 1642 is translatable upon the tube,
but is precluded from relative rotation by the pin 1633.
Exteriorly, the nut 1642 is in threaded engagement with
internal threads 1643 formed in a surrounding sleeve 1644,
having its ends in close abutment with the forks 1506 and
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1507. Between its ends, the sleeve 1644 is provided with -

a pair of apertures 1646 and 1647, in one rotated posi-
tion of the sleeve 1644 being in substantial alignment with
the pin 1633.

In this position of the parts, if the fastenings 1501 are
removed and the cap 1508 is detached, suitable tools can
be engaged with the locking nut 1637 and the screw 1636,
so that these can be retracted from engagement with the
pin 1633. Then the pin can be driven out through one
of the apertures 1646 or 1647, thereby disconnecting the
mechanism. When the mechanism is connected, rotation
of the enclosing sleeve 1644 is not accompanied by any
axial translation, since the sleeve is confined to rotation
only. The rotation is productive, because of the connec-
tion between the threads 1643 and the nut 1642, of a
translation of the nut, and by means of the pin connec-
tion 1633, a comparable translation of the pin 1633, the
rod 1627, and, therefore, of the frame 1472 and of the
plate 1463.

Rotation of the enveloping sleeve 1644 is produced by
a worm: wheel 1648, fastened on to the periphery of the
sleeve 1644 and engaged by a worm 1649. The worm is
secured by a pin 1651 to a mounting shaft 1652, jour-
naled adjacent one end in a boss 1653 forming part of
the mounting body 1508. The worm is held against axial
translation away from the boss 1653 and is maijntained
in adjusted position by a machine screw 1654. One end
of the screw abuts the terminus of the shaft 1652. The
screw then is threaded through a bridge plate 1656, span-
ning the space between the forks 1506 and 1507 and
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secured to the forks by fastening members 1657 and 1658,
respectively.

The mounting shaft 1652 (Figure 44) passes entirely
through the associated one of the pair of tubes 1511 and
1512 and extends through the end plate 1623. Therein
the shaft extends through a vacuum seal 1659, preferably
of the described type, and terminates in a manipulating
knob 1661, conveniently disposed for operation. When
the knob 1661 is rotated in either direction a correspond-
ing rotation of the shaft 1652 ensues. The worm 1649
rotates the worm wheel 1648, thereby rotating the sleeve
1644. The plate 1463 is shifted toward or away from
the center line of the structure, depending upon the direc-
tion of rotation of the knob 1661.

In an entirely comparable fashion, the left-hand knob
1661 is effective to manipulate the accelerator plate
1462. Although the manipulating knobs 1661 in the
left-hand mechanism and in the right-hand mechanism
can be individually operated to position the plates 1462
and 1463 individually, such knobs can be also readily
operated in unison and in comparable amousnts, so that
the plates 1462 and 1463 can be simultaneously and sym-
metrically positioned with regard to the center line of
the structure. ‘

The particles of the polyisotope ionized in the arc
chamber and accelerated by the influence of the accelerat-
ing mechanism, having fallen through a very substantial
potential drop and having been accelerated to high’
energies or velocities, are likewise impeiled by the in-
fluence of the magnetic field to follow paths substantially
arcuate or semicircular in plan, although each particle is
confined approximately to the horizontal plane the par-
ticular particle happened to occupy as it left the source,
The source, in the present instance, is maintained approx-
imately at ground potential and the accelerating device
is at a potential very much lower than ground potential,
Further, the tank 711 is not insulated from the source but
is at the same potential.

Consequently, in accordance with my invention, there
is provided a means for -maintaining throughout the en-
tire curved path of travel of the accelerated ions approx-
imately the same potential conditions as exist at the
accelerating mechanism. This entails the provision of
some structure at a potential different from that of the
tank 711 and electrically insulated therefrom, and carries
with it the consideration that this mechanism extend sub-
stantially the entire distance from the accelerating mech-
anism to the terminus of the path of the particles. These
electrical characteristics must be maintained in conso-
nance with the magnetic field requirements, and also
must be consistent with the fact that the mechanism
operates at a substantial vacuum.

To comply with all of these requirements and to afford
the desired mechanism, I conveniently provide a liner
structure generally designated 1666 and particularly illus-
trated in Figures 26, 51, 52 and 53. The liner itself is
a curved box or segment of an annulus rectangular in
cross section. It is preferably made up of relatively thin,
generally arcuate, inner and outer side walls 1667 and
1668, respectively, of a metal of nonmagnetic nature,
such as sheet copper. The walls 1667 and 1668 are sup-
ported and held in shape by a metallic skeleton constitut-
ing a framework including marginal bar members 1669
and 1671, respectively. These are also of copper and are
designed to receive fastening means for removably se-
curing the flanged side walls 1667 and 1668 in position.

The arcuate side walls 1667 and 1668 are supplemented
by a generally planar top wall 1672 and a similar planar
bottom wall 1673. Both of these are arcuate in plan and
are marginally flanged, the bottom wall being seamed to
the side walls. The top and bottom walls are conven-
iently made of metallic sheets, for example of copper.
The top wall is removably secured in position by any con-
venient means, such as machine screws extending into the
bars 1669 and 1671. The top wall 1672 and the bottom
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wall 1673 and the sides 1667 and 1668 form an electri-
cally unitary box stretching approximately a third
of a circle in arcuate planar contour, and extend the liner
as a whole from a location adjacent the source face plate
712 to a location not far from the face plate 724.

Adjacent its source end, the liner 1666 encompasses a
transition liner 1676 (Figure 26), comprising an arcuate
segment, rectangular in cross section, including curved
side walls 1677 and 1678, respectively, joined with com-
parable top and bottom walls 1679, all preferably fabri-
cated of sheet copper or comparable nonmagnetic, ther-
mally conducting material. The section 1676 slides
within and is supported upon the initial or upstream end
of the liner 1666 and is provided with a pair of transverse

diaphragm plates 1681 and 1682, respectively, each ex- |

tending partially across the transition section 1676 to
define a central passageway 1683, of adequate width to
pass all of the desired particles emitting from the accel-
erating structure. Unwanted side beams or stray par-
ticles can be intercepted by the diaphragm plates made
of appropriate size for this purpose. The interior of the
transition section 1676 is evacuated to at least the same
pressure as-exists in the remaining portion of the interior
of the tank 71%1. For that reason, various convenient
portions of the walls of the transition section 1676 are
pierced by a plurality of apertures 16886, so that particles
of material to be evacuated diffuse or flow freely from the
interior of the transition section to the exferior thereof
and to the interior of the tank 711, At the same time, the

apertures 1686 are not of sufficient number or extent 2

materially to interfere with the uniformity of the electri-
cal potential established.

The transiticn member 1676 virtually encompasses the
end of the accelerating structure 1461, particularly over-
lying the central extensions of the top and bottom plates
1494 and 1495, as shown in Figure 26, with sufficient
clearance to permit adjusting motions of the frame 1498.
At all times the patricles that have left the accelerator
are within the transition section 1676, or within the en-
compassing walls of the liner 1666. The function of the
transition section is promptly to surrcund the issuing
particles and to encompass them until they are well with-
in the liner 1666 with a group of surfaces, all at the same
potential as the potential of the accelerating structure
and of the liner. ‘In this fashion, there is provided an elec-
trically identical but mechanically separate junction be-
tween the liner 1666 and the accelerator mechanism 1461.
Consequently, a suitable transition is effectuated between
the adjustable accelerator and the generally stationary
tank liner 1666.

The liner itself, at advantageous portions of its envelope,

is pierced by a number of apertures such as 1687, of con- .

siderable extent, te afford guick pumping-out conditions
and to afford adequate egress for any otherwise entrapped
or enclosed molecules, To prevent serious disruption of
the electric potential afforded by the walls of the liner,
the large apertures, such as 1687, are spanned at rela-
tively close intervals by overlying wires or mesh 1688 of
electrically conducting material, electrically united to the
liner itself to afford electrical continuity, but not suf-
ficiently closely spaced as to interfere substantially with
the discharge of interior molecules. Preferably, also,
the apertures, such as 1687, are located in line with the
viewing ports, such as 737 and 742, in order that the
interruption in the liner wall can be utilized not only as
a pumping-out space but also as a viewing aperture.
Opposite its source end that encompasses the transition
section 1676, the liner 1666 surrounds but does not touch
an approximately radial metal plate 1682 (Figure 26),
adequately spaced from the side walls 1667, 1668, and
the top and bottom walls 1672 and 1673. An electrical
connection (not shown) extends between the liner and the
plate so that the electrical conditions of the walls and
of ‘the piate 1689 are substantially identical, although the
plate is ‘not mechanically supported tpon the liner.
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Secured to the plate 1689, in firm electrical engagement
and mechanical connection therewith, is the flanged
inner end 1691 of a collector envelope 1692, supported
on the receiver 723. The envelope is approximately
circular in transverse cross section and is approximately
rectangular in configuration in plan.

The envelope 1692 extends from its flanged end 1691
toward and almost into mechanical contact with the face
plate 724, but stops short of such plate to leave sufficient
space for good electrical insulation, since the potential
of the extension 1692 is the same as that of the liner 1668,
while the potential of the face plate 724 is the same as
that of the tank 711 and of the face plate 712. The
envelope 1692 is like a box, open at both ends, and is
primarily for the purpose of affording an extension of
the electrically enclosed vclume at the accelerator po-
tential.

The liner 1666 and its extended envelope 1692, but
not- its extended transition section 1676, is preferably
supported in an electrically insulated fashion from the
arcuate interior side wall 729 of the tank 711. To ac-
complish this, a pair of supporting devices, generally
designated 1693 and 1694, are provided, as shown in
Figures 26, 51 and especially 53, but since each of these
devices is just like the other, a description of one of them
applies to the other, as well.

The inner wall 729 of the tank 711 is at approximately
90° intervals provided with projecting cuffs 1696 and
1697, respectively, of circular, cylindrical contour, welded
or otherwise. securely affixed to the wall 729. Each of
the cuffs 1696 and 1697 encompasses one of a pair of
circular apertures 1698 cut through the inner wall 729,
and is likewise provided with an inturned annular flange
1699 of relatively heavy metal, welded or otherwise
conveniently secured to the associated cuff, say 1696.

Abutting the exterior face of the flange 1699 is an an-
nular piate 1701, held in position by a series of studs 1702,
anchored in the flange 1699 and passing through ap-
propriate holes in the plate 1761. Fastenings such as
nuts 1783 engage the studs and urge the plate” 1761
against the flange to afford-a vacuum-tight connection.
This is facilitated by the provision of a pair of deform-
able annular packing rings 1764, of rubber or like mate-
rial, seated in grooves cut in the face of the plate 1701.

Formed in the center of the plate 1701 is an aperture
1706, substantially continued by a circular, cylindrical
interior passage 1707 defined by a ceramic insulator 1708.
The ceramic insulator 1708 is similar in structure and
mounting te the ceramic insulator 1631 which has been
previously described. The insulator 1798 is secured at
its outboard end to an annular plate 1726.

Thus there is provided a vacuum-tight, demountable,
although rigid, mechanical support, electrically insulated
from, but immovable with regard to the supporting tank
wall 729.

In accordance with my invention, I provide means, co-
operating with the stationary supporting disk 1726, for
adjustably or movably mounting the tank liner 1666 and
its attachments. For that purpose, the mounting disk
1726 is provided with a series of studs 1731, firmly an-
chored in the disk 1726 and held therein by jam nuts
1732. The studs 1731 are of considerable length and
project far enough to receive loosely a disk 1733, having
a plurality of passages 1734 therethrough of somewhat
larger diameter than the studs 1731, so that the plate
1733, although mounted on such studs, can be rocked
or tipped and advanced or retracted with respect to the
plate 1726. The plate 1733 is retained adjustable in any
selected projected, tipped or rocked position by a pair
of lock nuts 1736 and 1737, respectively, engaging the
studs 1731 and designed to be turned tightly against the
plate 1733, so that when all of the lock nuts 1736 and
1737 on all of the studs 1731 are appropriately tightened
in the adjusted position of ‘the plate 1733, the plate is:
firmly held as set. :
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To maintain a vacuum-tight connection between the
plates 1733 and 1726 in any relatively oriented position
thereof, the separation between the plates is spanned by
a corrugated, metallic, flexible bellows 1738. One end
of the bellows is secured, as by hard soldering, to the
outer face of the plate 1726, and the other end is se-
cured, as by hard soldering or by other suitable fasten-
ing means, to the inner face of the plate 1733.

The plate 1733 is not only provided with a central
aperture 1741, but is also formed with an annular flange
1742 designed to constitute, with the plate, a centering
groove for receiving a cylindrical mounting sleeve 1743
overlying and coaxial with a mounting tube 1744, pass-
ing through the aperture 1741 and of sufficient length
to extend from the atmosphere through the center of
the insulator 1708 to a point adjacent the wall 1667 of
the tank 1711,

The sleeve 1743 is united with the tube 1744 by a pair
of interposed rings 1746 and 1747, respectively, spaced
apart for good bearing support and fastened, as by weld-
ing or hard soldering, or the like, both to the sleeve
1743 and to the tube 1744. ' The ring 1746 and the sleeve
1743 fit firmly within the recess formed in the plate
1733, and are maintained in vacuum-tight relationship
therewith. The abutting surfaces are closely sealed by
a pair of deformable, annular sealing rings 1748, of
rubber or like material, contained in grooves formed in
the exterior face of the ring 1746. Any air leakage
at this point is rendered harmless by a pump-out passage-
way 1749 formed in the disk 1733 and leading radially
to a connection to a suitable vacuum pump.

To urge the ring 1746 and the plate 1733 into tight
engagement, and to deform slightly the packing rings
1748, there is provided a removable securing means.
This includes an internally threaded annulus 1750, re-
ceived upon cooperating external threads 1751 formed
on the exterior end of the tube 1744, so that the annulus
1750 can readily be turned upon or removed from the
end of the tube. The annulus 1750, at spaced intervals,
is pierced by threaded passageways 1752, each designed
to receive a machine screw 1753, having not only the
customary head but also a rounded eand adapted to be
seated in cooperating conical depressions 1754, disposed
at appropriate locations on the exterior face of the plate
1733,

With this arrangement, the annulus 1750 is turned
upon the threaded tube 1744 to a convenient distance
and to an angular location so that the machine screws
1753 are substantially in alignment with the depressions
1754 in the plate 1733, whereupon the machine screws
are tightened to draw the tube 1744 and the ring 1746
firmly against the supporting plate 1733, 'When the parts
are tightly connected, the tube 1744 is firmly mounted
mechanically and is positioned so that its axis is per-
pendicular to the general plane of the disk 1733, and
so that, consequently, the adjustment of the disk 1733,
by appropriate manipulation of the jam nuts 1736 and
1737, is effective correspondingly to position the axis of
the tube 1744.

In this fashion, the tube 1744 can be given an incline
with regard to the tank wall 1667, either in a vertical
plane, in a horizontal plane, or in any intermediate plane.
Furthermore, if all of the adjusting nuts 1736 and 1737
are changed in the same selected axial direction with
regard to the mounting studs 1731, the tube 1744 can
likewise be moved axially into and out of the tank 711. -

The motion of the tube 1744 is imparted to the tank
liner 1666 by virtue of a connection therebetween, formed
by a-connecting disk 1756 having a depression 1757
turned therein tightly to engage the end of the tube
1744, and secured thereto by hard solder or comparable
means. The member 1756 is provided with a ring or
series of apertures for the reception of a plurality of
studs 1759, anchored in a liner support 1760. The studs
are supplied with fastening nuts 1761 for pressing the
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member 1757 and a circular boss 1762 on the support
1760 into firm engagement. The liner support 1760
is a relatively thick, metallic, L-shaped member, having
the boss 1762 on its upright portion, and having a ra-
dially extending leg 1763 and an upright terminus 1764.
These parts of the support are fastened by soldering,
or otherwise, to the inside of the side walls and of the
bottom wall of the tank liner.

The engagement between the disk 1756 and the boss
1762 is made vacuum-tight by the provision of a ring
1785, of rubber or comparable deformable material,
arranged in an accommodating groove in the disk 1756.
Any leakage which flows to the interior of the tube 1744,
or any air molecules which are to be removed there-
from, are released through a pump-out aperture 1766
piercing the wall of the tube.

By the provision of the supporting devices 1693 and
1694 constructed in detail as described, the liner 1666
and its extension are adjustably mounted in position with-
in the tank 711 at an adequate insulating distance from
the enclosing walls of the tank, at an appropriate loca-
tion with respect to the ions traveling in arcuate paths
through the liner 1666, and in such a fashion that the
supporting devices can readily be removed when the liner
is to be withdrawn from the tank.

Removal of the liner and its appurtenances is accom-
plished by the removal of the plate 1701, the removal
of the annulus 1758, and the removal of the stem 1744
by dislodgment of the nuts 1761. Then, when either
the plate 712 or the plate 724 is removed, the liner
1666 and its extension 1676 can be rotated from op-
erating position within the tank 711 to a position ex-
terior of such tank, completely removed therefrom. The
reverse operation readily installs the liner within the
tank ready for subsequent operation.

During the operation of source structure considerable
heat is evolved and is transferred to the liner, and also
some of the ions impinge against the liner and give up
their energy to the liner in the form of heat. While it
is possible to construct a liner of material and in ac-
cordance with recognized schemes for aveiding additional
cooling means, I have in accordance with my invention,
particularly provided a fluid circulating system, pri-
marily designed for cooling the liner and its appurte-
nances, but being also available for the supply of heating
liguid.

This dual availability is made use of, since sometimes
when a liner is first put into a tank and is being evacuated
it accelerates the evacuation of the system to increase
the temperature of the parts very substantially, so that
occluded gases, surface films and the like are more quickly
dissipated. Tank heating during initial evacuation is
called “baking out” and is accomplished by the circula-
tion of hot liquid through the cooling system.

Following the reduction of pressure within the tank
to the desired value, the circulating fluid is reduced in
temperature below that of the tank and, in fact, becomes

- cooling fluid, so that localized overheating of any par-

ticular portion of the tank or of the liner is precluded
and so that, in general, the energy dissipated within the
tank in the form of heat is quickly carried away in the
cooling liquid. This prevents a rise in temperature gen-
erally, or at localized positions, and avoids the thermal
production of deleterious effects in the mechanism.

In accordance with the foregoing considerations and
pursuant to my invention, I preferably provide in the
outer end of the tube 1744 a plug 1767, fitting snugly
enough within the end of the tube to form a vacuum-
tight connection therewith. The plug serves as a fas-
tening base for a centrally projecting stud 1768, guiding
and supporting in place a connecting fitting: 1769 held
in ‘tight relationship with the plug 1767 by a fastening
nut 1771. A gasket 1772, interposed between the plug
1767 and the fitting 1769, precludes any leakage there-
between,
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The fitting is provided with an inlet passage 1773
(Figure 52) connected to any suitable source, not
shown, of cooling fluid, such as water, tnder the con-
trol of a regulating valve of any standard kind, not
shown, to regulate the flow of water or comparable
thermal liquid into the passageway 1773. Merging with
and forming a continnation of the passageway 1773 is
an interior passage 1774 defined by a tube 1776. This
is contained within the mounting tube 1744 to one side
of the center line thereof and at its opposite ends is
tightly sealed within the plug 1767 and in the disk
1756. )

At its inboard end, the passage 1774 is continued
by a passageway 1777 formed in the liner suppert 1769
and turning therein to be continued by a deformable tube
1778, of copper or like flexible material, secured in posi-
tion by being soldered or otherwise suitably fastened
to the adjacent structure of the tank liner 165§6. The
tube 1778 throughout as much of its length as possible
is united closely to the adjacent metal of the tank liner,
preferably by means such as solder, copiously applied
to increase the thermal path of conduction between the
parts. Heat is then more readily transferred from the
metal parts of the liner through the walls of the tube
to the fluid circulating therein.

The particular configuration or contour or arrange-
ment of the tube 1778 can readily be varied, within
limits, in accordance with the particular problems of
local overheating which may be encountered in different
phases or stages of operation, or with operation upon
different materials. That is to say, upon operation with
some materials there are not only two or three or four
main streams or beams of ions traveling through the
tank liner, but there are several additional side beams
or bands of much shorter path or of much longer path.
These side beams intersect the walls of the liner and,
in fact, are directly concentrated upon the walls, each
in a relatively restricted area. The location of each
area depends upon several factors, one being the par-
ticular materials utilized, another being the strength of
the magnetic field, and a further factor being the ac-
celerator voltage difference. All of these factors tend
to cause a difference in location of impingement of the
side beams upon the liner and may call for some re-
adjustment in the particular location and disposition
of the cooling tubes for the particular conditions of oper-
ation to be met.,

In the present instance, the tube 1778, particularly as
shown in Figures 51 and 52, is arranged on the side
walls 1667 and 1668 of the tank liner, as well as on the
top wall 1672 and the bottom wall 1673 thereof, the
arrangement being a generally meandering contour with
fair regularity, so that no extensive area of the tank
liner is left without a portion of the cooling tube being
directly attached to it.

Ordinarily, no portion of the cooling tube is provided
on the extended envelope 1692 of the tank liner, since
experience indicates that the extension does not acquire
an excessive temperature. On the contrary, it is found
that the transition liner 1676 is susceptible to local over-
heating and it is conveniently provided with a cooling
arrangement. - This is accomplished, despite the fact
that the section 1676 is removable from the liner 1666,
by the provision of an unanchored, relatively flexible tube
portion 1779, extending from the tube 1778 to a terminal
fitting 1781. )

The fitting 1781 is adapted to be tightly joined to a
cooperating terminal fitting 1782 forming part-of a local
circulation tube 1783, preferably formed of copper or
the like, and pursuing a generally meandering disposition
over the major surfaces of the transition section 1676.
The tube 1733 finally returns to the fitting 1782 and its
contents are discharged therethrough into a passage
formed in the fitting 1781, so that at this point a con-
venient disconuection is provided for use when the sec-
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tion 1676 is separated from the tank liner 1666. When
the members 1781 and 1782 are fastened together the
fluid circulation is continuous from the liner tube 1778
thence through the extension tube 1783 over the surface
of the extension 1676 and back to the liner tube 1778
again.

Eventnally, the meandering tube 1778 returns to the
support 1760 and connects through an aperture 1784
leading into the interior of a conducting tube 1786 dis-
posed within the tube 1744 and mounted between the
disk 1756 and the plug 1767. As an extension of the
interior of the tube 1786 anchored in the plug 1767, and
forming a continuation of the passageway through such
tube, is a passage 1788 in the terminal 1769. This pas-
sage is connected to any suitable conduit for carrying
away from the- structure the discharged fluid. As a
convenience, the passage 1788 can discharge through
the air into a receiving bucket, not shown, so that the
operator can be visually sure of a circulation of the fluid
through the cooling system at all times when such system
is supposed to be in operation.

By provision of the fluid circulating system, the tank
liner, particularly, and its appurtenant parts, can either

- be feadily brought up to a high temperature for baking-
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out purposes, or can be reduced from a high temperature
for preferred operating conditions. - In general, it is pos-
sible, in accordarice with the operation of this mecha-
nism, to maintain the operating temperature of the tank
liner and its appurtenances within very narrow limits,
substantially at a predetermined or selected temperature
of operation. The desired temperature is kept substan-
tially uniform throughout all of the parts of the liner
and thermal warping or distortion of the thin-walled
structure is precluded - despite what would otherwise
amount to localized overheating.

The fluid circulating system is, for the most part, lo-
cated within the interior of the tank 711 and therefore
is subject to the subatmospheric pressure existing and
maintained therein. Even with large-size vacuum pumps,
it is almost impossible to maintain anything approaching
the desired vacuum if there is water or fluid leakage from
the circulating system into the interior of the tank 711.
This is for the reason that even a small Hquid leak pro-
duces a very large amount of vapor or gas at the reduced

5 pressure and constitutes a serious source of pressure

difficulty.

Since I prefer, despite possible leaks, to utilize a liquid
circulating system, I also provide means for overcoming
any possible difficulties due to leakage at the connecting
parts of the liquid circulating system. For this reason,
there is provided in the fitting 1769 a passageway 1789
connected to any convenient part of the vacuum system,
and connected to the interior of an evacuating tube 1791,
extending through the tube 1744 and firmly mounted at
its opposite ends in the plug 1767 and the disk 1756,
respectively. - A connecting passageway 1792 is provided
in the disk 1756 and in the boss 1762, so that a con-
tinuous path-is provided through the wall 1667 to a tube
1793.

Adjacent the junction of the disk 1756 and the boss
1762 and within the gasket ring 1765, any liquid leakage
flows immediately into the interior of the passageway
1792 and is withdrawn into the vacuum mechanism so
that it is removed very quickly and is not permitted to
escape to any portions of the tank interior where delete-
rious effects might be caused. The tube 1793 extends
across the tank liner (Fig. 51) and to the fittings 1781 and
1782. The interior construction of these fittings is sub-
stantially the same as that of the disk 1756 and the boss
1762, so that any leakage transpiring at the point of
connection between the separable fittings 1781 and 1782
is immediately discharged into the evacuating tube 1793
and is removed from the vicinity of the tank.

Since all the connections within the tank where the
liquid lines are susceptible to leakage are provided with-
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immediate and direct drainage connections to the evacuat-
ing system, no substantial difficulty can be experienced
with leakage at those connecting points. In fact, a small
amount of leakage or minor discharge of cooling liquid
through these joints is taken care of completely by the
vacuum drainage system and affords no operating diffi-
culty.

From the source where they are heterogeneously inter-
mixed, the ions stream through the liner 1666. There is
a characteristic curved path for each ion, depending large-
1y upon its nuclear mass. Consequently, the sundry ions
having the same charge segregate themselves to follow
paths different as their nuclear masses are different. The
myriads of ions in a path constitute a beam. Each beam
is ideally comprised solely of ions all of a specific nuclear
mass and differing in nuclear mass from the ions of other
beams. As they progress through the liner, the distinc-
tively curved beams follow increasingly separated paths.
Near the liner exit, each beam is narrowly focused in a
restricted area sharply isolated from comparable areas
wherein other, related beams may be similarly focused.
The particular position in the tank of any one of the ion
beam focusing areas at any one time is dependent upon
several factors, the most pertinent being the sirength of
the magnetic field, governing path curvature, other fac-
tors being equal, and the voltage drop between the source
and the accelerator, governing the amount of energy im-
parted to the traveling ions and thereby governing focus
area location, other factors being equal

" While the magnetic field can be varied from time to time
in order to alter the path curvature of any particular ion
beam, it is usually easier to maintain the field approxi-
mately, or as nearly as possible, at a constant value, and to
vary the voltage drop between the source and the accelera-
tor. This, consequently, produces a corresponding varia-
tion in the terminal position of any selected beam. Al-
though for particles having the same charge the positions
of the various beams relative to each other are established
or fixed in accordance with the mass difference in the ion
nuclei being transported, and although the variation in
accelerator voltage drop will vary the position of all of the
various ion beams as a unit or simultaneously, it is never-
theless at present easiest for purposes of control and ad-
justment to select one of the major beams and to adjust
the accelerator voltage conditions in such a way that the
selected beam is positioned in a predetermined location.
If this is done, the remaining beams necessarily are simul-
taneously adjusted to lie in' corresponding, established
positions.

As a point of practical operation, it is considered at the
present time to be somewhat easier to adjust a beam so
that it falls in a predetermined location prior to the actual
collection “of material from such beam, since the adjust-
ment entails merely the reading of an electric current and
does not entail observation or determination of the quan-
tity of material disposed in any particular location. Cur-
rent readings, consequently, being of a genérally instanta-
neous nature, can readily be analyzed without appreciable
time delay, so that the beam can be positioned as desired
very quickly and with a minimum of difficulty. Follow-
ing the adjustment of the beam into a desired or predeter-
mined location, the beam can be continuously operated in
that location until an adequate amount of material has
been deposited at the selected place.

In many respects it is difficult to distinguish between
measuring currents of electricity due fo the completion of
their path travel by ions of an isotope, for example, and a
deposit of such isotope comsidered as material. An in-
dividual ion arriving at a location whereat it can dejonize
or neutralize or be combined with a supplied electron
again to form a neutral particle, is detectable by an elec-
trically responsive instrument affected by the electron sup-
ply. - Also, the neutralized ion is a minute particle of the
material being considered. Conversion of a positive ion
to a neutral particle requires an electron to move into com-
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bination with the ion. . Such electron motion constitutes a
minute electric current. A small group of these flowing
electrons comprises an electrically detectable occurrence.
But while ion neutralizations are electrically detectable
even in very small numbers, the resulting neutral particles
are too meager to be observed as accumulated material.

Furthermore, it is entirely possible that an ion can com-
bine with an electron, the latter actuating an electrically
responsive device to indicate an electron current, and yet,
when the electron has combined with the ion, the resulting
neutral particle can leave or may be driven away from the
position at which the combination took place. It cannot
be found at that location upon search for a mass of de-
posited material. In this circumstance, there is an elec-
trical indication tending to indicate that the material is
being collected in quantity, yet no quantity of material
does, in fact, collect. It is consequently necessary to
make a distinction between receivers effective to receive
ions and to permit them to combine with electrons to af-
ford an electrical indication of the supplied electric cur-
rent, and collectors of a-different nature, effective to do all
of these things but, in addition, also effective to retain a
sufficient number of received ions so that when neutralized
they are lodged in the expected position as a weighable
mass of material and can later be removed and handled
or treated as any quantity of macroscopic material.

In view of the foregoing, it is possible to provide a re-
ceiver .merely affording electric current measurements.
Such a receiver is very useful in adjusting and setting up
the separating apparatus for operation, but the receiver
is not effective as a collector to retain and hold any quan-
tity of material in received loeation. While a collector,
as distinguished from a mere receiver, is capable of doing
all a receiver can, in addition, it actually retains material
in received situs. The design considerations for a col-
lector are quite different from those for a receiver and I
have found it proper to design collectors and receivers as
two different types of apparatus, one especially for use in
current measurements and for adjusting purposes, and the
other especially effective in retaining separated materials
in received position.

As an example of the first type, of a receiver, there
is shown in Figures 54, 55, 56 and 57 a device adapted
to be mounted on the face plate 724 and especially
arranged for reading ion beam neutralizing currents in
the receiving region of the tank 711. This device in-
cludes a receiver head 1801, situated within and secured
to the liner envelope 1692 so that the envelope is sup-
ported and moved with the receiver, there being suffi-
cient clearance between the plate 1689 and the liner
718 for the purpose. In accordance with my invention,
I provide means for adjusting the position of the col-
lector head 1861 throughout a relatively wide range in
several directions, although the entire collector mecha-
nism is supported on the removable face plate 724 so
that the structure as a unit can be installed in or removed
from the tank 711.

In order to achieve these ends, the face plate 724 is
provided with an enlarged aperture 1802 continued by
the central bore 1803 of a mechanical support and elec-
trical insulator 1804, of ceramic or comparable material.
The ceramic insulator 1864 is similar to the previously
described insulator 1831 both as to structure and means
for mounting. The insulator 1884 is thus mounted at
one end on the face plate 724 and at the other end on
a plate 1824, In this manner there is provided commu-
nication, through a central aperture 1826 in the plate
8124, with the chamber 711. When, however, all of the
parts associated with the insulator 1804 are assembled, a
vacuum-tight, electrically insulated, mechanical support-
ing arrangement is afforded.

It is comsidered advisable to provide an adjusting or
orienting mechanism so that a supported receiver or
collector can be positioned with its axis diverging in any
direction from the axis of the insulator 1804. - Conse-
quently, projecting from the plate 1824 is a plurality
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of studs 1828, each having one end threadedly engaged
in the plate 1824 and firmly anchored therein by an
associated lock nut 1829. Resting upon the plurality of
studs 1828, but with a somewhat loose connsction
afforded by enlarged apertures 1831 therethrough, is an
adjusting disk 1832. Because of the enlarged- apertures
1831 the disk can be rocked with respect to the plate
1824 into a position entirely parallel to such disk, or
into any one of mumerous positions inclined to such
plate in any direction and at any angle within rather
wide limits. The selected position of the plate 1832 is
maintained by a pair of jam nuts 1833 and 1834, respec-
tively, -threaded upon the studs 1828 and screwed into
engagement with the disk 1832.

Ta accommodate the relative movement during adjust-
ment between the plate 1824 and the disk 1832, yet to
maintain a vacuum-tight relationship therebetween, I
provide a flexible metallic bellows 1836 between such
members and secure one end of the bellows within an
accommodating groove 1839 in the disk 1832 and secure
the other end of the bellows in an accommodating groove
1841 in the plate 1824, the connections being afforded
in each instance by hard solder or comparable fastening
means.

Supported on the plate 1832 is a mounting tube 1842.
One end of the tube is firmly mounted in a recess 1843,
concentrically turned in the disk 1832, and is fastened
in position by hard solder or comparable means, so that
the mounting tube 1842 is, in effect, integral with the
plate 1832 and partakes of the motion thereof. Adja-
cent its other end, the mounting tube 1842 is seated.in
a groove 1844 in a collar 1846 and is secured to the
- collar by soldering or comparable securing means. Held
in abutment with the collar is an end plate 1847, form-
ing part of the structure of the envelope 1692. A
series of machine screws 1848 passes through the plate
1847 and into threaded engagement with suitably tapped
recesses in the collar 1846, so that the plate 1847 is
unitarily movable with the tube 1842 and the plate
1832. The periphery of the plate 1847 receives a plu-
rality of fastening devices 1849, such as machine screws,
detachably holding the envelope 1692 in place so that
this envelope, as well as the plate 1847, forms an inte-
gral unit with the mounting tube 1842, Partaking of
the mounting tube movement is the current receiver 1861
supported on a receiver tube 1851, slidably held by the
collar 1846 and by the cylindrical interior surface of
the annular disk 1832, so that motions of the mounting
tube 1842 are imparted to the receiver tube 1851, but
relative sliding is permitted. Consequently, by appro-
priately positioning the plate 1832 and by manipulation
of the jam nuts 1833 and 1834, the transverse and ver-
tical angular position of the receiver 1881 and its enve-
lope 1692 can readily be established in any desired loca-
tion with respect to the axis of the.insulator 1804.
the receiver can be positioned precisely with respect to
a beam.

‘T have found it very advantageous to be able to move
the receiver 1801 into and out from a theoretically ideal
position within the tank 711; that is to say, according
to the diagrammatic disclosure in Figure 21, it is appar-
ently preferable to have the receiver 1891 located 180°
from the arc chamber 621, or comparable source of
ions. While this is true so long as the source is con-
sidered as a peint or line, it does not necessarily follow
wheu the source is an area or volume such as a columnar
arc. In practice I have found that optimum results are
obtained under varying conditions of operation by mov-
ing the coliector 1801 into and out of the tank so that
its position, although approximately 180° from the ion
source, is either more or less than that amount in numer-
ous instances, The most advantageous position is there-
fore normally found by a trial and error adjustment of
the receiver in- a direction into or out from the tank,
that is, axially toward or away from the wall 724,

Thus, &
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For the foregoing reasons, the receiver tube 1851 is
made controllably slidable within the mounting tube
1842, that is, translatable along its axis in either direc-
tion, and in order-to preserve the vacuum-tight integ-
rity of the tank I provide a vacuum seal between the
tube 1851 and the mounting tube 1842. The disk 1832,
surrounding its central opening, is outwardly flared to
form a conigal support 1852 for positioning a deform-
able gasket 1861, such as a rubber disk. The gasket
is held by a washer 1862, having a plurality of radial -
apertures 1863 therein leading to a peripheral groove
1864 aifording communication from the interior of the
seal to a pump-out passage, not shown.. A second de-
formable washer 1866 overlies the comical washer 1862.

The entire seal assembly is compressed by a gland
1867, loosely fitting over the tube 1851 and slidably dis-
posed within a collar 1863 seated in a groove 1869 turned
in the outer face of the disk 1832. The collar is secured
therein by hard solder or comparable means. . Machine
screws 1871 pass through receiving apertures in the gland
1867 and engage with the threads of suitably threaded
apertures in the disk 1832. By the provision of this
mechanism, I afford a construction permitting free axial
sliding motion of the receiver tube 185%, while at the
same time preserving a vacuum-tight connection.

In order to move the receiver tube 1851 axially with
respect to- the remaining part of the structure, the disk
1832 is, in effect, extended by four tubular struts 1872,
symmetrically arranged around the tube 1851 and at
their inner ends firmly anchored to the disk 1832. At
their outer ends, the struts.are as firmly anchored in a
journal plate 1873 (Figure 54). The plate 1873 in
effect forms a supporting unit with the disk 1832 and
partakes of all of the motions of such plate with respect
to the insulator 1804.

Interposed between and parallel to the side pairs of
the struts 1872 are two adjusting screws 1874 and 1876,
respectively, threaded for substantially their entire length
and confined agajnst axial translation and for rotation
only by suitable mountings in the disk 1832 and the
plate 1873, At its end adjacent the disk 1832, each of
the screws 1874 and 1876 is reduced in diameter to
receive the inner race 1877 of a ball bearing, generally
designated 1878, and including a plurality of antifriction
balls 1879 running in an outer race 1881. The outer
race is pressed intc a .receiving socket 1882 sunk in the
outer face of the disk 1832, so that there is provided by
this means an antifriction mounting for the screws 1874
and 1876 at their innermost ends.

Adjacent their outer ends, each of the screws 1874
and 1876 is enlarged to form a plain bearing 1883 jour-
naled in a receiving bore 1884 piercing the plate 1873
and affording a bearing mounting for the outer end of
the screw shaft. The screw 1874 is extended by a re-
duced spindle 1886, at its outer end carrying a manipu-
lating knob 1887 secured in position by a pin 1888 pass-
ing through the knob and the spindle. A bearing bridge
1889 forms a journal support for the spindle 1886 and
at its opposite, spaced ends abuts the plate 1873. The
bridge is fastened to the plate by a pair of ‘machine
screws 1891, :

Quite similarly, the screw shaft 1876, at its outer ex-
tremity, is provided with a spindle 1892 carrying a
manipulating knob 1893, held in place by a through-pin
1854, and is journaled in a bridge 1896. The spaced-
apart bridge ends are secured by fastenings 1897 to the
mounting plate 1873. By the provision of this mech-
anism, there is afforded means so that rotation of the
manipulating knob 1887 rotates the screw 1874 and ro-
tation of the manipulating knob 1893 rotates the screw
1878. )

While the structure is satisfactory as described, I pref-
erably provide means for insuring that the two shafts
1874 and 1876 are always rotated in unison and so that
rotation of either of the knobs 1837 or 1893 will produce’
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a similar rotation in unison of the shafts 1874 and 1876.
Consequently, there is secured to the spindle 1886. by
4 pin 1898, a spur pinion 1399, spanned by the bridge
1889 and meshing with a spur gear 1901, The gear
1901 is rotatable upon a ring 1302 seated within a depres-
sion 1993 formed in the outer face of the plate 1873 and
firmly secured thereto by fastenings 1904. A flange 1546
on the ring 1992 overlies part of the geéar wheel 1901
and, together with the plate 1873, confines the gear

against axial displacement, while permitting free rotation |

thereof. Meshing with the gear whee! 1981, just as the
pinion 1899 meshes therewith; is a pinion 1987, con-
nected to the screw shaft 1876 by a pin 1988. With this
gear train, rotation of either of the spindles 1886 or 1892
by either of the knobs 1887 or 1893 produces a simul-
taneous and equivalent rotation of the screw shafts 1874
and 1876. i

Advantage is taken of the rotaticn in unison of the
shafts 1874 and 1874 to provide a balanced translating
force for sliding the receiver tube 1851 axially into and
out from the tank. Riding on and threadedly engaging
both the screws 1874 and 1876 is a transverse carriage
1939 - (Figures 54, 56 and 62), bodily transiated when
the screws 1874 and 1876 are rotated. The carriage
1968 is formed with a centrzl; circular boss” 1913, At
diametrically opposite sides of the boss are seated a pair
of retaining clips 1912, fastened to the carriage 1999 by
u plurality of machine screws 1913. Axially confined
between inturned fianges 1914 on the clips 1912 and the
face of the boss 1911 on the carriage 1909 is a plate
1916; mounted on and firmly secured to the tube 1851
by a clamp bolt 1917 pinching together the upper, split
portion of the piate, so that the plate 1916 and the tube
1851 necessarily partake of the same motions. ~ Since
the plate 1916 is confined axially to move with the car-
riage 1909, the carriage, as it is compelled to travel by
rotation of the screws 1874 and 1876, comparably com-
pels travel of the tube 1851, In this fashion, the tube
is .advanced and retracted pursuant to rotation of either
of the knobs 1887 or 1893,

A further manipulation of the tube 1851 is afforded in
that the tube is made rotatable about its own axis so that
the receiver 1801 can be inclined at any desired angle
within rather wide limits, or can be accurately positioned
in a precisely upright orientation. The rotation of the
tube 1851 is accomplished by rotating the plate 1916
about the axis of the tube. For this reason, the plate
1916 is provided with a depending portion extending be-
tween the two lowermost of the struts 1872.. The plate
is bored out to provide a recess 1918 receiving a fixed pin
1919 substantially rigid with the depending portion.

The pin extends from the plate 1916 to pass through
a bore 1921 in a transverse plug 1922 journaled at its
opposite ends in the side walls 1923 and 1924, respective-
ly, of a slide 1926. The central, enlarged portion of the
slide is provided with a transverse channel 1927 to accom-
modate swinging motion of the pin 1919. ‘The slide 1926
at one end is formed as a circular cylinder 1928, adapted
to'slide in a bearing block 1929 upstanding from the face
of the plate 1909. The block is attached to the plate by
fastening devices 1931 and locating pins 1932.

The other end of the slide 1926 is provided with a
threaded extension 1933 passing through and supported
by a pair of bearing blocks 1934 and 1936, respectively,
tipstanding from the face of the plate 1909, The bearing
blocks are secured in position by fastening devices 1937
and locating pins 1938. Thus, the slide 1926 is guided
by the bearing blocks 1929, 1934 and 1936 to move in
a rectilinear path transversely of the plate 1909. During
this time, the plug 1922 rotates slightly and the extension
1919 is swung in an arc about the axis of the support tube,
the range of rotation of the plate 1916 being established
by the bearing block 1936 at one end and by the bearing
block 1929 at the opposite end.

In order to produce transverse translation of the slide
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1926, the threaded extension 1933 thereof is engaged
by the comparably threaded interior of a worm wheel.
1939 held in position between the bearing blocks 1934
and 1936 by an integral collar 1941 on one side and by
a separate collar 1942 at the opposite side. The worm
wheel 1939 is in mesh with a worm 1943 mounted upon
and integral with a driving shaft 1944 journaled at one
end in the carriage 1299. At the other end, the shaft
1944 is journaled in a plate 1946 held by the fastenings
1937 in a position spanning the bearing blocks 1934
and 1936.

A manipulating knob 1947 is mounted on the shaft
1944 so that upox rotation of the knob the shaft and worm
likewise rotate, This causes the worm wheel 193% to
rotate and thereby displaces the slide 1926, thus swinging
the plate 1916 and the receiver tube 1851. By the pro-
vision of this mechanism, therefore, I afford a means effec-
tive accurately to rotate the receiver tube and, more par-
ticularly, to hold the receiver tube in any selected angular
position within the range of motion permitted by the
siructure. . By the provision of non-overhauling worm and
wheel driving mechanism, there is assurance that the im-
position .of even severe forces upon the receiver tube or
upon the receiver itself will not dislodge those elements

rom any adjusted position.

By appropriate manipulation of the adjusting jam
nuts 1833 and 1834, by appropriate manipulation of either
of the knobs 1887 or 1893, and by the appropriate manip-
ulation of the knob 1947 the mounting tube 1842 and
the receiver tube 1851 can be positioned at any desired
angle either vertically or horizontally with respect to the
axis of the supporting insulator 18¢4, can be moved in
a direction toward or away from the mounting plate 724,
and can be rotated throughout any desired angle within
the limits of the structure about the axis of the receiver
tube 1851. These adjustments can be made either singly
or in any desired combination so that the receiver head
1861 can be appropriately disposed in any desired or pre-
determined location within the tank 711.

The receiver mechanism, movable with the receiver
head 1861 and included therein, is, in the present instance,
particularly designed for the reception of ions and the
measurement of electric current incident upon the recep-
tion thereof. It is also, in the present instance, especially
designed for the reception of a single-ionic beam. It is,
therefore, provided with a pair of metal face plates 1948
and 1949 (Figures 55 and 57), spaced apart to define a
central slot 1950. Each of these at its upper and lower
edges is formed with a strengthening flange 1951. The
face plates 1948 and 1949 are mounted on a plurality of
insulators 1952, spacing them accurately from but con-
necting them for support to a metal base plate 1953. Sur-
rounding and secured to the base plate is a metallic side
wall 1954 extending toward but spaced from the face
plates 1948 and 1949 to constitute an enclosure for the
interior receiver mechanism.

The base plate 1953 is detachably secured to a flange
1956 extending radially outwardly from and secured to
the receiver tube 1851 by means of hard solder or other
suitable fastening means. The end of the tube 1851 is
formed with a channel 1957 for the reception and align-
ment of the flange 1956. A number of fastening devices
1958 pass through the flange 1956 and engage the base
plate 1953 so that the receiver head 1801 is removably
secured in place upon the receiver tube 1851, it being
contemplated that receivers and collectors of various dif-
ferent types may be mounted upon the tube 1831, each
being suitably contoured to form a connection with the
flange 1956. The two plates 1948 and 1949 are thus
firmly supported upon the receiver tube 1851, with the
slot 1959 central with respect to the axis of the tube 1851
and in precisely the desired location to admit any selected
ion beam or any selected portion of an ion beam.

Ions approaching the receiver in the predetermined lo-
cation pass through the slot £950 between the plates 1948
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and 1949 and are received on a subjacent metallic plate

1961.  The plate 1961 extends for substantially the full
length of the face plate slot 1950 and is supported in the
desired position with respect thereto by suitable electric
insulators 1962. These are properly spaced and mounted
upon the base plate 1953 with fasteners 1963 to locate the
plate. 1361 not only with respect to the base plate 1953,
but also with respect to the plates 1948 and 1949. The
plate 1961 is supplemented by a pair of side angles 1964
and 1966, respectively, securely fastened to the plate 1961
and at the ends of the plate connected by bridges 1967
and 1968, respectively, forming end walls for the plate.
Between the upstanding end walls 1967 and 1968 of the
plate 1961 and the rear face of the plates 1248 and 1949,
the side walls 1954 of the receiver are supplemented by
inwardly projecting rims 1969.

Material flowing through the slot 1959 is appropriately
intercepted by the subjacent plate 1961. Since this plate
is electrically insulated from both of the face plates 1948
and 1949, as well as from the remaining portions of the
receiver (such as the base plate 1953), it is feasible, by
appropriate electrical connections and devices, to read the
electric current flowing in the plate 1961 by reason of ion
reception and neutralization thereon. In the main, the
receiver as so far described is adequate for ordinary pur-
poses. By appropriately adjusting or orienting the posi-
tion of the receiver, or by varying the factors affecting the
ion beam position so that the beam itself moves over the
face of the receiver, it is possible to get ion beam current

readings and to determine the relative relationship of the %

receiver to the beam or any selected portion thereof.

In some instances, it is desirable to read currents not
from the entire height of a selected beam, but rather only
from a vertically restricted or limited portion thereof,
and for use in such instances the plate 1961 is modified.
It is not entirely continuous and uninterrupted, but rather,
adjacent its center it is pierced by a relatively narrow slot
1971, of limited height. Only a narrow beam or a nar-
row beam portion and a relatively small part of the ver-
tical expanse of the beam can pass through the slot 1971.
The ions passing through the slot 1971 come into contact
with a receiving cup 1972. This is a metallic or electri-
cally conducting device formed of a peripheral rim 1973
securely fastened to a base disk 1974.

The cup 1972 is not connected to surrounding parts of
the receiver, but is held in position in the desired location
by being fastened by a machine screw 1976 to one end
of a supporting and electrically conducting rod 1977.
The rod passes axially through the center of the receiver
tube 1851 and in its central location is supported by an
insulating disk 1978 pressed into the interior of the tube
1851. The rod 1977 is held in location with respect to
the tube 1851 by a pair of collars 1979 and 1981, respec-
tively, fastened by setscrews 1982 to the rod.

Continning through the length of the tube 1851 to the
exterior end thereof, the rod passes through and is insu-
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lated from an end plug 1983 (Figure 54). The plug has -

a peripheral groove 1984 fitting into and joined, as by
hard solder, to the end of the tube 1851. To preclude
leakage of air along the rod, there is provided a series of
insulating, packing disks 1986, received within a cup 1987
bored in the central portion of the plug 1983 and inte-
riorly threaded to be engaged by the exterior threads of
a packing plug 1988. When tightened, the plug 1988 is
effective to force the packing disks 1986 into close en-
gagement with the rod 1977 to preclude leakage at that
point. An insulating sleeve 1989 is interposed between
the packing plug 1988 and the rod 1977.

The rod is, in effect, held in stationary, central location
within the receiver tube 1851 without danger of leakage
and with appropriate electrical insulation. The terminal
of the rod 1977 is equipped with a machine screw 19931
provided for the connection of an electrical conductor, so
that current flowing through the cup 1972 can also be
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transmitted through suitable registering or indicating de-
vices, not shown. o .

The reception of ions by the various plates 1943, 1949,
and 1961 is normally accompanied not only by a flow
of electric current characteristic of the amount of fon
neutiralization. on each of those plates, but is also accom-
panied by the conversion of a great deal of energy into the
form of heat. Unless conducted away, the incident heat
is destructive of the apparatus.

In accordance with my invention, I therefore preferably
provide means for supplying each of the plates with a
cooling fluid or liquid, preferably circulated at a sufficient
rate to maintain the temperature of these parts below a
selected maximum value and for including each of the
several plates 1948, 1949 and 1961 in a separate elec-
trical circuit in order that the current to each may be
separately indicated or registered. For these two rea-
sons, a metallic, tubular conduit 1992 (Figure 54) . is
passed through the end plug 1983 and is surrounded with
a packing structure 1993 comparable to the packing 1986.
The outer end of the conduit 1992 is provided with a pipe
connection 1994 for the reception of any standard form
of pipe joint effective to supply a cooling liquid to the
conduit 1992." The conduit end is also provided with a
disk 1996, of metal or other electrically conducting ma-
terial, so that a wire can be attached to it for inclusion
of the conduit 1992 in an electrical circuit,

After it passes through the packing 1293, the conduit
1992 extends throughout the length of the tube 1851 and
passes through the insulating disk 1978 (Figure 55),
then turns to lie closely adjacent the center of the plate
1949, The conduit is thermally and electrically united
by copious amounts of solder, or by other comparable
fastening means, to the plate. From ciose to the middie
cf the plate, the conduit 1992 extends to a point near
the bottom of the plate, whereat it makes a loop, extends
upwardly, and is always in contact with such plate to a
point adjacent the top thereof. It then makes a return
Icop, constituting a return extension 1997 of the conduit
i992. This passes downwardly toward the center of the
plate and finally turns away from the plate to enter the
tube 1851, Therein it passes through the insulator disk
1978, traverses the full length of the tube . 1851, and
eventually emerges from the tube for connection to a re-
tura liguid line.

Ina somewhat comparable fashion, at the opposite
side, syrametrically, of the end plug 1983, there are pro-
vided the lower, supply Jeg 1938 and the upper, return
leg 1999 of a conduit provided with end fittings 2001 for
connection nto a liquid cooling circuit and into an elec-
tric circuit. These legs are likewise provided with pack-
ing glands 2662 where they pass through the end plug
1983 and extend for the entire length of the tube 1851,
appropriately passing through the insulating disk 1978.

~ Upon emerging from the tube 1851, the conduit legs are

curved into immediate proximity with the plate 1248
and form a virtually closed, elongated loop. As com-
pletely as possible, the legs are securely soldered. to. the
back of the plate 1948 and extend for approximately the
full length thereof, so that fluid passing into the supply
leg 1598 loops around in back of the plate 1948, absorb-
ing heat therefrom, and emerges through the return
leg 1999, .
Similarly, another pair of fiuid conduijt legs 29903 and
268415 provided. Bach cf them has a suitable cooling
liquid connector 2686 at its external end and js equipped
with a packing structure 2067 where it passes through the
end plug 1983. The iegs 2003 and 20604 longitudinaily
traverse the inierior of the tube 18571, being disposed
therein just above and just below the rod 1977. The two
conduit legs 2063 and 2084, after traversing the length of
the tube 1851 and passing through the insulating disk
1978, turn in opposite directions and form a fla loop
transversely of the tube to lie closely against the rear
face of the plate 1961, The conduit loop is thermally
and ¢leetrically vnited to the plate by hard solder or
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other convenient sectring means, so that hedt. évolved
in the plate 1961 is readily transferred. to “the- conduit
loop, and so that-ihe liquid circulating through the legs
2003 and 2004 is effective to carry away the heat. At
the same time, the conduit is effective to serve as an elec-
trical conductor, so that the plate 1961 can be included
in a circuit having imdicating or registering devices
therein, S o

By the provision of the electrically isolated plates 1948,

1949 and 1961, electrically distinct from each other and ;

from the remaining parts of the receiver structure,-such
as the tube 1851 and the base plate 1953, ‘there is ai-
forded means for ‘separately indicating the electrical con-
ditions produced in different locations by the local action
of -sundry portions of the ion beam -or beams striking
those parts of the receiver. The ions neutralizing in the
various portions of the collector by acquiring electrons
thereat cause corresponding currents to flow, and by com-
paring the several currents it is possible to derive consid-
erable information concerning the on beam or beams.
' By utilizing the manipulating or adjusting mechdnism
for moving the receiver appropriately, or by leaving the
receiver ' stationary and appropriately moving the “ion
beam or beams, it is possible to explore the different
beam Iocalities or, in effect, to sample different cross-
séctional regions of the beam or beams and by -appro-
priate correlation of the electrical indications io make
the desired adjustments or regulations of the beam or
beams of the receiver, or of both. Furthermore, either
a relatively large, average sample of the beam may be
used for obtaining a reading by utilizing the current in
the plate 1961, for example, or a relatively ‘minute sam-
ple. may be used for a reading ‘by taking-the current
from, the cup 1972. If the beam is not well located on
the receiver, a substantial difference in reading between
plates 1948 and 1949 will afford information of this con-
dition. o

In short, by provision of a receiver effective to re-
ceive very heavy ion currents and to receive parts of
them separately, and by provision of a mechanically ad-
justable receiver movable in various directions and in
various amounts, T have provided a structure useful in
determining the beam conditions existing in the receiver
region of the separator and in indicating the appropriate
adjustments or changes necessary oOr desirable for pre-
ferred, operation. ‘ : :

Careful exploration of the terminal portion of the
beams arriving in the receiver region, particularly with a
receiver of the type just described, indicates that the
simple, geometrical concepts of the beams and of the
beam paths and of their locations and relative arrange-
ments, while fundamentally true, are not always pre-
cisely achieved in practice. If the ion source is operated
at a low output in relation to its full capacity; if the
horizontal angular divergence of .the particles leaving
the source. is small; if the vacuum conditions are favor-
able; if the arc is steady; and if the. magnetic field is
uniform, it is possible, in the receiver or target region
{0 measure 2 beam cross section electrically. This yields
a cross section cofistituting a close reproduction_or im-
age of .the rectangular ion source in a location appro-
priate to identically charged ions of a certain nuclear
mass only. Careful medsurement shows the receiver im-
age to have rather sharp boundaries, a height' about 'the
same as that of the source, and a width a little greater
than that of the source. It can be concluded that there
is little or no vertical divergence of the beam and only
a small amount of horizontal divergence thereof.
" Exploration of a receiver image shows that within its
boundaries it is comprised ratber uniformly of identically
charged jons all of the same .nuclear mass.” Only a
negligible quaritity of ions of other nuclear masses are
present. ~This indicates an. almost complete segregation
of ions of one kind (one nuclear mass) from. ali other
particles present at the source or encountered en route
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through the tank. This is a practically complete ‘sépara-
tion and constitutes’ the removal of one material, -for
example, one isotope, from all other materials, or isotopes,
no matter how heterogeneously intermixed they may
have been previously. '

The consistent uniformity of the receiver image in iden-
tically charged ions of but one nuclear mass persists up
to the image boundaries, but just outside the boundaries
the situation is abruptly changed and of the various iden-
tically charged ioms exteriorly detected, virtually none
are of the one, particular nuclear mass.
. Further transverse - exploration can bs carried out
either by moving the. receiver transversely toward or
away from the source and hencé transversely with re-
spect to the beams at the receiver region, or by changing
the ‘ion accelerating voltage and thereby causing the'
beams in succession 'to traverse or sweep over the sta-
tionary receiver. In either case, the image comprised
of identically charged ions all of the first nuclear mass
is removed from centralization upon the receiver ‘and a’
nondescript intermediate reception occurs until in 2 pre-
determined position spaced from ‘the first image another
beam image is centralized upon the receiver. This sec:
ond image, like the first, is virtually a sharply defined re-
production of the ion source. It'is comprised almost en-
tirely- of ions having charges identical to those in the’
first 'image but having a second nuclear mass distinct
from: the first nuclear mass, being rather well concen-
trated within the second image, and not being found else-
where in significant quantity. Here again is an almost
comiplete isolation and separation from previous environ-
ment of identically charged ions nearly all of a second,
distinctive nuclear mass. ‘They are uniformly distributed
within their image boundariés and are but sparsely dis-
tributed efsewhere. °© - - 7 -

Further relative traverse of the receiver and beams re-’
veals still a third sharply defined image comprised al-
most solely of identically charged ions of a third nuclear
mass not elsewhere detectable in quantity. So can be
found a fourth image and a fifth and even more, each a
well defined segregation of identically charged ions of a
distinctive nuclear mass characteristic of the image loca-
tion and not found elsewhere, each image being discrete,
with its lateral boundaries well spaced from the lateral
boundaries of adjacent images. Of course, if identically
charged jons of but one or two nuclear masses are the’
only ories introduced, but one or two images may- résult.
The usual case described involves images due to several
nuclear masses, to muitiply charged ions, and 'to ionized
compounds.” Fifteen or twenty distinct images are not
unusual, ' ‘

The orderly array ‘of sharp, separated. images is not
always attained. Many circumstances, such as transmis-
sion o_f very dgnse ion beams, wide ion divergence from
the-souirce, ion scattering due to collisions in'the beams,
undue Variations in ion energy, irfegularities in the mag:
netic field, local scattering or spuitering in and adjacent
the receiver, -all tend fo blur the images. This means
tpat an ion destined for one image may fall a little out-
side it or perhaps may fall in another, wrong image en-
tirely. - As the blurring or defocusing gets more acute,
the images, in effect, diffuse. into their neighbors.. Then
a traverse of the receiver no longer shows spaced; sharply
defined images. . Rather, a traverse shows varying inter-
mixtures of icns with the density or concentration .of a
specific ion increasing or being greater in the image loca-
tion of that jon. There is a varying concentration,
greater in the predetermined location and gradually fall-
ing off either side thereof as neighboring ion concentra-
tipns increaseé. It can’'no longer be said that all of the
identically charged ions of a certain nuclear mass are
within an . image boundary and that none are outside
it. It can only be said that the intermixed identically
charged ions at the receiver are in certain locations en-
riched in ions of a particular nuclear ‘mass.
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If the enrichment is perfect, the situation is identical
with a perfect image With blurred, merging images,
the enrichment is less than perfect. In fact, enrich-
ment can diminish through all degrees until the ion con-
centration of a particular nuclear mass is the same
as in the original material. Then there is no enrich-
ment. If the concentration is diminished even farther,
and it readily can be, an actual impoverishment results.
The concentration of ions of a specific nuclear mass
then is even less than in the original material.

Sharp images, maximum- earichment seem to go with
processing at a slow rate. If the amount of material
processed or the rate of processing are greatly increased,
the degree of enrichment decreases. The choice is be-

tween smal ion beams with sharp images and maximum,

enrlchmen* or large, wide ang'e ion beams with blurred
images and less than maximum enrichment. The rela-
tionship is not sxmpxe It sems to be that a small reduc-
uon from maXImum in the degree of enrichment permits

a large increase in the quant;ty of material separated.
In practice, a precise selection in made to. balance the
quantity of material ‘handled against the enrichment
desired.

By appropriate use of the receiver to explore aad scan

the beam or beams under various conditions of opera--

tion, the most favorable circumstances for desired re-
sults can be determined. It remains to replace the re-
ceiver with a collector mechanism capable of operating
under the favorable circumstances to receive and retain
one ‘or .more separated materials ,.and to present the
separated materials, or the enriched materials in sepa-
rate, predetermined locations for removal therefrom at
the conclusion of a run, or at appropriate intervals.

A suitable collector; namely, a device of the type ca-
pable not, only of recexvmg ions, neutralizing them, and
affording an indication of the neutralizing. current, but
also of dxscretely retaining ‘or separately confining the
neutralized ions in predetermined, separate locations, is
particularly illustrated in Figures 58 to 61 of the draw-
ings. This collector head 2010 can be conveniently sub-
stituted for the receiver head 1804, as shown in Figures
55.and 57, inasmuch .as the collector and receiver stem
mechanism is identical, the differences between the col-
lector and ‘the receiver arising only in the terminal or
head portion of the structure.
stem can be supplied for each unit and can be inter-
changed along with the interchange of the receiver and
collector heads.  In praclxce both systems have been
utilized. For convenience in descrlpnon herein, it is
assumed that the siem tube 1851 is either identical or du-
plicated for the receiver and the collector.

case, the stem tube 1851 terminates in a flange 1956 de-
signed to receive removable fastenings 1958,
"In the case of the collector head 2019, there is mounted

on the stem tube 1851 by means of the fastenings 1958 °

a base plate 2011, fabricated of metal or the like, gen-
erally planar in extent, hexagonal in shape, and provided
with a central, cireular opening 2812. This fits readily
over the end of the stem tube 1851 The plate 2811
abuts the flange 1956 and is pierced by the fastenings 1958
so that a detachable but firm supporting engagement is
afforded. On the metallic:base plate 2811 are secured
side plates 2013 and 2014, respectively, likewise fabricated
of metal and being approximately tectangular in con-
figuration. The plates 2013 and 2614 are secured to the
base plate by suitable fastening screws 2016, The ends
of the base plate 2611 are extonded to receive end plates
2017 and 2018, respectively, of relatively thin metal, bent
to form dihedral angles coinciding with the contour of
the ends of the base plate 2011 and appropriately secured
thereto by fastening devices 2019, Furthermore, the end
plates 2017 and 2618 are held firmly against the side
plates 2013 and 2014, ini turn thereby sapported and rein-
forced, by fastening de\ ices 2821) By this construction
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there is provided a metallic, box-like enclosure, complete
except for its top.

Pursnant te the invention; it. is consndered ‘desirable
to provide a top for the.collector electrically insulated
from although mechanically supported by the remainder
of the collector head. To accomplish this purpose, both
of the side plates 2013 and 2214 support a plurality of

ngle brackets 2622, uniformly "distributed along the
length of the side plates and. .secured thereto by ap-
propriate fasteners 2023. The angle brackets are pro—
vided with outstanding portions 2624, pierced to receive
machine screws 2026.  These threadedly engage internal-
ly threaded, metailic sockets 2027 firmly embedded in
supporting insulators 2028 of ceramic material, or other
suitable mechanically effective, electrically nonconduct-
ing material. <The insulators 2028 are firmly held and
supported on the outstanding portions 2824 when the ma-
chine screws 2826 are thoroughly tightened.

Spanning the distance between the supporting insula-
tors 2028 and overlying the top of the collector head in
order approximately to complete the enclosure thereof,
is a relatively thin metal top plate 2629, like the base
plate 2€11 in shape and at appropriate intervals provided
with apertures for. accommodating fastening machine

screws 2031, These engage receiving thimbles 2032 em-

bedded in the ceramic insulators 2028 so that, although
electrically insulated from the remaining part of the struc-
ture, the metal top plate 2029 is mechanically united
therewith. By this construction, the plate 2829 is of
a size and shape to overhang and to protect the end plates
2917 and 2618 and the side plates 2013 and 2814.

The top plate. 2629 is not solid or continuous across
the face of the coliector head, but rather is provided with
a large central opening 2933, in part defined by cutaway
edges 2034 parallel to each other, symmetrical about the
central axis of the structure, and extending for almost
all of the full length of the plate 2629 to provide a cen-
tral, rectangular opening having a height comparable to
the arc height and a total width somewhat greater than
the radial width of the beams of the several 1sotopea or
materials to be collected.

In order accurately to define the sides of the openings
provided for the passage of the ion beams, and particu-
larly since beams impinging upon the metallic parts of
the  collector produce localized overheating thereof,
quickly destructive of the material of the collector, I
have consequently found it advisable to provide marginal
plates 2035 and 2636. Each of these is constructed of a
relatively unaffected material, such, for example, as graph-
ite or commercial solid carbon. The plates 2035 and 2036
are, if desired, of relatively pure carbon; but commer-
cially obtainable graphite blocks are readily machined
into the necessary shapes and are appropriately drilled for
fastening devices and serve the desired purpose admirably.

While the shape of the marginal plates 2635 and 2036
admits of considerable variation, I have found in the
present instance that it is satisfactory to provide geo-
metrically quite plane strips of relatively thin, rectangular
cross section and of somewhat greater length than the
length of the opening 2033. Each of the carbon strips
2035 and 2036, being thinner than its adjacent and asso-
ciated portion of the plate 2029, is conveniently positioned
aiid mounted thereon by being seated in an appropriate
recess 2037 milled in the piate along the edge of the open-
ing 2033 and being secured in position by removable fas-
tenmgs, such -as machine screws 2038,

Because the opening 2033 is of considerably greater
width than is normadlly needed, the width of the mat-
ginal plates 2035 and 2036 is such that they define rather
accurately the desired outer edges or the width of the
beam or beams to be admitted into the collector. The
rernamlng, exposed width of the plates 2035 and 2036
is’ sufficient to intercept the remaining portion of any
c01nc1dentally arriving ions not sufficiently sharply fo-
cusec. to pabs within the defined openmg
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Since- the total length of the opening 2033 and of the
opemng “defined partially by the plates 2035 and 2036,
is somewhat greater than the height of the beam it is de-
sired to receive, the length of the opening is preferably
shortened to a selected amount defined by a pair of me-
tallic end sheets 2039 and 2040, respectively. FEach of
the sheets extends transversely of the collector, not only
overlying the top plate 2929, but also overlying the ex-
tremities of the defining plates 2035 and 2036. The sheets
are secured in place by suitable fastenings, such as fillister
head: machine screws, threaded into the underlying plate
2029. The sheets 2039 and 2040 extend precisely to
the edges of the top plate 2029.. The exposed ends.of the
plate 2029 and of the overlying sheets 2039 and 2040
are protected by upstanding marginal strips 2041 and
2042, respectively, held in position by machine screws
2043 passing through the marginal strips and seated with-
in the ends of the plate 2029.

In this fashion, there is afforded a mechanically pro-
tected, electrically insulated, and thermally inert recep-
tion area for the mixed material or polyisotopic beam or
beams, a portion of this area affording an opening having
its outer edges, top and bottom accurately defined. - In
the event it is desired to vary the defined margins. of
the opening 2633, the marginal plates 2035 and 2036 may
be readily replaced by others of different size and con-
tour after the sheets 2039 and 2040 have been removed,
and the end sheets themselves can be replaced by others
of different size to vary the total length of the opening.

The number of openings provided in the face of the 3

collector is entirely dependent upon the number of ion
beams it is desired to receive and to retain. If but a
single ion beam is to be received and retained, only a
single opening, such as 2033, is desirable and necessary.
If a plurality of beams are to be separately received, an
equivalent number of separate openings is advisable. In
the present instance, it is desired to receive and retain
the ions of two separate beams, one of them being made
up almost entirely of U238 jons and the other being made
up almost entirely of U235 ions with, as.a minor contami-
nant, some U2 jons.

For that reason, the general opening 2033 is con-
veniently subdivided into two openings, individually des-
ignated 2044 and 2046, by the provision of a strip- 2047
extending throughout the length of the opening 2033 with
its.edges parallel to the edges of the plates 2035 and 2036
and fastened within recesses 2050 in the top plate 2029.
The strip thus defines the interior margins of the beam
apertures 2044 and 2046. The two openings 2044 and
2046 are consequently made of the desired width and
length ‘and have appropriate transverse positions or loca-
tions.

The center lines of the openings 2044 and 2046 are
spaced apart an amount.-regulated by the mass difference
of the particular materials or isotopes that are being col-
lected. Since the nuclear mass of U8 is approximately
238 mass units it is represented by ‘the number 238 and
the nuclear mass of U235 is approximately 235 mass units
it is represented by -the number 235, the difference in
nuclear mass of these isotopes is represented by the dif-
ference of these numbers, or the number 3. When stated

in terms of linear measurement in the scale of the ap-

paratus, the dimension between the center lines is termed
3 slugs, a slug being a linear dimension equivalent to the
dlametral distance apart of ions of one mass unit différ-
ence in nuclear mass in the location within and under
the conditions of operation of the particular device. Thus,
it is said that the center line of the opening 2044 for U235
is 3 slugs away from the center lme of the opemng 2046
for U8,

-The U3¢ is also. received through the opening 2044
although, properly .speaking, for such an operation this
opening should be 4 slugs from the center line of the U238
opening 2046, since there is a 4-mass-unit difference be-
tween these two isotopes. The amount of U234 is so small
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that it cax, in effect, be neglected. Furthermore, the ac-
tual width of the openings 2044 and 2046 is such that
while their center lines are only 3 slugs apart, the distance
from the center line of the opening 2046 to the margmal
edge of the opening 2044, as defined by the plate 2035, is
approxrmately 4 slugs, While not centrally received, the
U2 jons are nevertheless, for the most part, capable of
passing through the opening 2044,

The: strip 2047 acts as an initial divider defining the
internal limits of the openings 2044 and 2046 that the
different isotopic beams pass through, and this division
is- maintained and coatinued by a central diaphragm
2048. This diaphragm is a rectangular, metal plate,
having its upper edge received in a rabbet 2049 cut in
the meeting: face of ‘the strip 2047 and extending for
nearly the full length of the strip. The central portron
of the diaphragm 20648 is stiffened and reinforced by a
pair of longitudinally extending straps 2051 and 2052,
respectively, disposed adjacent each other on opposite
sides of the diaphragm The straps are fastened together
by pins 2853 passing through the two straps and also
through the diaphragm to afford, in effect, a central en-
largement thereof.

"The lower edge of the diaphragm 2048 is received in
a longitudinal rabbet 2054 cut in the facing surface of a
beam 2656 extending longitudinally of the collector
structure.  The beam is suitably hung in approximately
triangular end plates 2057 and 2658, being fastened by
machine screws 2856 to the converging or apex portions
thereof. The end plates 2057 and 2058 are each scored
by rabbets 2861 and 2062, respectively, receiving the
ends of the diaphragm 2048, so that the diaphragm 2048
is surrounded on all sides by rabbeted connection to afford
a barrier centrally of the collector, impervious to the
The end plates 2857 and 2058 are
at their upper cornmers connected by fastenings 2063 to
brackets 2064 secured to the under side of the cover plate
2029 by screws 2065, In this fashion, there is provided
an interior structure, supporied on the insulated top plate
2029 and consequently at the same electrical potential as
the plate, effective to divide the interior of the collector
into two principal compartments.

Merely admitting the various ions into the interior of
the collector through the openings 2644 and 2046, per-
mitting them to neutralize, and attempting to collect them
simply upon any electrically appropriate surface is, in
my experience, not in itself adequate to assure good .re-
tention of the received material in segregated positions.
Consequently, and in order to insure proper retention of
the neutralized material, I provide, for example, behind
the opening 2046 a pocket 2866 comprising a compart-
ment in longitudinal section approximately rectangular
but.in cross section approximately triangular, This con-
struction affords interior surfaces so arranged and angu-

9 larly disposed that incident ions rebounding from. the

surfaces tend to remain within the confines of the pocket
without scattering back out from the pocket through the
opening 2046.

The desired type of structure is fabricated of a bent,
metallic outer wall 2067, having one portion substantially
parallel to the side plate 2614.. The wall 2067 is secured.
to but is electrically insulated from the plate 2014 by
the interposition of ceramic insulators 2968, generally
like the insulators ‘2628, and held in place by fastenings.
2069. The portion of the wall 2067 adjacent the opening
2046 is sharply bent toward the opening but is terminated
so that an adequnate gap for insulation remains between
the margin of the wall 2667 and contxguous metal parts.

Supported by the outer wall 2667 is a metal spacer
plate 2071 disposed between the wall 2667 and an inner,
metallic plate 2672 to form bottom and end wa]h The
wall 2067, the spacer plate 2071, and the inner p]aw
2972 are. all held in predetermmed assembled relation-
shlp by fasteners 2073 passing through all three of these
parts The inner plate 2072, at its lower portion; is bent
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to Iie approximately parallel to the wall 2067 to provide.
a good abutment with the sides of the spacer plate 2071,
but is then bent. away from the outer wall 2067 so that it
is especially disposed ont of parallelism with the outer
wall. The inner plate 2§72 is terminated short of the
central diaphragm 2048 and short of the. opening 28446
so that it is electrically separate from its surroundings.

The interior of the pocket 2666, as defined by the wall
2867 and the plates 2071 and 2972, is lined by a continu-

ous, folded, metallic sheet 2074, constituting 2 lining I

envelope. The sheet is disposed in close relationship
with the metallic walls of the pocket to afford a suitable
electrical path therebetween and extends very close to
the aperture 2046, although terminating short thereof.

The margins of the lining shest are spaced apart to afford |

dn opening 2876 so that there is direct communication
from the opening 2046 into the interior of the pocket
2066 through the opening 2876. Ions passing between

the central strip 2047 and the marginal plate 2836 con-.

tinue through the opening 2076 and are neutralized upon
contact with the lining 2674, Because of the shape and
disposition or inclination of the walls of the pocket 2066,
the neutralized particles are retained therein. There is
no substantial scattering or re-emergence of particles
from the pocket, so that after a period of operation a
substantial mass, or quantity or amount of U2 is found
vithin the pocket 2866. This is either pure U238 or, as
the separator is most often operated, is material highly
enriched in U238, or, in other words, is largely U238 with
some proportion. usvally small, of other materials.

In a generally comparable fashion, but with mirror
symmetry with respect to the central plane, the collector
is provided with a second pocket, generally designated
2978, of approximately the same contour as the pocket
2066 and disposed on the opposite side of the diaphragm
2048. 'The pocket 2978 is in part formed by a metallic
outer wall 2479 motnted on but electrically separated
from the side plate 2013 by insulators 2081 and fasten-
ings 2082. Like the wall 2867, the wall 2079 extends
for most of its length parallel to the plate 2013 and then
turns  abruptly toward the center of the structure. It
terminates short of mechanical contact with any of the
adjacent metaliic portions in order to afford an insulating
gap therebetween,

An inper plate 2083 is appropriately spaced from the
wall 2079 by an intervening spacer 2084, constituting
also the bottom and end boundaries of the pocket. The
wall 2079; the plate 2883 and the spacer 2084 are all
firmly united by fastenings 2086 passing through these
several parts to hold them in an established relationship.
The plate 2883 in its lower part is parallel with the wall
2079, but in its remaining part is divergent therefrom.
The plate 2983 extends toward the opening 2944, but
stops short of the opening and short of the surrounding

metallic members, so that the resulting gap affords elec- !

trical insulation therefrom.

- Within the pocket 2078 there is provided a metallic
lining 2887, counstituting an inner envelope in immediate
abutment with the metallic surroundings, so that a firm
glectrical connection is established. The lining is of the
same general configuration as the wall 2079 and the plate
2083 'and has its edges so disposed as to define an open-
ing 2088 underlying the opennig 2046 and in effect con-
stituting a continuation thereof.” Jons of U5 and of
U2 passing through the opening 2044 continue on
through the opening 2088 to the interior of the pocket
20738, wherein they contact one of the interior walls and
become neuiralized. o

Because of the angular configuration of the several
side ‘walls, the ions are effectively trapped or confined
and ultimately deposit without any significant propor-
tion scattering. from or leaving the interior of the pocket
through the opening 2844. Because of these conditions,
the entering ions not only contact the walls of the lin-

ing, wherefrom they acquire electrons for neutralization,
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but after a period of operation a quantity of material,
principally U25, is found to have accumulated in macro-
scopic amounts within the pocket. Thus, there is afforded
a pair of individual pockets for receiving and retaining

- or collecting segregated, macroscopic quantities of  iso-

topes or other materials separated by the operation of
the remaining parts of the structure. : .

In a fashion somewhat comparable to the arrangement
utilized, as iflustrated in Figures 54 to 57, for conduct-
ing a ccoling liquid as well as affording electrical con-
nections  to ‘the various parts of the receiver, there is
similarly provided for the collector a series of conduits
serving both as cooling fluid or liquid. conductors and
electrical conductors. Even though the same receiver
stem tube 1851 is utilized, it is preferred to utilize: differ-
ent.fiuid cenductors for the collector, although these are
connected exteriorly of the stem to the same liquid supply:
and disposal pipes in the fashion described in connection
with the receiver arrangement shown in Figures 54 to 57.

In a comparable manner, there passes through the stem
1851, as illustrated in Figures 59 to 61, a cooling liquid
conducting tube 2893, also serving as an electrical con-
ductor. The tube passes longitudinally through the stem
1851, being mechanically supported therein but appro-

3 priately electrically insulated therefrom. As it emerges

from the stem tube 1851 and passes through the opening
2012, the tube 2991 makes a relatively abrupt turn par-
allel to the ‘base plate 2611 and extends alongside the
side plate 2013 nearly to the end wall 2617. Adjacent

9 the end wall, the tube turns and passes to the under sur-

face of the top plate 2029. .

Up to this point, the tube 2091 is entirely out of elec-
trical contact with any of the structure within the col-
lector and consequently is electrically insulated there-
from.. But the tube is joined to the plate 2029 by heavy
solder or comparable means, so that there is not only
an electrical connection between the tube 2891 and the
face plate, but there is also an excellent thermal -path.
Heat developed in the top plate by impingement thereon
of various ions losing their energy thereto is rapidly con-
ducted through the walls of the tube 2691 and to the cool-
ing liquid therein, promptly effective to carry the devel-
oped heat away.

Thermal absorption is facilitated by fastening the tube
26891 throughout substantially the entire length of one side
of the plate 2029, then looping it around the end of the
opening 2033, still in contact with the plate 2029, and
finally returning it -along the opposite side of the plate
nearly to the end plate 2017. Adjacent this end plate
the tube follows its previous configuration, passing near
but being spaced from the plate 2217, and then turning
into a return branch 2092 of the same tube. The return
branch enters the stem tube 1851 and extends to the con-
necting part of the liquid circuit. Thus, the top plate
2029 and its appurtenant parts are maintained in ther-
ma] and electrical contact. Through the tube 2091, the
top plate is suitably included in an appropriate electrical
circuit,

Passing likewise through the stem tube 1851 is an in-
coming leg 2093 of a conduit emerging into the interior
of the collector and turning toward the end plate 2018,
but stopping short thereof. The conduit 2093 makes a
loop in contact with the inner plate 2083 and is con-
nected thereto by solder or other suitable thermal and

5 electrical conducting junction. ‘The conduit 2093 makes

substantially a closed loop extending throughout the entire
length of the plate 2883 and, near the end plate 2017,
turns back to constitute a return leg 2094, passing through
the aperture 2812 and extending through the interior of
the stem tube 1851 to a point of connection in the liquid
circuit. The conduit, including the legs 2093 and 2094,
is electrically separate from the remaining part of the
structure except the pocket 2078. Thus, the pocket and
its appurtenances can be maintained in the desired elec-
trical circuit, and since cooling liquid is ‘supplied thereto
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by the conduiit, the pocket 2078 can be operated at the
desired temperature.

There is. also provided a supply leg 2096 of a condult
system extending through the aperture 2612 from the
tube 1851 and having a configuration quite comparable
to that of the leg 2093, but rather being secured by
solder or comparable electrical and thermal conducting
means to the inner plate 2672 of the pocket 2066. The
conduit leg preferably extends for substantially the full
length of the plate 2072 in order not omly to afford a
satisfactory electrical connection thereto, but also to pro-
vide satisfactory thermal transfer over approximately the
entire inside portion of the pocket. A return leg 2097
corresponds in position and in ‘mirror symmetry with
the return leg 2694. It passes through the stem 1851
to a suitable exterior point for conmection to the liquid
circulating system, Thus, the pocket 2666 is not only
readily included in an electrical circuit separately from
the remaining portions of the collector, but likewise
can readily be operated at the desired temperature.

In addition, the series of conductors within the stem
tube 1851 is inclusive of a central conductor 2998, not
designed to carry liquid and, therefore, not made tubular.
It is a rod serving solely as. an electrical conductor and
éxtends through the opening 2012, terminating just in-
side of the collector head 2016. A wire 2099, fastened
in place on the conductor 2098 by a screw 2101, extends
from the conductor to a point of attachment 2162 to
one of the fastenings 2086 on the walls of the pocket
2078. In this fashion, an additional electrical circuit
is provided through the tube 1851, and is ordinarily
connected only in the event the circuit through the legs
2893 and 2094 is not available or if the legs themselves
are omitted, as they may be under light load conditions.
Reception of U2, for example, is sufficiently slow that
normal heat dissipation without ferced cooling is satis-
factory.

It is often desired to adjust the mechanism and to
locate the parts accurately before actually embarking
on a collection run. During this time of preliminary
operation, ion beams of grossly irregular character may
pass through the openings 2044 and 2946, contaminat-
ing the pockets Sometimes, even though a retaining
collector .is utilized, it is desired only to read electric
currents. For both these reasons, I provide a means on
this collector for reading an electrical current from 2
principal beam away from the openings 2044 and 2646,
or from any selected beamn. While current readings can
also be obtained by utilizing the apertures 2044 and
2046, it is likewise of assistance to have an additional
mechanism responsive either to one of the beams. nor-
mally received in. one of these apertures, or responsive
to another beam normally not collected, but having a
position known with respect to the position.of the nor-
mally collected beams..

For these purposes, the side plate 2014 is provided
with supplementary supporting brackets 2106, secured
thereto by fastenings 2107 and supporting elongated in-
sulators 2108, held in place by machine screws 2189.
The insulators 2108, except for their greater length, are
the same type as the insulators 2028 and extend through
apertures 2111 formed through the overhanging edges
of the top plate 2029. - Supported on the insulators 2108,
at a position spaced away from the outer face of the
plate 2029, is a supplementary face plate 2112, prefer-
ably constituted of a metal sheet of generally trapezoidal
configuration, secured in position by fastenings 2113
entering the insulators 2108 to afford a suitable mount-
ing. The supplementary plate ends arc. out-turned to
constitute flanges 2114, spaced from but constituting sub-
stantial continuations of the end strips 2041 and 2042,
the strips being cut away to provide gaps 2116 afford-
ing electrical isclation between the supplementary plate
2112 and the remaining part of the structure.. To avoid
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floating, the plate 2112 is preferably connected to ground
through an appropriate circuit.

At a suitable location in the plate 2112 there is pro-
vided a defining aperture 2117, preferably of rectangular
contour, -of a length approximately equivalent. to the
length of the apertures 2844 and 2046, and preferably
of approximately the same width as either of those aper-
tures. The opening 2117 is located above the metal
top plate 2029 so that ioms passing through the aper-
ture 2117 are received on the metal plate 2929. By
appropriately connecting the plate 2829 in an electrical
circuit, the ions passing through the aperture 2117 can
be detected by measurement of the deionizing current
flowing through the plate 2629. The strength of ‘the
beam passing through the aperture 2117 is thereby in-
dicated and is useful as a showing of the relative po-
sition of the device, either measured from the apéerture
2117, or measured from the apertures 2844 and 2044.
In this way there is afforded a supplementary mecha-
nism for taking current readings as an aid in position-
ing the collector and for use in scanning the ion beams,
and for other purposes.

The collector and retaining structure is effective to
operate throughout protracted periods without overheat-
ing and to receive separately in discrete volumes macro-
scopic amounts of separated, neutralized materials, such
as polyisotopes.

In considering the operation of the structure shown
in Figures 24 to 62, it is assumed that the mechanism
has not previously been operated and is at room tem-
perature, with all of the parts assembled and in correct
adjustment and alignment, except that the source face
plate 712 (Fig. 25) and the receiver face plate 724 are
detached from the tank 711 but are adjacent the tank
ready to be fastened in position thereon. This arrange-
ment is readily accomplished by having adeqiate lengths
of flexible electric and liquid conduits connected to the
face plate mechanisms and to the various circuits con-
cerned. By the provision of portable mechanisms and
extended, flexible connections it is possible to arrange the
face plates at convenient positions for preliminary and
subsequent operation, while minimizing the amount of
effort necessary actually to place the structore into op-
eration. Conveniently, in practice, the face plates 712
and 724 are arranged to be mounted on tracks or carriers
or dollies, not shown, for ready ease in handling.

In initiating the operation of this' structure and in
carrying out the calutron method of the invention, there
is separately provided a charge bottle such as the charge
container 864 (Fig. 31), preferably partially filled to a
convenient load level under chemically clean conditions.
The size or amount of the charge is variable. In a rep-
resentative case the charge bottle contains approximately
150 grams or a comparable amount of charge material,
such, for example, as uranium tétrachloride in solid form,
that is, in granular or crystalline form. Convemently,
the charge container is filled to the chosen level in the
chemical laboratory and is then tightly sealed by a cork
or stopper, not shown, adequate to engage the sides of
the aperture 866. A number of charge containers can
readily be loaded and prepared in advance and stored
for future use. If the atmosphere is excluded, no serious
deterioration occurs during reasonable time periods.

When it is to be used, a charge container is then
brought to the vicinity of the detached face plate 712
and the top plate 862 is removed from the charge cham-
ber 858 by the removal of the securing screws 863.. The
stopper. or other closure for the charge container is ré-
moved, the container is positioned within the chamber
858, as illustrated in Figure 31, and the top plate 862 is
then repositioned and is fastened in place by the tlght-
ening of the screws 863.

After the charge container has thus been opened and
suitably fastened in enclosed position, the source unit is
ready for assembly within the tank 711. The face plate:
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712 is moved into proximity with the flange 732 (Figure
26) and an application of an appropriate vacuum sealing
compound is made to the meeting surfaces of the tank
and of the face plate. This sealing compound is pref-
erably a mixture of grease and rubber substance ef-
fective to prevent air leakage at the flange joint even
under relatively high vacuum conditions. After the
compound has been liberally applied, the coated parts
are ready for abutment. The face plate 712 is then posi-
tioned on the tank with the tank studs 734 passing
through the aligned openings in the face plate. The
stud nuts 736 are threaded upon the studs and are tight-
ened evenly around the entire periphery of the source
face plate with sufficient force to provide an airtight
connection.

An entirely similar technique is employed in mount-
ing the receiver or collector face plate 724, This face
plate and the adjacent tank flange 733 likewise have their
meeting faces smeared with the sealing compound. Then

the face plate is suitably positioned with the adjacent

studs 734 passing through the apertures in the face plate,
and the stud nuts 736 are uniformly tightened to pro-
vide an airtight connection. Thus, since it is assumed
that all other atmospheric vents are closed, when both

of the face plates 712 and 724 have been positioned, :

the tank 711 becomes an airtight vessel or vacuum en-
velope. The structure is then in suitable condition for
a reduction of the pressure within the tank to any chosen
subatmospheric value within the design limits of the
device.

The arrangement of the vacuumy mechanism for this
structure is- schematicaily shown in Figure 24 and in
principle is the same as diagrammatically illustrated in
Figure 20. The beginning of the evacuation operation
is, preferably, the charging of the Dry Ice trap 2126
(581 in Figure 20). This trap is preferably filled with
a mixture of carbon dioxide and acetone and when it is
appropriately charged the mechanical pump 750 (579 in
Figure 20) is started in operation. The effect is to remove
air from the interior of the tank 71%. This can be done
either in series through the as yet inactive diffusion pump
749 (877 in Figure 20), or by initially by-passing the
diffusion pump through the use of a shunt pipe 2127.

The operation of the mechanical backing purop 750
is continued for a protracted period unti] the pressure

within the tank 711 is reduced to a value of some 50 °

to 70 microns, as measured by a mercury McLeod gauge.
In the event this degree of evacuation is not readily
attained and promptly maintained, say within a period
of approximately a half-hour, then it is likely that leaks
exist in the tank 711 or its appurtenances. These can
be due either to oversight through failure to close some
aperture, or can be due to poor fit or fabrication of the
parts, to warpage of the structure, or possibly to internal
teaks from the water lines. In any event, the customary

vacuum or laboratory leak technigue is utilized to insure -

that no substantial leaks are permitted to continue to
exist.

As scon as the appropriate vacuum value is attained
by the operation of the mechanical pump 759, the diffu-
sion pump 749 (577 in Figure 20) is relied upon to
reduce the pressure still further. In the event the pre-
vious operation of the mechanical pump has not employed
the shunt conduit 2327, then it is necessary to leave
the diffusion pump cold during the preliminary mechani-
cal pumping and at this stage to place the diffusion pump
into operation by supplying it with cooling fluid and by
energizing its heating mechanism;

The diffusion pump takes a protracted period to come
into operating equilibrium. Tt is usnally possible to save
some of this time by initially utilizing the shunt con-
duit 2127, by-passing the diffusion pump, and during
this time or previously placing the diffusion pump in
preliminary operating condition by allowing it to get
into its operating equilibrium without doing any- actual
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pumping upon the tank. In either event, when the dif-
fusion pump is ready to operate it is appropriately con-
nected so as to be effective to withdraw additional air
from within the tank 711, thereby reducing the interior
pressure still' further.

The operation of the diffusion pump is greatly assisted
by appropriate charging of the liquid air trap 2122 (578
in Figure 20). The liquid air trap may be initially
charged at the commencement of the diffusion pump
operation so that condensable vapors are deposited upon
it and do not pass through the diffusion pump itself.
These vapors, in condensed form, can be entirely re-
moved from the system by removal and cleaning of the
air trap whereupon they are deposited. After cleaning,
the liquid air trap is replaced. As an alternative tech-
nique, the liquid air trap is not initially charged, but
as.much of the vapor as possible is removed from the
system by and through the diffusion pump itself. Later
the liquid air trap is charged.

The former procedure has the advantage that the
vapors. are not passed through the diffusion pump and
cannot adversely affect the diffusion pump liquid, while
the latter technique has some advantage in removing the
vapors more quickly from the system, although greater
danger of: contamination of the diffusion pump liquid
exists. In either style of procedure, the diffusion pump
is maintained in operation, appropriately backed by the
continued operation of the mechanical pump, until such
time as the pressure within the tank 7il is lowered to
an indicated value in the range of 10— to 10~5 mm. Hg.
As promptly as this pressure or vacuum is established
and is steadily maintained the structure is ready or con-
ditioned for subsequent operation.

When the tank has been properly brought down to
the desired pressure value, steps are taken to insure the
circulation of an adequate supply of cooling liquid
through various of the instrumentalities that otherwise
might operate at excessive or destructive temperatures.
A supply of cooling liquid is made to circulate to the
filament support by appropriately  establishing flow
through the conduits 1021 and 1024 (Figures 36 and
40). This establishes a cooling liquid flow through the
tubes 942 and 943 and the quantity flowing is regulated
to make sure that the filament 931 cannot be over-
heated. At about the same time, cooling fluid is made
to flow in a circuit including the tubes 1776 and 1786
(Figure 52), so that the tube 1778 aud the connected
tube 1783 (Figure 51) conduct a flow fully capable of
carrying away excess heat from the liner and ‘its asso-
ciated structures,

Furthermore, the liquid circuit including the tube 2091
(Figure 61) and its return branch 2092, the tube 2093
and its return leg 2694, as well as the tube 2096 and
its ‘return leg 2097, are all suitably supplied with cit-
culating liquid so that various portions of the collector
2016 are prevented from exceeding a satisfactory operat-
ing temperature. In addition, a fluid circuit is completed
through the supply tube 886 (Figure 30) and the return
tube 887 so that the mixing chamber plate 851 will be
maintained below an excessive temperature. It is not
ustomary or necessary to produce any fluid flow. at
this time through the tube 881 and its return tube 885,
although if, due to the nature of the charge or for other
reasons, there is any danger of excessive heat develop-
ing in this portion of the structure, fluid circulation
through this passage is preferably arranged.

As promptly as water or other cooling fluid is circulat-
ing well through all of the circuits to the portions of the
structure susceptible to overheating, the mechanism is
ready for further steps toward placing it into operation.
1t is to-be emphasized that an adequate supply of cooling
finid is highly desirable, since, occasionally, parts of the
beam or beams, particularly side beams, impinge upon
very restricted portions or areas of the structure and
quickly produce local overheating and even destruction
or burning out unless there is surely available an adequate
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supply of cooling liquid to carry away the localized, in-
tense heat.

When, therefore, there is an assurance of an adequate
flow of cooling liquid through all of the cooling circuits,
an electric circuit is completed to the heater 868 and a
sufficient supply of electricity, for example, 500 watts,
is caused ‘to flow in that circuit to supply heat to the
charge within the charge receiver 864 so that the tem-
perature of the charge or of the adjaceni mechanism is
brought up to a value in the neighborhood of about
450° C. This temperature is appropriate for uranimm
tetrachloride. - For other charge materials, such as ura-
nium hexachloride or uranium bromide or uranium fluo-
ride, different temperatures will be established. In any
case, the temperature is sufficient to convert the charge
from its solid state at normal conditions to a gaseous state
for use in the separation of its constituents.

At about the same time, an electrical circuit is com-
pleted to the heating wire 913 (Figure 28) surrounding
the core 911, so that the metal defining the arc chamber
921 is brought up to a sufficiently high temperature so
that vapor fiowing therethrough wiil not readily be con-
densed, but rather will be maintained in gaseous condition.
In fact, it is preferred to heat the walls adjacent the arc
chamber to a slightly higher value, that is, to a tempera-
ture, for example, in the neighborhood of about 475° to
500° C., thus insuring that the material discharged by
vaporization from the charge receiver will continue to flow
freely through the tortuous passageway of the arc cham-
ber and its associated structures.

The heating period necessary to bring the various mem-
bers of the source unit 751 approximately to the tempera-
tures desired varies somewhat with the speed it is deemed
advisable to add heat., Under normal circumstances, it
is preferred to take beiween one and two hours for initial
heating to insure that all of the parts are evenly raised
to the elevated temperatures in order to avoid the intro-
duction of excessive strains in the mechanism due to
irregular heating,.

When the charge container and the entire source unit
are approximately at the desired temperatures it can be
exepected that vapor is being produced within the charge
receiver and is being discharged therefrom through the
aperture 866 into the chamber 992 and thence into the
arc chamber 92i. The vapor flows from the arc cham-
ber into the interior of the tank 71% and, unless otherwise
treated, eventually flows through the diffusion pump and
the mechanical pump to the atmosphere. The vaporiza-
tion of the charge having been established without sub-
stantial or excessive condensation in the source unit, it is
feasible to provide a magnetic field.

This is accomplished by closing the electrical circuits
leading to the coil windings 706 and 767 (Figure 24) of
the electromagnet, thereby establishing between the pole
pieces 761 and 763 the desired magnetic field having a
value in the neighborhood of 3000 gauss. At about this
time it is also advisable to complete an electrical circuit
establishing a voltage difference between the filament 931
and the anode 1381. An exemplary value is 200 volis.
This circuit for the structure shown in Figure 31 is iden-
tical with that shown diagrammatically in Figure 20 and
its closure constitutes the completion of a circuit equiv-
alent to the circuit supplied by the battery 551 in Figure
20. During the time this voltage difference is impressed
between the filament and the anode and during the heat-
ing of the parts, it is possible that some intermittent and
sporadic sparking may take place, but this is usually of
a random nature and is normally effective to remove or
vaporize the material causing it, thereby being self-elimi-
nating and avoiding later sparking difficulties.

The filament power is then made available to heat the
filament 931 by completing a circuit thereto through the
tubes 942 and 943 so that the filament is appropriately
supplied with a current of electricity, is raised to an ele-
vated. temperature, and emits electrons. . A sample value
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of filament current is 400 amperes and voltage is two volts.
This filament circuit is comparable to that completed by
the battery 547 in Figure 20. Since there is already im-
pressed a poiential difference between the filament and
the anode, since the magnetic field is available, since vapor
is present, and since the filament current is being supplied,
an arc is struck between the filament and the anode ex-
tending through the arc chamber 921. In the event the
arc does not immediately strike, the filament current and
the voltage drop between the filament and the anode are
varied, that is to say, are both raised and lowered in uni-
son or at random until values are established suitable for
the initiation and continuance of an electric arc.

It is not generally found possible to strike an arc until
the magnetic field has been established and it is normally
true that the arc comparably extinguishes itself when the
magnetic field is interrupted. However, the various elec-
trical and magnetic values do not seem to be precisely
fixed and when the magnetic field is first turned on a
reasonable adjustment of the filament current and the fila-
ment to anode voltage drop may be necessary before ap-
propriate values are found effective to produce a satis-
factory arc extending through the arc chamber.

The next step in initiating operation of the structure
is gradually to apply a potential difference between the
source unit.and the accelerating mechanism by suitably
regulating a circuit including the accelerator and the
source block. The circuit it is necessary to complete at a
relatively low initial voltage corresponds to the circuit
including the battery 557 in Figure 20.

In the event the voltage difference between the source
unit and the accelerator mechanism is increased too rapid-
ly, arc discharges and sparking to an excessive extent may
occur. These ordinarily are fleeting phenomena, usuailly
due to the presence on the mechanism of vaporizable or
organic material, such as a fingerprint, that gradually
vaporizes or burns off as the voltage is increased. If,
however, an excessive increase is made, the sparking is also
likely to be excessive. The voltage should again be
lowered until the sparking disappears, whereupon the in-
crease can be resumed. The voltage difference having
finally been brought to its desired value, for example, 20
kilovolts, the source unit and accelerator are ready for
protracted operation.

As an alternative step, and if desired, the accelerator
voltage can be impressed upon it even before the arc is
struck and quite easily during the initial heating-up period.
This affords a longer time in the preliminary stages for ex-
cessive superficial impurities to be vaporized or to spark
and to be carried away.

After the arc has been struck and the accelerator ener-
gized, as the uranium tetrachloride vapor passes through
the arc chamber it is ionized and the ions are withdrawn
from the region of the arc by the voltage difference be-
tweena the source unit and the accelerator. Since the
radius of curvature of the beam depends upon the voltage
difference between the source block and the accelerator,
the curvature of the issuing beam at first, before the full
acceleration voltage is applied, is quite sharp, so that the
beam, having only a short radius, runs into the metal of
the liner inner side wall 1667. As the voitage difference
between the source unit and the accelerator is gradually
increased, the radius of the beam correspondingly in-
creases until, finally, the beam extends more or less cén-
trally through the liner and terminates on the collector
structure 2619.

Preferably, the accelerator voltage is raised to a suffi-
cient extent so that the beam radius is somewhat exces-
sive and the beam, therefore, passes quickly over'the open-

ings 2044 and 2046 and instead impinges upon the supple-

mentary face plate 2112. This is for the reason that dur-
ing the starting operation and until all of the instrumen-
talities are suitably adjusted, the beam adjacent the col-
lector may not be too clearly defined and may not produce
too exact a separation, so that material at this period in-

troduced into either of the collector pockets 2666 or
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2078 may very likely be considered as a contaminant of
subsequently received, relatively pure material. - It is,
consequently, preferred initially to have the beam voltage
slightly increased so that the beam strikes the plate 2112,
for example, in a location with the U238 portion of the
‘beam centered as well as may be on the aperture 2117.

With this adjustment of the parts, the current meter
connected to the plate 2029 is affected by the received
U28 passing through the aperture 2117 and affords an
index of the character of operation of the structure. It
is not necessary to rely upon the provision of a meter to
indicate the reception of the U238 beam on the plate 2112,
since this plate is readily visible through the window in
the wall 731 of the tank immediately opposite to or in
axial alignment with the collector. The voltage between
the source unit and the accelerator can readily be varied
-until by meter reading or by visual inspection the beam
is appropriately received upon the plate 2112.

The width of the beam pattern upon the target is,
among other things, dependent upon the transverse or
angular divergence of the beam adjacent the source. This
in turn depends largely upon the configuration of the elec-
tric field in the region between and adjacent to the arc
chamber exit and the accelerator structure. By adjust-
ing or moving the arc jaw plates 1308 and 1311, the arc
slits 1401 and 1402 and the accelerator plates 14462 and
1463, and also by adjusting the voltages impressed there-
on, the ambient field is established in a desired fashion to
affect or to control the beam divergence. In this way, the

beam pattern on the receiver, the beam width, and the 3

amount of material transmitted will affect and control.
At this stage of establishing operation a beam has been

produced and separation of ions according to their nuclear

mass differences is taking place, although no retention of

the separated ions in separate areas may be occurring. 3

Furthermore, it is not certain that the most favorable or
optimum operating conditions have as yet been attained.
1t is, therefore, preferred practice to inspect and, if neces-
sary, vary all of the various controls and adjustments in
an endeavor to produce a maximum quantity output and a
maximum separation of the various ions.
) For that reason, attention is again directed to the source.
The filament current is carefully varied and finally ad-
justed to make sure that it is established at a value to pro-
duce a maximum beam. Similarly, the voltage drop be-
tween the filament and the anode is varied between narrow
limits and is finally set at the value wherein the maximum
-beam is produced. Comparably, the voltage difference
between the source block and the accelerator is slightly

varied to insure that the beam in its maximized form is ;

positioned where desired on the collector.

At this stage it is also well to check all of the various
adjustments of the source unit, of the cathode unit, and
of the accelerator structure. Presumptively, these are
all appropriately set before the face plate 712 is fastened
onto the tank, but occasionally discrepancies exist un-
noticed and occasionally discrepancies arise after assem-
bly. For example, positional shifts may be due to heat
warpage, to displacement by magnetic force, and to
mounting strains or various other causes.

In any event, the position of the filament 931 is very
carefully checked and, preferably, is slightly varied be-
tween rather narrow limits until it occupies a position
wherein the beam is at its optimum condition. This is
accomplished by operating the knob 1264 so that through
the connected gear and motion trains the filament is
moved to and fro to overlie more or less precisely the
aperture 1306 in the confining plate 1363. Additionally,
the manipulating knob 1177 ‘is rotated and the knob
1126 is also turned so that the axis of the cathode is
varied in a vertical plane, in a horizontal plane, or in
a plane having horizontal and vertical components, until
the filament 931 is positioned for the best beam produc-
tion.

Attention is then paid to the position of the source unit,

L

—
<

20

25

40

45

i

fonl
Gt

70

100

particularly by observing the position of the beam pattern
produced on the collector. For example, the entire
source unit is rocked upon its transverse axis 807 by ap-
propriate rotation of the knob 843 to make sure that the
origin of the beam adjacent the arc is approximately a
rectilinear source parallel to the flux direction of the field
in that area. Also, by appropriate rotation of the knob
799 the source unit is rocked laterally. about the axis
757 coincident with the center of the cathode so that
the rectilinear source coincides in this plane with the
direction of the field flux.

Following the optimum positioning of the source block
itself, the knob 1394 is rotated so that the opening 1302
is transversely varied and is established at the desired

3 distance by moving the arc defining plates 1397 and 1308

and the arc confining plates 1311 and 1312 toward and
away from each other in amounts to produce the maxi-
mum effective beam. In a comparable fashion, the
knobs 1438 and 1456 are also manipulated so that the
plates 1401 and 1402 are appropriately positioned for
the production of the best beam. It is entirely possible
that these plates will be finally located slightly asym-
metrically with regard to the center line of the source unit
and the individual adjustment provided for the plates
1401 and 1462 permits them to be disposed in positions
most conducive to the best beam.

Attention is then directed to the orientation and ad-
justment of the accelerator mechanism so that the plates
1462 and 1463 are properly located. This is accom-
plished by rotating the knob 1599 and thereby changing
the longitudinal distance between the accelerator plates
1462 and 1463 and the arc plates 1401 and 1402.  Since
a large potential drop exists between these structures they
must be placed sufficiently far apart so that sparkovers
between them do not occur, and yet they should be so dis-
posed that the electrical field shape induced between the
members is proper to assist in producing an electrostatic
focusing of the ion stream issuing from the arc chamber.

When the accelerator plates 1462 and 1463 have been
appropriately spaced in distance they are checked for ver-
tical positioning by operation of the knob 1625 and are
spaced transversely or laterally at. appropriate distances
either symmetrically or asymmetrically with regard to
the center line by appropriate rotation of the knobs 1661.
These latter adjustments. are individual, since the accel-
erator plates most often are displaced laterally from the
center line of the source unit in a direction toward the
collector, because the curvature of the ion beam begins
between the source unit and the accelerator plates. To
accommodate this curvature, the accelerator plates are
slightly displaced and their best position is achieved by
an empirical adjustment of the mechanism.

When these various adjustments of the source and
accelerator mechanisms have been completed the arc
should be steady and uniform and the beam should be a
maximum. The coliector current being read should be
at a virtual maximum and should be quite uniform in
time as well. -If these conditions have been attained it
can be understood that the production of the beam is as
efficient as possible under the circumstances.

It is then desirable to direct attention again to the
collector structure. The collector is moved axiaily into
and out from the tank by rotation of either of the knobs
1887 or 1893 until the collector aperture 2117 is sub-
stantially at the narrowest cross-sectional area of the
beam. This particular portion of the beam is illustrated
in Figure 2, and is also illustrated in Figure 21, wherein
it is shown in connection with a structure of the type
employing a tank liner.

When the collector has been appropriately positioned
axially so that it is at the narrowest cross-sectional. part
of the beam; the knob 1947 is revolved to rock or twist
the collector head about its longitudinal axis so that the
longitudinal- dimension -of the collector aperture 2117
coincides with the corresponding longitudinal dimension
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of the beam -being received.
aperture is made to coincide exactly with the minimum
cross-sectional plane of the beam adjacent the collector
region. If this is not so, attention must be directed to
the adjusting nuts 1829, 1833 and 1834, These are ap-
propriately manipulated to incline the axis of the colilector
either in a horizontal plane, in a vertical plane, or in a
plane having both vertical and horizontal components, so
that ultimately the collector will be appropriately oriented
and located.

As soon as the collector has been properly positioned
during the steady state of operation, it is feasible to begin
the collection of separated material. This is accom-
plished by quickly reducing the excess voltage difference
bétween the source unit and the accelerator structure to
a value such that the portion of the beam primarily com-
prised of U238 jons is directly received through the aper-
ture 2046. This shoud occur solely upon reduction in
voltage, without other variations, assuming that the rela-
tive positions of the collector portions are such that this
relationship exists between the aperture 2117 and the
aperture 2646. Simultaneously, upon receipt of the U238
beam through the aperture 2046 a somewhat smaller
beam of U2 is received through the aperture 2044. The
U8 arriving in the pocket 2066 produces a sizeable de-
ionizing current capable of being externally read. When
this current is a maximum it is taken ‘as an indication
not only that a maximum amount of U238 is being received
in the pocket 2666, but also as an indication that an
appropriate quantity of U5 is likewise and necessarily
being received in the pocket 2078.

Since the U238 beam leaves a visual trace upon any
portion of the exterior of the collector that it strikes,
visual cbservation will indicate whether or not the beams
are appropriately passing into the reception apertures
2046 and 2044. Additionally, current readings from the
pocket 2066 alone or from both of the pockets 2066
and 2878 can be looked to for this indication. If the
two beams are sharp and distinct, both will be centered
on their pockets simultaneously -so that maximum
current readings will occur together from both pockeis.
Either or both readings can then be used as guides in
centering the beams. If the two beams have wide di-
vergence and are sufficiently diffuse so that some U238
falls as contaminant into the U235 pocket, then the U323
pocket current is ascribable to both isotopes. Under
such circumstances it is well to review the adjustments
to make sure the U238 pocket current is a maximum, and
then to increase the source to accelerator voltage differ-
ence, thereby to reduce the U238 current somewhat and
simultaneously to reduce the U2 pocket curreni be-
cause of the resulting reduction in contamination. A
point is found at which the ratio of U238 pocket current
to U2 pocket current is as large as is consistent with
a large U238 pocket current.

When all of these adjustments have been set at their
best possibie values the machine is permitted to continue
operation. This continued operation constitutes a col-
lection run and can extend over a period of days, de-
pending largely upon the amount of charge available in
the charge bottle,

It is observed that during the course of the collection
run it is necessary gradually to increase the heating cur-
rent flowing to the heater supplying the charge bottle.
It would appear that the charge of uranium tetrachloride
is not sufficiently homogeneous all to vaporize at the
same temperature. Some fractions or portions appear
to vaporize at somewhat lower temperatures during the
beginning of the run and the remaining portions to va-
porize progressively af somewhat higher temperatures.
In order to secure a:continued supply of vapor through-
out a protracted period the heat supply is gradually io-
creased and the resulting temperature is gradually in-
creased.

This increase is not very substantial for some time
but finally becomes more and more pronounced until

In this way, the collector
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ultimately the temperature is necessarily raised to a value
not to be exceeded. This marks the end of the collection
run. During this time it has been the experience that
some ten to fifteen grams of charge are consumed per
hour under the general circumstances mentioned. When
the end of the run is indicated by the maximum permis-
sible temperature of the charge, the run is terminated.

Conclusion of the operation is readily accomplished by
promptly interrupting the supply of electricity maintaining
the accelerator at a different voltage from the arc block.
Simultaneously, the arc voltage is shut off by interrupting
the circuit including the filament and the anode. Sim-
ilarly, the circuit to the filament 931 is appropriately inter-
rupted so that no more electricity flows thereto. The elec-
tricity supplied to the charge heater, as well ag electricity
supplied to the arc chamber heater is interrupted. Power
to the magnetic field is shut off.

At this time, cooling water is supplied copiously to all
possible cooling water circuits and connections, whether
or not they have been in active use during the run. This
applies particularly to the cooling water connections to
the source block and including the tubes 881 and §86.
During this time the vacuum mechanism is maintained in
continuous operation in order to pump out of the tank any
material that might otherwise deposit thereon and have
to be removed during the preliminary period of a subse-
quent run.

The cooling and vacuum pumping operations are con-
tinued for approximately one and one-half to two hours or
more, depending somewhat upon room temperature con-
ditions, until the structure has been fairly gradually cooled
approximately to or slightly above room temperature. It
is most feasible to cool the device rather gradually, in
order to avoid the production of heat strains due to differ-
ential cooling of adjacent parts. It is highly desirable to
cool the structure virtually to rocom temperature, since at
elevated temperatures fumes emanating from the structure
are extremely obnoxious if permitted to escape to the at-
mosphere. When the structure is at an appropriately low
temperature the vacuum pumps are discontinued.  Both
the diffusion pump and the mechanical pump are deprived
of electricity for heating and for driving purposes, respec-
tively, and the diffusion pumyp is permitted to cool.

The vacuum to the tank can now be destroyed by ad-
mitting atmospheric air thereto. -This is done in any con-~
venient way, for example, by opening an air cock 2123
(Figure 24) and permitting sufficient atmospheric air to
enter the tank so that the pressure inside it equals that
of the atmosphere. It is then feasible to remove the
source face plate 712 for removal of the charge bottle
and for general cleaning and overhauling preparatory to
a subsequent run. It may be found that some parts have
failed for various causes and they can readily be re-
placed at this time. It may be found that some portions
have warped and should be replaced or straiglitened. In
any event, the source unit is reconditioned for further
operation.

The collector face plate 724 is likewise removed and
the collector head 2016 is preferably removed so that the
segregated and deposited material within the pockets 2066
and 2078 can be recovered. This recovery of deposited
material is preferably effectuated by chemical washing
processes so that the pockets 2066 and 2878 are cleaned
and subsequently returned for reinstallation in the col-
lector head. This is repositioned on the collector face
plate 724 and the structure is then restored to its original
condition, ready for a repetition of the coliecting run.

In the event it is desired to accumulate large quantities
of the same material, usually the object of the operation
of the machine and of the conduct of the process, it is
advisable to make the initial charge of material in the
charge receiver as large as possible. This is for the rea-
son that the time consumed in initially pumping the tank
down to a suitable vacuum and heating the parts prepara-
tory to a collection run and, similarly, the time consumed
in letting the tank “down” to air and permitting it to cool
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for disassembly is no greater for a continuous run of long
duration than it is for a run of short duration. Hence, in
order to keep the inactive time as small in proportion as
possible to the running time, it is necessary that the
charge be increased in volume initially as much as feas-
ible, because it is the amount of initial charge that pri-
marily determines the length of ‘a continuous run. It is
true that occasionally mechanical or electrical difficulties
or failures interrupt an otherwise satisfactory run, but
apart from these advantitions factors the quantity of
charge initially supplied is the governing item.

During a long run it is usually possible to leave the
mechanism virtually unattended except for general super-
vision to make sure that small variations in the power
supply do not produce undue variations in the carefully
set values of current and voltage initially established, and
in order that minor changes due to slight variations in
magnetic flux, for example, can readily be detected and
promptly compensated for.

During a run primarily to recover any one or two de-
sired materials received in the collector pocket or pockets
there are also deposited within the interior of the vacuum
envelope and on different portions of the structure other
materials emanating from the source mechanism and, be-
cause of their nature, not entering into the receiver
mechanism. For example, during an operation on wra-
nium with vranium tetrachloride supplied to the charge
receiver, it is found that at various positions along the
interior wall of the tank or along the intericr wall of the
liner, there are disposed neutralized particles that had
been carried there by beams of various uraninm and
chlorine compounds both singly and multiply ionized;
For example, there can be found deposits produced by the
beams of UCIs*, UCIx+, UCI++, and UClet+.  There are
other materials deposited as well, but these examples indi-
cate the type and nature of by-product materials supplied.
These sometimes include eighteen or twenty different com-
pounds and ionizations. -Any of these considered to be
valuable can be recovered from the deposited area in addi-
tion to the recovery of the primary products.

In the operation of the structure and the performance
of the process on any particular material it is possible to
provide an “impoverishment” of the material rather than
an “enrichment,” if desired. For example, the propor-
tions of U235 to U228 in naturally occurring uranium are
established. The material recovered as U235 in the nor-
mal operation of the device is virtually or largely deprived
of U2, Hence this product can be looked upon either as
uranium greatly enriched in U2 or can, conversely, be
considered as uranium greatly impoverished in 1238,
The same alteration in proportions of initially introduced
material can be utilized either to produce a final product
enhanced in one component or diminished in another
component.

It is not essential that the material initially introduced
be a naturally occurring polyisotope, such as naturally
occurring uranium. It is feasible to separate any inter-
mixed or intermingled materials capable of producing ions
distinguishable from each other by differences in nuclear
mass. = Since this is true, it is not essential that the initial
material mixture be made up necessarily of the same
chemical elements, as various different elements in inter-
mixed form can readily be separated.

Because of the general separating ability of the ma-
chine and method, it is not important that any particular
fixed or predetermined initial relative proportions be oh-
served in the charge material. For example, the propor-
tions of naturally occurring uranium can be the propor-
tions of the material initially supplied and the separation
due to operation of the structure can be carried out to
a point so that in the collecter the U2% is no longer
Y439 of the dmount of U238 present, but rather is 4o of
that amount. The end materjal of the initial run can
then ‘be reintroduced into the charge receiver for a sub-
sequent Tun. That is, the once treated material having
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its proportions one part U238 and 1, part U235 is again
put through the process and is, for example, then recov-
ered from the receiver in proportions of one part cf U238
and one part of U2, By multiply processing materials,
it is feasible to reduce the total bulk that must be han-
dled and to improve the general efficiency of the opera-
tion. In a comparable fashion, it is entirely feasible to
retrieve the U234 as a separate and distinct entity from
the U5 jf it is desired to do so, although normally
the U234 is disregarded.

The materials actually intreduced into the charge re-
ceiver are not particularly critical, except that they must
be capable of ionization, preferably with a ready control
of their rate of efffux from the charge zone. In picking
the particular charge material it is an advantage not only
to choose one that is readily ionizable, but also one un-
likely to preduce by-products apt to condense or deposit
on critical portions of the mechanism. For example,
under some conditions uranium tetrachloride tends to de-
posit in solid form on the arc and accelerator plates and
when it does so it distorts the shape of the electrical fields
in the accelerator region and appears correspondingly to
distort the beam itself.

In choosing the materials going into the charge re-
ceiver, it is also iraportant carefully to choose the ma-
terials of which various parts of the mechanism, particu-
larly in the source regicn, are fabricated, since during
the operation of the device, the structural materials
themselves are sometimes ionized and are carried around
in the beam and are found in the collector. For exam-
ple, portions of the source fabricated of copper and of
carben sometimes sputter away or are ionized and car-
ried into the collector in quantities sufficiently large to be
taken into account during the chemical cleaning of the
cellector as a part of the recovery operation. . While
copper and carbon are relatively easily dealt with dur-
ing the chemical recovery operation, it is found that some
materials utilized as alloying agents in stainless steel, for
example, are somewhat difficuit to take into chemical
account. An example is molybdenum. Thus, it is ad-
visable in designing the source portion especially to
choose materials not cnly capable of withstanding very
high temperatares, and not only serving as excellent
thermal conductors in order to prevent excessive localized
femperatures, but also that will not introduce elements
hard to remove from the collector, or elements whose
chemical separation from the uranium is difficult after
removal from the collector.

The foregoing considerations apply equally to the fab-
rication of the collector structure, with special regard to
its resistance to the chemical freatment employed in re-
covering the primarily desired material. For example,
acid washes are often encountered in. the chemical re-
moval process and it is desirable that the materials of
the collector be inert or substantially inert to the wash
chemicals in order not to introduce any deleterious or
undesired foreign matier.

In the general operation of all of the forms of the in-
vention disclosed herein, it appears to be advantageous
very carefully to establish the voltage difference between
the source block and the accelerator mechanism, . as this
voltage difference appears to exert considerable effect
upon the shape of the arc plasma surface extending be-
tween the sides of the arc block aperture. - When the
veltage is too low this plasma surface even extends out-
wardly from the arc block into the main tank and pro-
duces a widely divergent beam. As the voltage is in-
creased, the arc plasma surface retreats within the arc
block and assumes a concave form conducive to good
beam focus. The factors here are the provision of a
large plasma surface in order to afford a large produc-
tion of ions, and yet a surface of an appropriate con-
tour to foster good beam focus.

Distinct from the arc plasma is the beam plasma, pre-
cisely defined and readily visible when the space charge
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neutralization is complete or substantially complete. The
beam plasma under these circumstances in eftect is
bounded by an envelope of substantially the geometrical
contours illustrated herein. The plasma boundary rep-
resenis a sharp distinction between the plasma of the
beam itself and the surrounding atmosphere, in that volt-
age measurements by probe extending transversely of the
beam show approximately a one-volt difference between
the beam and its surroundings and indicate that this dif-
ference occurs almost entirely at the surface or boundary
of the beam plasma. In the event this voltage difference
or distinct boundary of the beam plasma is not discerned,
it is concluded that space charge neutralization is not
adequate or complete.

The beam itself, when the apparatus has settled to a
steady state of operation under appropriate conditions
of functioning on uranium tetrachloride, is usually a me-
dium blue color, rather thinly transparent, very distinctly
distinguished from the surrounding atmosphere and back-
ground, and maintains its shape and path quite steadily,
but occasionally is horizontally or longitudinally striated.
The striations may be due to the deposit of small particles
on the arc aperture plates or upon the accelerator plates,
or to slight irregularities in the bounding edges of these
paris, producing small deviations in the field. Occas-
ionally during operation there may be an electrical dis-
charge at the source in. the nature of a spark. When
this- occurs momentarily, the beam is instantly inter-
rupted, but as promptly reconstitutes itself.

In all forms of the invention disclosed herein it is pos-
sible to attain the goal initially set, to separate discretely
very large or macroscopic or commercial quantities of
mixed materials, not only materials: made up of the
lighter elements, but also charges made up of the heavier
elements. In accordance with the structure and method
of invention, it is now possible to provide large quantities
of ionically separated materials, and particularly to pro-
vide macroscopic amounts of U235 separated and segre-
gated from its prev1ous intimate xntermlxture in normally
occurrmg uranium.,

What is claimed is:

1. A separator comprising an ion source mechanism,
an ion receiver mechanism, an electrically conducting
tank  enclosing  said mechanisms and  constituting a
vacuum vessel,r means for establishing the potential of
said mechanisms at different values, means for estab-
lishing the potential of said tank at the value of said
ion source mechanism, an electrically conducting liner
within said tank, and means for establishing the potential
of said liner at the value of said ion receiver mechanism.

2. A separator comprising a vacuum vessel, an ion
source within said vessel, an ion receiver within said ves-
sel, a liner within said vessel extending substantially
between said source and said receiver, and means for
establishing said liner and said receiver at one potent1a1
and said source at a different potential.

3. A separator comprising a source unit including
means forming a charge chamber having an outlet aper-
ture, and a removable charge container disposed within
said charge chamber and having an opening adapted to
register with said aperture.

4, A separator comprising a source unit including
means forming a charge chamber having thermally con-
ducting walls and an aperture therein, a removable charge
container disposed within said charge chamber and hav-
ing an opening adapted to register with said aperture, and
means for effecting a thermal transfer through said walls
to a charge in said container to drive vapor of said charge
through said opening and said aperture.

5. A separator comprising means for establishing a
magnetic field having a predetermined flux direction, a
mounting having a predetermined . orientation with re-
spect to said flux direction, a source unit including means
for producing a linear arc, means for supporting said
source unit upon said mounting for swinging movement
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about an axis perpendicular to said flux direction, and
means for swinging said source unit about said axis 1o
dispose said linear arc in said flux direction.

6. A separator comprising means for establishing a
magnetic field having a predetermined flux direction, a
mounting having a predetermined orientation with re-
spect to said flux direction, a source unit including means
for producing a linear arc, means for supporting said
source unit upon said mounting for swinging movement
about two axes perpendicular to said flux direction and
to each other, and means for swinging said source unit
about said axes to dlspose said linear arc in said flux
direction,

7. A separator comprising means for establishing a
magnetic field having a predetermined flux direction, a
vacuum envelope disposed in said field and- including a
mounting having a predetermined orientation with re-
spect to said flux direction, a source unit including means
for producing a linear arc within said envelope, means
for supporting said source unit upon said mounting for
movement about an axis perpendicular to said flux direc-
tion, and means conirollable outside said envelope for
moving said source unit about said axis to dispose said
linear arc in said flux direction.

8. A separator comprising means for establishing a
magnetic field having a predetermined flux direction, a
vacuum envelope disposed in said field and including a
mounting having a predetermined orientation with re-
spect. to said flux direction, a source unit including means
for producing a linear arc within said envelope, means
for supporting said source unit upon said mounting for
movement about two axes perpendicular to said flux
direction and to each other, and means controllable out-
side said envelope for moving said source unit about
said axes to dispose said linear arc in said flux direction.

9. A calutron comprising a vacuum envelope, a source
unit including means forming an arc chamber disposed
within said envelope and having an opening therein, and
means controllable outside said envelope for varying the
size of said opening,

10. A calutron comprising a source unit including
means forming an-arc chamber having an opening there-
in, plates disposed at each side of said opening and mov-
able toward and away from each other ta overlie more
or less of said opening, and means for moving said plates
in unison.

11. A calutron comprising a source wunit including
means forming an arc chamber having an opening there-
in, first plates disposed at each side of said opening and
movable toward and away from each other to overlie
more or less of said opening, second plates disposed at
each side of said opening overlying said first plates
and movable toward and away from each other to over-
lie more or less of said opening, and means for moving
said first plates and said second plates.

12. A calutron comprising a vacuum envelope, a
source unit including means forming an arc chamber
having an opening therein, plates disposed at each side
of said opening and movable toward and away from
each other to overlie more or less of said opening, and
means controllable outside said envelope for moving said
plates.

13. A calutron comprising: a vacuum envelope, a
source unit including means forming an arc chamber
having an opening therein, first plates disposed at each
side ‘of said opening and movable toward and away
from each other to overlie more or less of said opening,
second plates disposed at each side of said opening over-
lying said first plates and movable toward and away
from each other to overlie more or less of said opening,.
and means controllable outside said envelope for moving
said plates.

14, A calutron comprising a vacuum envelope. includ-
ing a mounting, a source unit supported on said mount-
ing and including an arc chamber having an opening
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therein, a cathode unit supported on said mounting and
including a filament, and means controllable outside said
envelope for moving said filament with respect to said
opening. ’

15. A calutron comprising a vacuum envelope includ-
ing a mounting, means supported on said mounting
and forming an arc chamber within said envelope, a
cathode unit supported on said mouating and includ-
ing a filament within said envelope, and means con-
trollable outside said envelope for moving said filament
with respect to said arc' chamber.

16. A calutron comprising a vacuum. envelope includ-
ing a mounting, a cathode unit supported on said. mount-
ing and including a filament tube having an axis, means
for moving said filament. tube along said axis, means
for moving said filament tube transversely of said axis,
means for rotating: said filament tube about said axis,
and means controllable. outside said envelope for oper-
ating said moving and sdid rotating means.

17. A calutron comprising a vacuum envelope includ-
ing a mounting, an outer tube movably supported on
said mounting, means for swinging said tube with re-
spect to said mounting, an inner tube axially slidable
within said outer tube, means controllable. outside said
envelope for sliding said inner tube within said outer
tube, a filament mounted on said inner tube and dis-
posed within said envelope, means extending through
said inner tube for conducting electricity from outside
said envelope to said filament, and means for maintain-
ing the vacuum-tight integrity of said envelope despite
the motions of said tubes.

18. ‘A calutron comprising a vacuum envelope includ-
ing. a mounting, an outer tube movably supported on
and - insulated from said mounting, means for swinging
said tube with respect to said mounting, an inner tube
movably supported within said outer tube, means con-
trollable outside said envelope for moving said inner
tube with respect to said outer tube, a filament mounted
on said inner tube and disposed within said envelope,
means extending through said inner tube for conducting
electricity from outside ‘said envelope to said filament,
an anode supported on said mounting, and means for
including said filament and said anode in an electrical
circuit.

19. A calutron comprising a vacuum envelope, a
source unit within said envelope adapted to supply ions
for travel in a predetermined path, a pair of accelerator
plates disposed within said envelope on opposite sides
of said path, and means controllable ocutside said en-
velope for moving said plates relative to each other.

20. A calutron comprising means for establishing a
magnetic- field having flux in a predetermined direction,
a vacuum envelope within said field, a source unit within
said envelope adapted to supply ions for travel in a pre-
determined path, a pair of accelerator plates disposed
within said envelope on opposite sides of said path, said
plates having facing edges disposed in said direction, and
means. for moving said plates relative to each other
while maintaining the dispositicn of said edges in said
direction.

21. A calutron comprising a vacuum envelope, a
source unit within said envelope adapted to supply ions
for travel in a predetermined path, a pair of accelerator
plates: disposed on opposite sides of said path, mearns for
moving said plates relative to each other in a direction
across said path, and means for establishing a potential
difference between said source unit and said accelerator
plates.

22. A calutron comprising a vacuum envelope includ-
ing a mounting; a source unit within said: envelope and
supported on said mounting, said source unit having a
discharge opening, a pair of accelerator plates supported
on said mounting and disposed on opposite sides of said
opening, means for changing the position of said accelera-
tor plates with. respect to. said opening, and means for
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establishing a potential difference between said source
unit and said accelerator plates.

23. A calutron comprising a vactum envelope includ-
ing a mounting, a source unit within said envelope and
supported on said mounting, said source unit having a
discharge opening, a pair of accelerator plates supported
on said mounting and disposed on opposite sides of said
opening, means controllable outside said envelope for
changing the position of said accelerator plates with re-
spect to said opening, and means for establishing a po-
tential difference between said source unit and said ac-
celerator plates in all positions thereof.

24, A calutron comprising means for establishing a
magnetic field having a predetermined flux direction, a
vacuum envelope within said field, a source unit within
said envelope, said source. unit having a discharge open-
ing with its center line parallel to said flux direction, a
pair of accelerator plates disposed on opposite sides of
said opening parallel to said center line, said plates hav-
ing straight facing edges, and external means for moving
said plates angularly with respect to said center line.

25. A calutron comprising means for establishing a
magnetic field having a predetermined flux direction, a
vacuum envelope within said field and including a mount-
ing, an accelerator-mechanism within said envelope mov-
ably supported on said. mounting, said mechanism having
a linear effective edge, and external means for moving said
mechanism to rotate said edge angularly with respect to
said flux direction.

26. A. calutron. comprising means. for establishing a
magnetic field having a predetermined flux direction, a
vacuum envelope within said field and including a.mount-
ing, an accelerator mechanism within said envelope mov-
ably supported on said mounting, said mechanism having
a pair of relatively movable, linear effective edges, means
controllable outside said envelope for moving said edges
relatively, and means for moving said edges angularly
with respect to said flux direction.

27. A calutron comprising a vacuum envelope, a source
unit within said envelope for supplying a stream of ions,
and means including a pocket for receiving and retain-
ing ions.from said stream, said pocket having a narrow in-
let opening for admitting jons and a wall disposed. op-
posite said opening and inclined at an acute angle with

> respect to the trajectories-of ions admitted. therethrough.

28. A calutron comprising a vacuum envelope, means
for supplying a stream of ions. within said envelope, and
a pocket for receiving and retaining ions from said stream,
said pocket having walls that converge at an acute angle.

29.. A calutron comprising a vacuum envelope, means
for supplying a stream of ions within said envelope, and
an ion-receiving and retaining pocket having a width
defined by walls: that converge at an acute angle toward
an. inlet. opening of lesser width.

30. A calutron comprising a vacuum envelope, means
for supplying a stream of ions within said envelope, and
an ion receiver having an outer shell provided with an
opening therein, and an inner pocket having an aperture.
aligned with said opening:

31. A calutron comprising a vacuum envelope, means
for supplying a stream of ions within said envelope, and
an ion receiver having an outer shell provided with a
plurality of openings therein, and a plurality of individual
inner pockets each having. an. aperture therein aligned
with one of the openings in said shell.

32. A calutron comprising a vacuum envelope, means
for supplying a stream of ions within said envelope, and
an ion receiver including an outer shell having:an opening
therein, a pocket within said shell having an aperture in
alignment with said opening, and a lining covering the
interior of said pocket except for said aperture. .

33. A calutron comprising a vacuum envelope, means
for supplying a stream of ions within said envelope, and
an ion-receiving pocket having a predetermined width and.
having an opening of lesser width and of a contour com-
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parable to the cross-sectional shape of the ion beam to
be received. .

34. A calutron comprising a vacuum envelope, a source
unit for supplying a stream of ions in a predetermined
location within said envelope, an ion receiver within said
envelope, means included in said recetver for defining
an opening to receive said ion stream, and means for
moving said receiver to dispose said opening in a predeter-
mined location along the path of said ion stream.

35. A process of separating mixed materials of differ-
ent nuclear masses comprising producing ions of said ma-
terials of the same charge sign in quantities to foster a
space charge of disruptive effect, and providing an ambient
atmosphere for said ions at a pressure of the order of 10—*
to 105 mm. Hg. )

36. A process of operating a calutron having means
for producing two ion streams a predetermined distance
apart and two receiving elements disposed substantially
said predetermined distance apart comprising directing
said two ion streams to a location disposed a given dis-
tance from said two receiving elements, and then produc-
ing relative motion between said two ion streams and said
two receiving elements an amount substantially equal to
said given distance, whereby said two ion streams are
respectively received by said two receiving elements.

37. A process of operating a calutron having means
for producing two ion streams a predetermined distance
apart and two receiving elements disposed substantially
said predetermined distance apart comprising directing
said two ion streams to a location disposed a. given dis-
tance from said two receiving elements, and then moving
said two ion streams with respect to said two receiving

. elements an amount substantially equal to said given dis-
tance, whereby said two-ion streams are respectively re-
ceived. by said two receiving elements,

38. A process of operating a calutron having means
for producing two ion streams a predetermined distance
apart and two receiving élements disposed substantially
said predetermined distance apart comprising directing
said two ion streams to a location disposed a given dis-
tance from said two receiving elements, and then moving
said two receiving elements with respect to said two ion
streams an amount substantially equal to said- given dis-
tance, whereby said two ion streams are respectively re-
ceived by said two receiving elements.

39. The method of operating a mass separator having
an adjustable ion beam projecting mechanism and a pair
of beam intercepting devices comprising directing said
beam to be intercepted by one of said devices during ad-
justment of said projecting mechanism, and after ad-
justment of said mechanism projecting said beam to the
other of said devices.

40. A calutron comprising an evacuated envelope hav-
ing a wall, a cathode tube supported on and extending
through said wall, a pair of mutually insulated electrically
conducting tubes extending through said cathode tube, a
heat evolving filament electrically connected to said pair
of tubes, and means for circulating a cooling fluid through
each of said pair of tubes for carrying away heat from
said filament.

41. A calutron comprising an evacuated envelope hav-
ing a wall, a cathode supporting tube extending through
said wall, a pair of mutually insulated electrically con-
ducting outer tubes extending through said cathode tube,
a heat evolving filament electrically connected to said
outer tubes, a pair of inner tubes each extending partially
through an associated one of said outer tubes, and means
for including each of said associated inner and outer tubes
in-a separate cooling fluid circulating circuit.

" 42. A separator comprising an ion source mechanism,
an ion receiver mechanism, an electrically and magneti-
cally conducting tank enclosing said mechanisms and
constituting a vacuum vessel, an electrically conducting
and nonmagnetic liner adjustably mounted on insulating
means within said vessel between said mechanisms, means
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controllable externally of said vessel for adjusting the
position of said liner, and potential means connected be-
tween said source and said receiver for establishing a
voltage difference therebetween, said source being elec-
trically connected to said tank and said liner being elec-
trically connected to said receiver.

43. In a separator having an evacuated tank, means for
establishing a magnetic field along a given axis through
said tank, an ion source mechanism disposed within said
tank, and an jon receiver mechanism disposed  within
said tank, the combination comprising accelerating elec-
trodes disposed in alignment with an opening in said ion
source for withdrawing ions therefrom and projecting said
ions transversely of said magnetic field to said receiver,

5 an electrically conducting liner mounted within said tank

for surrounding a substantial portion of the path of said
ions with an equipotential surface, and a transition mem-
ber mounted on said electrodes and terminating within
said liner for extending said equipotential surface for the
remaining portion of the path of said ions.

44. In a separator having an evacuated tank, means
for establishing a magnetic field along a given axis
through said tank, an ion source mechanism disposed
within said tank, an ion receiver mechanism disposed
within said tank, the combination comprising accelerat-
ing electrodes disposed in alignment with an opening in
said source for withdrawing ions therefrom and project-
ing said ions transversely of said magnetic field to said
receiver, an arcuate, electrically conducting and non-
magnetic liner mounted within said tank between said
source and said receiver surrounding the path of said
ions with an equipotential surface for a substantial por-
tion of said path, and an electrically conducting and non-
magnetic transition member mounted on said accelerating
electrodes and terminating within said liner for extending
said equipotential surface the remainder of the path of
said ions, said transition member being electrically con-
nected to and mechanically independent from said liner.

45. A process of separating mixed materials of differ-
ent nuclear masses comprising producing ions of said
materials of the same polarity in quantities to foster
space charge of disruptive effect, and controlling the
ambient atmosphere for said jons at a pressure substan-
tially 10—¢ mm. Hg for providing particles of opposite
polarity upon collisions between molecules of said atmos-
phere and said jons in quantities to offset said disruptive
effect.

46. A process of separating mixed materials of differ-
ent nuclear masses comprising producing ions of said
materials of the same materials, accelerating said ions in
quantities to foster space charge of disruptive effect, and
providing an ambient atmosphere for said accelerated
ions at a pressure of the order of 10— to 10—% mm. Hg.

47. A calutron comprising a vacuum envelope, means
for supplying a stream of ions within said envelope, an
fon receiver disposed in said envelope in intercepting
relation with said streams of ions, means controlled out-
side said envelope for moving said receiver along the
path of said stream of ions, and means for angularly
adjusting the position of said receiver with respect to said
stream of ions.

48. A calutron comprising a vacuum envelope, means
for supplying a stream of ions within said envelope, an
ion receiver disposed in said envelope in intercepting
relation with said stream of ions, means controlled out-
side said envelope for moving said receiver along the
path of said stream of ions, and means controlled out-
side said envelope for angularly adjusting the position of
said receiver with respect to said stream of ions.
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