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1

The . present invention relates to pumping

methods and apparatus. and wmore pariicularly
to new.and improved pumping methods and ap-
paratus that are of exceptional utility at pres-
sures approaching absolute vacuun.

AL the present time, beoth mechanical and diffu-
sion .pumps are used for evacuating vessels o
low pressures,. 1. e. pressures approaching ab-
solute vacuum. . The degree of vacuum ohizain-
able. with the. formep ranges from 10-2 to 10—
mm. mercury, and pressures as low as 10-7 mm.
mercury -can be obtained with the latter. In
comamercial operations such as the manufacture
of radio tubes, for example, it is customary to
use diffusion pumps .fo obtain a relatively high
degree-of vacuum and then. to employ so~called
“getters” for the purpose -of making residual
gases inactive. However, it has not been pos-
sible, with these devices, t0 secure a vacuum
greater than 108 mm. mercury, even under the
best conditions. .

It is.an.object of the invention, accordingly,
to provide new. and improved rmethods and ap-
paratus for effectively evacuating a vessel to a
much lower pressure than has been possible here-
tofore. .

Another cbjsct of the invention is to provide

new and improved pumping apparatus which is
capable of acting separately and independently
on.individual molecules of a gas in g vessel.
According to-one feature of the invention, the
individual molecules of a gas are subjected 1o
forces-which cause them to move in a predeter-
mined direction. The direction of iravel may
be-for the purpose of circulating the gas mole-
cules or for urging relatively widely separaited

molecules away from a vessel to be evacuaved.

More specifically, gas molecules in the vessel are
ionized . In.any suitable manner as by collision
with electrons, for example, positive and/or nega-
tive ions being formed in the progsss.  These
charged ions are subiectzd to a potential gradient
which forces them. to move in a desired direction
which may be out of the vessel, for example.

In. this fashion, -positive or negative ions may
- be .directed tg suitable bafiie means whare they.

may be concentrated to a density sufiicient to ke
acted. .upon- by -conventional vacuum pumping
means. . |

in.one modification, an electromagnetic field

may be employed Io contrel the -direction of

movement of the colliding electrons and of the
positive .and/or negatlve ions produced when the
electrons -collide - with gas molecules. By virtue

of this construction, the probability of any gas.
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2
moliecule-being struck is increased, and any tend-
ency - of .the ions. to follow random vpaths is
reduced.

Obviously, either positive or negative ions ean
e removed by assigning the proper polarity. to
the potential gradient fo which the gas mole-
cules are subjected. Also, both kinds of ions
can ke removed simultaneously by establishing
in'the device two potential gradients of opposite
polarites, as will be described hereinafter. The
invention also provides means for removing any
uncharged or neutral particles that may be
present. |

JAccoraing 1o another feature of the invention,
8" vessel is evacuated to .a very high desree of
vacuum by utilizing the method outlined briefly
above to0 produce a concentration of gas ions at
a predetermined location, and then removing
the concentrated gas ions by means of new and
improved “getter” techniques.

I will be apparent, therefore, that the in-
vention enables 'a vessel to be evacuated to 2
considergbly higher degree of vacuum than has
been "possible heretofore. By ionizing the gas
molecules and utilizing a potential graqient, with
or without a magnetic fieid, to force the gas ions
tc move in a desired direction, more of such
residual molecules can be removed than is pos-
sible with any prior apparatus. As a resuls, a
degree of 'vacuum can be secured which is of
the order of one thousand or more times the
best “degree "of ‘evacuation hitherto thought to
bé obtdinable.

Additional objects and advantages of the in-

‘vention will be apparent from the following de-

tailed description of several typical embodiments,
taken in conjunction with the accompanying
drawings, in which:

Mg 1 is a schematic diagram, partiv in sec-
vion, of pumping apparatus constructed accord-
g to the invention:

Filg. 2 is an enlarged fragmentary view, in
perspective, of a portion of the apparatus shown
in Big. 1. -

Fig. 3 is a fragmentary view, also in perspec-
tive, of a modified form of the invention:

Ilg.. 4 is 'a fragmentary perspective view of
another modification; .

¥ig. 5 is a schematic diagram of another em- .
podiment designed to act upon both positive |
and negative particles in a . vessel:

¥ig. G Ilustrates schematically a typical way -
of -evacuating a chamber in accordance with
the invention; .

Fig. 7 is a schematic .diagram of a modified
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form of evacuating technique embodying the in-
vention; and

Fig. 8 is a schematic showing of another modi-
fication of the technique illustrated in Fig. 7.

Referring to Fig. 1, a chamber i, which is
to be evacuated, is connected through an en-
closure {2, which may be cylindrical in shape,
for example, to a conveniional vacuum pump
(3. The latter may be of any desired and well
known forin of construction and it need not
be aqescribed in detail herein.

The pump {2 is used tc evacuate the chamber
{{ to the degree obtainable with pumps of known
arid conventional construction, which may be,
say, 10—8 mm. mercury, for example. After evacu-
ation in this manner, a certain numpoer of gas
moiscules will still remain within the closed sys-

10

15

tem comprising the chamber {{ and cylindrical

pump enclosure 12. These molecules move in the
crdinary randem manner of gas molecules and
if & few of them should be drawn off by the pump
i3, the effect on the remaining molecules will be
relatively slight.

In order tc concentraie the remaining mole-
cules and to urge them toward the pump {3,
the molecules may be ionized by collision with
clectrons provided by an electrical conductor &
which may extend longitudinally within the cy-
lindrical enclosure {2 substantially along the axis
thereof. The conductor {8 is shown supported
by the lead wires {8 and {§ which extend to the
exterior of the enclosure i2. The enclosure (2
may be made of glass, for example, in which
event the lead wires 18 and {§ should preierably
be made of a matberial having an appropriate
tinerial ceefficient of expansion. The conductor
id may be heated by any suitable source of elec~
trical energy such as a battery {7, for example,
through a reversing switeh {1/, its temperature
being conirollable in any appropriate manner as
by a variable resistor 18 included in the circuit
of the lead wire 15. The lead wire 6 1S shown
grounded at {9. The surface of the conductor {4
may be treated in any suitable manner to render
it highly emissive of electrons.

Tons thus produced in the chamber {{ and/or
the cylindrical pump enclosure {2 are caused to
move in a desired direction by subjecting them
to an electric field of suitable potential gradient
to effect this result. The electric field may be
produced in any desired manner, as Ior example,
by disposing 2 nlurality of annular anodes com-
prising end anodes 28 and 21 and intermediate
anodes 22 in spaced relationship along the inte-
rior of the cylinder pump enclosure 12, sub-
stantially concentrically both with respect to the
conductor {4 and to the enclosure {2. Extending
from each of the annular anodes 28, 21 and 22
is a lead wire 23, each pair of adjacent lead
wires 23 being shown connected together through
g resistor £4.

The anode 2! is shown connected by a further
lead wire 25 through g suitable reversing switch
25’ to the positive ferminal of a suitable source
of anode potential indicated diagrammatically
as a battery 26, the negative ferminal of which
is shown grounded at 27. The other end anode
20 is shown connected by a lead wire 28 through
an adjustable resistor 29 to a fthree-position
switch 33,

At one end of pump enclosure 12 is shown &
bafile 1 (Figs. 1 and 2) which may comprise,
for example a disc of ion permmeable material 32
interposed between itwo grid-shaped electrodes
33 and 34 from which lead wires 3% and 36, re-
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spectively, extend to the exterior of pump enclo-
sure (2. The ion permeable material 32 may
be any suitable porous material capable of with-
standing the potential difference between the
electrodes 33 and 24, such as glass wool, for
example. The grid 34 is shown maintained nega-
tive with respect to ground by a suitable source
of potential indicated as a battery 31, and the
orid 3% is maintained at a potential more nega-
tive than the grid 34 by means indicaied dia-
erammatically as a further battery 38, suitable
reversing switches 37’ and 38" being provided o

facilitate the reversal of the potentials applied

to the grids 384 and 83, respectively.

Iin operation, let it be assumed that the switch
25’ is positioned as shown in Fig. 1, so that a
positive potential is impressed upon the con-
ductor 25 with respect to ground; the switch 36
is in the neutral position as shown; and the

switches 37’ and 38’ are in the posifions shown

so that the grid 23 is made more negative than
the grid 84, while the latter is also negative with
respect to ground. Under these conditions, elec-
trons emitted by the filament i4 are atiracted
to the several anodes 28, 2§ and 22 by reason
of the positive potential applied thereic by the
source 25. In the case of the intermediate anodes
22 and the end anode 28, the resulting current

- flow reduces the magnitude of the positive poten-

tial by reason of the cumulative potential drops
in the several resistors 24. This renders the end
anode 290 negative with respect to the other end
anode 21, the intermediate anodes 22 being nega-
2f In varying
degrees depending upon the number of infer-
vening resistors 24. This establishes a potential
sradient within cylindrical enclosure {2 such that
the left end is appreciably more negative than
the right end.

- The switch {7’ should preferably be positioned
as shown in Hig, 1, so that the left end of con-
ductor {4 is connected to the negative terminal
of source (1. When so connected, if the con-
ductor 14 is heated from a unidirectional current
source, the potential gradient along its length
will be in the same direction as that established
by the anodes, although not necessarily of the
same magnitude.

The sources of potential difference 28, 37 and
38 should preferably be variable (adjustable) be-
cause the ionization potential or potentials of the
cases within the chamber and within the cylin-

- drical pump enclosure 2 will be quite different
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for different pressures of the gases. By way of
example, the several potentials supplied by the
sources 25, 37 and 385, respectively, mnight be con-
finuously and independently variable (adjust-
able) from zero to say 100,000 volts. These values
are not critical but can be varied depending upon
the operating conditions desired.

Some of the electrons which are emitted from
the conduetor 14 strike gas molecules in traveling
toward the anodes. These collisions liberate
electrons from the gas molecules causing them
1o become positively charged ions. These posi-
tive ions are acted upon by the potential gradient
within pump enclosure {2 and are urged toward
the left end thereof, away from the chamber {1
which is o be evacuated. It will be apparent
that it is not necessary for the molecules to be
present in sufficient numbers to build up any gas
pressure as in pumps hitherto known. It will
suffice if the structure is so arranged that the
probability of every molecule within the pump
enclosure 12 peing struck by an electron and




thiereby Sbecoming ionized s refatively high. .As
soon 85 the gas is ionized, each positive zas fon.

wiil be urged leftwardly “toward the outlet end

of the pumup.

On traveling toward the left, the positive .ions
will ke drawn towards the baffle 34 by reason of
the additional negative potential:applied $o-elec-
trede 84, Upon reaching the ion permeable mass.

B

s, the Jong will ‘be drawn towards thie ielectrode

3 :to which a.f urther negative potential isapplied
by the hattery 38. The ions will thus ‘be drawn

tnrough the mass 22 with their freedom of INOVE-
ment vestricted and their velodity rstarded so

that they may no longer recireulate ‘within the

puinpdenciosure {2, Aftertraversingithe mass’3?
they. may be deionized and Tormmeutral gasmole-
culeg, ‘and these ‘gas molecules may .concettrate
to a-density sufficient ‘to ‘be meted upon: oy the
conventionalvecuum nump 3. .

-Under ihe ‘conditions deseribed, ‘the ‘valuss <ot
the several resistors 24 may be proportioned o
obtain the desired potentialigradienit inthepres-
ence of-current fow resulting from the:dttraction
of -electrons by the ancdes 28, 21 and 22. If de-

sired, however, the switch ‘58 may be positioned

to the right so that it ‘makes contact with the
contact 138, "Ihig establishes 2 civeyit From the

source &8 through the conductor 2%, the resistors

24 and the adjustable resistor 29to eround. ‘The
resistor 29 may then be so adjusted that a poten-
tial gradient will be obtained even in the pome
plete absence of current fow wresulting . from the
attraction of electrens by the seversl anodes.
Anevengreaterneggtive potentizlm ay.-beapplied
to the anode 286 by throwing thie switch. 30 to tha
left, thereby establishing ‘contact with the con-
tact 49 which is connecied ‘to the negative tere
minal of thesource 37.

Fig. 3 shows a modified Torm .of the invention
utilizing an -electromagnetic field ‘which is pref-
erably directed longitudinaily of the ‘eonductor

€. This field, in-combination with the ‘electric.

field, tends to cause the slectronsg emitied by the
conductor {4 to travelin'subgtartially linearpaths
towards the vight, whereas the positive ions tend
to move. in similay linear paths extending towards
the left. 'The former condition incresses the
probability of ‘any gas molecule being ‘struek.
Similarly, the latter condition reduces any tend-
enecy ol positive ions to follow random paths.
The magnetic field may be obtained in any suit-
able manner as by positioning one or niore coils
41 (Fig, 3) intermediate adiacent anodss, for ex-
ample. The coil 41 is shown diagrammastically
as comprising g relatvively few turns. In practice,
however, it may consist of a relatively large num-

ber of turns of fine resistance wire, thus serving

both as & coil and as cne of the resistors 24. The
coil should preferably be built up of materials
whose properties do not tend to cause adherence
or:retention of gas molecules.

In Big. 4 ‘is shown a further modification in
which tie anodes are replaced by an electrically
conductive coatving 42 helically ‘applied to the

mner surface of the sump enclosure 2. The ¢

coating may have elecirically resistive properties

which result in the production of ‘the desired

potential gradient and . it may consist of a large

numper of spaced turns forming the helix, there-

by producing o relaitvely sirong longitudinal
magnetic f
lead wires have been omitted from Figs. 3 and 4
for-clarity of illustration.

Preferably ‘the pump comprising the present

wmverition should be kept hot.in operation so that

ield. The filament 14 and the various
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6
any «(all) 'gas ‘molecules touching any surface
within fhie pump will be given sufficient energy

that such :gas molecules cannot become oceluded.

upon.any suriace within the pump, including any
(&all) inner :surfaces of the bafie 34. The pump
apparatus may be kept hot in any desired man-
ner-as by electric .induction heaters 60 (Fig, 1),

for .example. Also, the -conductive coating 42

shown in Fiz. 4 may be designed o generate heat,
Other heating ‘means will suggest firemselves {0
those skilled in the:art.

In:scme cases, megative ions may be formed Dy
1onization 'of the gas:in theenclosure ‘12 s vwhere
a-gas.like Oz, No.or He is present. .Any nesgtive

- lons ‘thus formed may “be removed by reversing
thie polarity of the potential gradient established

oy the :anodes 29,721 :and .22, ‘at the same time

regversing the polarities .of ithe ipotentials applied

tothe.grids 33 and 34 of the bafile 3!. Further,

hy aiternately applying positive and negative po-~

tentials for successive periods of time, both posi-
tive and negative fons may be removed Ny means
of theapparatus shown inFig. 1. |

1% is:als0 ‘possible fo remove Hoth positive and

nggative lons simultaneously by connecting two

pump enciosures (42 and 12q, designed to remove
positive and negative ions, respectively, from &
chiambser {1 to be evacuated, :as shown in g, 5.
In tnis figure, the elements asseciated with the:
ericlosure 42 are substantially identical . with those
shown in Fig, 1 and-sre.desighated by liks. refer-
ence characters. The elements associated with
vhe enclosure {22 are glso:substantially identical
with -those ‘of Fig. 1, and like parts have been
designated by like reference characters with the
subscripé z. The imanner of gperation -of this
modification will ‘be readily apparent from the
operasive description of Fig. 1, which :is eiven.
akbove.

If any electrically neutral particies are formed

n the chamber i, in addition Lo ‘positive and

negative ions, such neutral particles may be re-
moved by dntroducing z positive ion forming gas
Or vapor such as mercury, for example, into the
champer I from a conduit 48’ (IMig. 5). Ioniza-
tion of this gas in the enclosures {2 ang/or {ia
produces positive ions which maove leftwardly
through each/either of the enclosures {2 and/or
2o and through the chamber (! in g, b and
carry along with them any neutral particles that
may be present.

Neutral:-particies can also be:removed by-intro-
ducing a negative don producing fluid into the
chamber || through. a conduit 41. Upon ioniza-.
tion ¢f such.fuid ineach/either of ‘the encliosures
12:and/or (2a (Fig. 5) negative ions move towards
the right-and carry with them neuiral particles
that may exist in each/either.of the enclosures 1.2
and/or [12a and:in the chamber ii. Ohviously,

neutral particles may bhe removeqd oy simuliane~

cusly introducing both positive ion forming ang
negailve ion ‘producitg fluidg. threugh the con-
duits 4%" and 41, respectively, as shown.

The '‘novel evacuatinge ‘Procedures. -described

above may be combined with new and imnproved

getter-techniques, as:shown in Fig. 6, to achieve
a ‘degree of vacuum higher than ‘is ‘possiblewith
existing ‘methods. Tn Fig. 6 is shown 8, vessel 42
which “is o ‘be evacuated to :g. high degree -of
vacuum. Thevessel 42 may he, for-example, the
glass ‘envelope ‘of -an e€lectron “tube ‘having -one
or.more electrodes 43, 44 and 45 provided with
leads ‘46, 41 -and 48, ‘respectively, ‘extending
through the wall .of ‘the ‘chamber ‘42 ‘to the -ex-
terior ‘thereof.
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According to the invention, an electrode 49
is placed over a portion of the outer wall of the
chamber 42 corresponding approximately to the
area over which the getter material is to te de-
posited. The electrode 49 is connecied by a con-
ductor 50 to the negative terminal of g suitable
source 5! of high voltage D. C., the positive ter-
minal of which is connected to the leads 46, 41
and 48 of the electrodes 43, 48 and 43, respec-
tively. Also mounted within the chamber 42
and connected by a conductor 32 to the positive
terminal of the source 51 is a getter holder 38.
The latter is so mounted that when the getier

is flashed, the gefter material will be deposited

upon the inner wall of the chamber £2 dlrectly
under the elecirode 49.

In operation, the chamber 42 is first evacuated
to a relatively high degree of vacuum by any
known pumping means connected to the exhaust

tube 54. A D, C. potential of several thousand ¢

volts negative (6,000 volts has given very satis-
factory results in receiving size electron tubses)
is then applied to the electrode 48 by the source
51. 'This causes a strong negative charge to be
induced on the
beneath the electrode 49. Meanwhile, the elec-
trodes 43, 48 and 48, and the wall of the cham-
ber 42 (except where the getter deposit is formed)
are being heated by suitable means such as, for
example, an electric induction heater or Bunsen
burner, to drive off and to ionize occiuded gases.
The positive gas ions thus formed are infiuenced
by the electric field existing in the chambey 24
and move to the region of the inner wall thereof
directly under the electrode 4£9. The gelfer is
then flashed in the usual manner. Since the
cetter particles are positively charged, they aiso
tennd to move foward the wall grea under the

electrode 49, under the infiluence of the eleciric

field. o

Since the unwanted oas molecules in the cham—
ber 42 are also concentrated at the region of the
inner wall beneath the electrode 4% when the
flashed getter particles arrive there, a thorough
mixing of the geiter and the gas takes place.
In addition, the concentration of gas moiscules
is trapped and held between the getter deposit
53 and the inner wall of the chamber 42, This
results in a much higher degree of vacuum than

is obtainable with the standard methods now

employed. Furthermore, the undesired gas IS
held more firmly by the getter than it is when

the gas is merely occluded upon the inner surface:
of the getter deposit 53, as in the usual practice.

Obviously, the same results can be achieved
by mounting the electrode 49 on the inside wall
of the chamber £z, g connection being made
therefrom to an external termingl through the
wall of the chamber 82. In this case, the gas
and the getter will both be deposited upon the
electrode 49.

In the modification shown in Fig. 7, the eX-
haust tube 88 is made of alternate sections of
glass tubing 53 and copper tubing 8b. In this
embodiment, the vacuum within the chamber #2
is reduced to the lowest possible degree obtain-

able with a standard vacuum pump, whereupon.
the copper tubing 86 is pinched at 81 to close

and seal off the exhaust tube 84. As before, the
chamber 42 and the elements contained therein
are heated to drive off, and to ionize cccluded
gas.
the exhaust tube 54 and the negative terminal
of the D. C. source &1 connected to the pinched
off segment §6 of copper tubing, the getter . is

inside wall of the chamber 42.

With the getter holder 58 aimed towards:
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g

flashed in the usual manner. As g result of this
action, the unwanted gas molecules are trapped
on the inside wall of the lowermost segment 56
of copper tubing, where the flashed getier ma-
terial is deposited. By pinching the next seg-
ment of copper tubing 56 directly above the in-
itial pinch, these trapped molecules can be re-
moved.

If, after operation for a period of time, some
a5 molecules legk into the chamber 42, the
getter can be flashed again and the next seg-
ment 58 of copper tubing pinched to remove
frapped gas molecules and restore the vacuum
to its original high condition.

As a further modification, additional getter
holders 58¢ and 58b may be placed at different
positions within the exhaust tube 54 where they
can be flashed at different subsequent times to
restore the desired vacuum conditions to the.
chamber 42 after periods of use, as shown in
g, 8. -

From the foregoing, it will be apparent that.
the invention provides highly effective methods
and apparatus for evacuating a vessel to a high
degree of vacuum i. e., a vacuum appreoaching
absolute vacuum. By ionizing gas molecules
within the chamber and influencing the ions thus
produced with an electric field, the ions may be
caused to move in g predetermined direction 1o &
collection point in order that they may be re-
moved. Further, by combining this vacuum
pumping procedure with the improved “getter’
techniques descriped ahove, degrees of vaccum
can pe secured that are far higher than any ob-
tainabie with prior methods and apparatus.

It will be understood that the several rep-
resentative embodiments described are suscep-
tible of numerous modifications in form and de-
tail within the spirit of the invention. For ex-
ample, whereas only a single baffie 31 is shown
in Fig. 1, in practice, one or more of such bafiles

might be employed. Also, although the getier
technigues illustrated in Figs. 6-8, inclusive, are
directed to the inactivation of positive ions, if.
will be understood that the same technigques with
the appropriate polarities, would be applicable
to the inactivation of negative ions. Other varia-
tiong will occur to those skilled in the art. The
specific embodiments described, therefore, are not.
to be regarded as limiting the scope of the fol-
lowing claims.

I ¢laim: - :
- 1. In a device of the class described, means for
causing the ionization of gas molecules, means for .
urging the icnized molecules in a predetermined
direction, and nonconducting, ion permegkle
means disposed in the path of said ionized mole-
cules for retaining the ionized molecules aftier
moveiment in the predetermined direction for a
predetermined distance.

2. In a device of the class descrined, an enclo-
sure, ionizaticn means arranged (o ionize gas
molecules within the erclosure, means for urging
icnized molecules in 2 predctermined direction
within the enclosure, aind nenconaucting, ion per-
mezble means disposed in the path of said ion-.
ized molecules for retaining the ionized molecules
after movement in the predeiermined direction-
for a predeterminead distance.

3. In a device of the class desecribed, an enclo-
sure, means arranged 1o ionize gas molecules with-
in the enclosure, electrostatic means for produc-
ing g potential gradient within the enclosure for
urging the ionized molecules in a predetermined
direction and nonconducting, ion permeable.
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means disposed in the path of said icnized mole-
cules for retaining the ionized molecules after
movement in the predetermined direction for g
predetermined distance.

¢ In a device of the class described, an enclo-
sure, an electron emitter within the enclosure,
ancde means for accelerating electrong from the
emivter 1o cause ionization of zas molecules with-
in the enclosure upon coliision with said electrons,
means 10r urging the ionized molecules in a pre-
determined direction within the enclosure, and
nonconducting, lon permeable weans disposed in
tne path of said ionized molecules for retaining
the lonized molecules after movement in the pre-
dgetermined dirvection for =z predetermined dis-
tance.

5. In a device of the class described, the com-
bination of a vessel fo be evacuated, o pair of
enciosures connected te said vessel, means for
ionizing gas molecules in said enclesures, means
in one of sald enclosures for urging positive ions
away irom said vessel, nonconducting, ion per-
meable means disposad in the path of said positive
lons for retaining molecuies formed therefrom,
neans in the other of said enclosures for urging
negative ions away irom said vessel, and non-
conaucting, ion permeable means disposed in the
path of said negative ions for retaining mole-
cules formed therelrom.

5. In a gevice of the clasg described, the com-
bination of & vessel t0 be evacuated, an enclostre
connected to said vessel, means for ionizing gas
molecules in said enclosure, means for ursing ions
in sald enclosure away from said vessel, noncon-
dueting, lon perineable means disposed in the
path of said ions for refaining molecules formed
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trierefrom, and means for introducing an ion-

izabie fluid into said vessel

7. In a device of the class described, the com-
bination of a vessel to be evacuated, a pair of en-
closures connected fo said vessel, means for ion-
izing gas molecules in said enclosures, means in
one of sald enclosures for urging positive ions
away from said vessel, nonconducting, ion per-
meable means disposed in the path of said posi-
tive ions for retaining molecules formed there-
from, means in the other of said enclosures for
urging negative ions away from said vessel, non-
conducting, ion permeable means disnosed in the
path of said negative ions for retaining molecules
formed therefrom, and means for introducing
both positive and negative ion forming fluids into
sald vessel.

8. In a method of circulating gas molecules, the
steps of ionizing said gas molecules, influencing
said ionized molecules with an electric field to
cause ions to move in a predetermined direction
to & reception position, and impeding the move-
ment of said ions at said reception position by di-
recting them to a nonconducting, ion permeable
baffle member to produce a concentration of ions
thereat.

9. In 3 method of evacuating a vessel contain-
ing gas, the steps of pumping said gas out of the
vessel until only relatively few gas molecules re-
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main, jonizing said gas molecules, creating agi
electric charge on a portion of the inner wall of
sald vessel, thereby causing ions to collect in the
vicinity of said charge, disposing a getter in said
vessel, and flashing said getter on said charged
portion so as to trap the ions between the Hashed
gevler and said charged portion of the wall of the
vessel,

10. In a method of evacuating a vessel having
an exhaust tube provided with a metallic portion
and containing gas, the steps of pumping out said
gas until only relatively few gas molecules re-
inaln, ionizing said gas moleculies, establishing an
electric charge on said exhaust tube metallic por-
tion, thereby causing gas ions to collect: thereat,
fiashing a getier over said coliected ions, and
pinching off said exhaust tube in the vicinity of
sald metallic portion to remove said collected gas
ions.

11. In a device for moving gas molecules, the
combination of an enclosure, an elongated elec-
tron emitter in the enclosure, a plurality of tubu-
lar electrodes mounted coaxially of said emitter
anG spaced apart therealong, resistance means
electrically connected between adjacent tubular
electrodes, a source of electrical energy coennected
to the emitter and to at least one of said tubular
electrodes, a pair of longitudinally spaced apart
Screen electrodes mounted in said enclosure near
one end of said emitter, a body of ion permeable
material disposed between said screen electrodes,
and means for controlling the potentials of said
screen electrodes with respect to a reference PO~
tential.

12. A device as defined in claim 11 in which the
resistance means electrically connected between
adjacent tubular electrodes comprises a magnetiz-
ing winding disposed coaxially with respect to the
electron emitter so as to establish a magnetic field
cocaxially of the emitter.

15. In a device of the class described, an en-
closure, an electron emitter within the enclosure,
anode means for accelerating electrons from the
emitier to cause ionization of gas molecules with-
in the enclosure upon collision with said electrons
and electrical means connected to said anode
means to establish a potential sradient within the
enclosure for urging the ionized molecules in g
predetermined direction, said anode means come-
prising helical coil means wound about an aXxis
extending in said predetermined direction.
ELMER AFTON HERTZLER.
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