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7’0 all whom it neay concern:
Be it known that I, Irving LaNeMUIR, 2
citizen of the United States, residing at

-Schenectady, in the county of Schenectady,

State of New York, have invented certain
new and useful Improvements in Method of
and Means for Obtaining High Vacua, of
which the following is a specification.

The object of my invention is to provide
a-simple and efficient means for obtaining
high vacua in closed receptacles such as bulbs
for incandescent lamps, mercury vapor rec-
tifiers, X-ray tubes, electron discharge de-
vices, etc. A further object of my in-
vention is to provide an apparatus of this
nature which will operate without mechani-
cal movement of any of its parts and which
will be quicker in its operation at low pres-
sures than any exhaustion apparatus that
has hereofore been employed.

In carrying my invention into effect I
cause a high velocity stream of mercury
vapor to flow through a tube toward a con-
densing chamber, and arrange the apparatus
in such a way that.a portion of the path of
this stream communicates with the vessel
which is to be exhausted. The gas or vapor
which it is desired to remove is entrapped in
the stream and carried along with it. I also
provide means for preventing any of the
mercury vapor from flowing away from the
condensing chamber and toward the vessel
which is being exhausted. As a result the
gas or vapor which is to be removed will not
at any point in its travel have to flow in an
opposite direction to that of the stream of
mercury vapor,

The features of my invention which I con-
sider novel are pointed out with particu-
larity in the appended claims. The inven-
tion itself, however, both as to. its organiza-
tion and what I consider its probable method
of operation will best be understood by ref-

erence to the following description taken in-

connection with the accompanying drawing

- in which I have illustrated one way in whic

my invention may be carried into effect.

As indicated in the drawing the conduit
formed by the tubes 1 and 2 has at its lower
end a bulb 3 which contains mercury. The
desired stream of mercury vapor is obtained
by heating this bulb in any convenient way.

- I 'have found that the degree of heat applied

bb

to the bulb may easily be regulated by
placing the bulb in a bath of oil in which
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an electric heating unit is immersed. By
varying the current in the heating unit the
temperature: may be varied as* desired to
vary the pressure in the bulb and the amount
of mercury which will be vaporized. The
tube 2 surrounds the tube 1 at its upper por-
tion and communicates through the side
branch 4 with the vessel which is being ex-
hausted, thus forming a second conduit for
the passage of gas between the vessel and the
first conduit. At the top of the first conduit
is a condensing chamber 5. The mercury
vapor which condenses in this chamber coi-
lects in the groove 6 around the bottom and
returns by means of the tube 7 to the bulb 3.
The gas or vapor which is carried to the
condensing chamber from the vessel which is
being exhausted may be removed through
the tube 8 by means of any convenient form
of exhaust pump which is capsble of pro-
ducing a vacuum lower than the vapor pres-
sure of mercury at the temperature at which
the bulb 3 is maintained. The stream of
mercury vapor which is produced in the bulb
3 flows through the tubes 1 and 2 with a
high velocity and the gas or vapor from the
vessel which is being exhausted comes in
contact with the stream of mercury vapor

in the region around the end of tube 1 and

is carried along with it to the condensing
chamber 5. The velocity and density of the
stream is such, however, that no gas can re-
turn against the stream. A portion of the
vapor in the stream will strike the wall of
the tube 2 and condense. If this tube were
allowed to become hot some of the mercury

would reévaporate, flow toward tube 4, and

oppose the flow of gas from the vessel which
is being exhausted. To avoid this the tube
2 is kept cool by fluid circulating in the ves-
sel 10-which surrounds it so that any vapor
which strikes the wall is prevented from re-
evaporating. The enlargement 9 of tube 2
is so shaped that there is a general tendenc

for any gas which comes in contact wit

“the stream of mercury vapor to be deflected

upward and into the condensing chamber:
It will be apparent that with this arrange-
ment the gas which is to be carried out does
not at any point have to travel in opposi-
tion to the stream of mercury vapor. The

cooling fluid is conducted into the vessel 10

by means of the pipe 11 and withdrawn by
suction on the pipe 12 which may be ad-
justed to vary the height of the fluid in the
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‘to operate to carry the fluid away. I

vessel. Pipe 13 serves as an overflow in
case pipe 12 should become clogged or fail

to use water for cooling purposes though
other liquids or an air blast may be used if
desired. The mercury vapor which con-
denses on the wall of the tube 2 falls to the
bottom .and returns to bulb 3 by means of
the tube 14. If it is desired to obtain a
vacuum higher than that corresponding to
the vapor pressure of mercury at room tem-
perature a trap 15 may be provided in the
pipe 4 which may be cooled by any con-
venient medium, such as ice, a mixture of ice
and salt, or liquid air.

A greater portion of the molecules of gas
emerging from the end of tube 1 will be
moving in directions substantially parallel
to that in which the stream is flowing. All
of those molecules which are moving in di-
rections at an appreciable angle to that of
the stream so as to effectively oppose the
movement of gas from the vessel which is

- . being exhausted will strike the cooled walls
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of the enlargement 9 of tube 2 and condense

.and thus be removed from the stream.

Hence, substantially all of the molecules re-
maining in the stream will move in approxi-
mately parallel directions toward the con-
denser 5 and substantially none of the mole-
cules will flow in opposition to the flow of
the gas. -

The following example of an actual test
made with apparatus such as I have de-
scribed will give an indication of the results
which may be obtained: A vessel having a
capacitiy of about eleven liters and contain-
ing air at a pressure of 1,100 microns was
exhausted to a pressure of 9.6 microns in
sixty seconds, that is, the pressure was re-
duced to less than one one-hundredth of the
original pressure. During the next twenty
seconds the pressure was reduced to .011
micron or to about one one-thousandth of
the pressure at the beginning of the twenty-

second period. The pressure in the condens-

inf chamber- during the first sixty seconds
fell from 870 microns to 164 microns and
during the next twenty-second period from
164 microns to 13.5 microns.

I have found that with apparatus con-
structed in accordance with my invention, as
is indicated by the above example, the pres-
sure in the vessel which is being exhausted
decreases more rapidly at very low pressures
than at higher pressures and that the lighter
the gas which 1s being removed the greater
the speed of exhaustion whereas with all ex-
haustion apparatus depending upon me-
chanically moving parts for its operation the
pressure does not decrease any faster at very
low pressures than at higher pressures, and
a light gas is not removed any faster than a
heavier gas. : : _

I am aware that apparatus similar in

grefer'
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form in some respects to that which I have
shown has been used heretofore for pumping
water and other fluids. For example, the
well known steam injector utilizes a high ve-
locity stream of steam to force water into a
boiler. In this case, however, the operation
depends upon the condensation -of all of the
steam by the water and the momentum of
the steam is imparted to the water. A jet of
steam moving at a high velocity has also
been used to pump air from vacuum drying
apparatus by means of a suction which is
created thereby. Such a device, however, is
operative only at pressures so high that
there is no tendency for any of the steam to
flow toward the receptacle from which the
air is being exhausted. :
The ordinary steam or air ejector depends
for its operation upon a lowering of pres-
sure caused by the high velocity of the jet in
accordance with hydrodynamical principles.
The gas which is being removed is thus
sucked into the jet because the pressure in the
jet is lower than that of the gas which is
drawn into it. Since the pressure in the jet

must always be considerable it is evident

that the effect present in the ordinary ejéctor

cannot be directly utilized to obtain a high
vacuum. According to kinetic theory also

the molecules in a Jet of vapor passing out
into a high vacuum must spread laterally so
that there would be no tendency for gas at
low pressures to be drawn into such a blast.
On the other hand unless means is provided
for preventing it there will be a tendency
for vapor from the jet to flow toward the
vessel which was being exhausted. This
tendency is due to the reévaporation of the
laterally moving molecules of vapor which
strike the side walls of the conduit into
which the jet passes and are condensed.
These reévaporated particles, as they leave
the heated walls, are just as likely to move
toward the vessel which is beini exhausted
as in the opposite direction. As a result
there will be formed a stream of vapor flow-
ing toward the vessel which is being ex-
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hausted which will effectually prevent the

entrance into the jet of gas at a low pres-
sure. If, however, means is provided for
preventing the formation of this stream of
vapor flowing toward the vessel which is be-
ing exhausted the gas from that vessel will
be able to come in contact with the vapor of
the jet, will mix with it and be carried along
with it to the condensing chamber. IHence a
device constructed and operated in accord-
ance with my invention does not depend
upon the creation of a suction to draw the
gas into the moving stream of vapor but
upon the prevention of the formation of a
stream of vapor which would flow toward
the vessel which is to'be exhausted and thus
oppose the flow of gas or vapor away from
that vessel.
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By the term “pressure” as used in the
above explanation and the claims which fol-
low, reference is made to the internal, static
or lateral pressure of the jet; that is, the
pressure which the jet of vapor exerts in a
direction at a right angle to the direction in
which it flows. '

A consideration of the known facts in re-
gard to the fiow of gases and vapors will
show that the pressure in the jet must in all

‘cases be greater than that which may be ob-

tained in the receptacle which is to be ex-
hausted. If it were possible to cause all of
the molecules of the vapor stream to move
in directions parallel to the direction of
flow of the stream, and with equal veloci-
ties the lateral pressure of the stream might
be reduced to substantially zero. Since it
is possible with the device described to ob-
tain a vacuum at least as low as one one-hun-
dred millionth of a millimeter, it is appar-
ent that if the device were to operate in the
same manner as an ordinary ejector the lat-
eral pressure of the stream must be reduced
to substantially zero.

According to the kinetic theory of gases
the molecules in a body of gas at rest are
in constant motion in all directions. Ac-
cording to Maxwell’s law of the distribution
of velocities, some of the molecules will move
at velocities greater than two or three times
the average or mean velocity of the mole-
cules. When the gas is given a mass mo-
tion the velocity of relative motion between
the molecules will decrease. It is apparent,
however, that this relative movement will
not entirely disappear until the gas as a
whole moves with the velocity equal to that
of the fastest moving molecules. This
would mean that with a jet of mercury va-
por it would be necessary that the jet should
be given a velocity of about 60,000 centi-
meters per second. Since the device de-
scribed has been found to operate with jet
velocities much less than this it is apparent
that the condition 1ecessary to obtain sub-
stantially zero pressure in the jet is not at-
tained in practice. '

In case it were possible to cause all of the
molecules to move in the same direction at
one point in the stream this condition would
not exist for any appreciable time because
of the collisions between the molecules due to
the fact that they move at different veloci-
ties. Hence, some of the molecules will, as
a result of these collisions, be caused to move
in directions which are not parallel to the
direction of the stream.

In considering the possible movements of
molecules at pressures which are used in the
vapor jet, account must also be taken of the
viscosity of the vapor. The layer of vapor
next to the wall of .the conduit through
which it flows will move at a lower velocity
than the vapor at the center of the conduit.

On account of this viscosity effect it is ap-
parent that it will be impossible to cause all
of the molecules of the stream to move at the
same velocity and hence for this reason the
theoretical condition which is necessary to
secure zero lateral pressure can never be
attained.

It may appear that the pressure relations
described would result in the delivery of the
molecules of vapor into the vacuous space
in a quantity more than sufficient to compen-
sate for the molecules drawn therefrom.
One of the objects of the present invention
however is to provide means for preventing
such a condition of affairs. In the structure
shown and described the molecules of gas
which tend to flow toward the space which
is being evacuated are condensed before they
have an opportunity to reach that space.

As long as the number of laterally moving
molecules is comparatively small and the
depth of the fringe of the laterally moving
molecules is less than the mean free path of
the gas molecules the gas molecules will be
able to enter the stream and be struck by
molecules which are moving in a parallel
direction and thus be carried along with
the stream. As the number of laterally
moving molecules increases and the thickness
of the fringe increases the chance of a mole-

‘cule of gas entering the stream far enough

to be struck by a parallel moving molecule
will decrease and a point will finally be

reached at which all of the molecules of

gas will be struck by laterally moving mole-
cules before they have an opportunity to
collide with a parallel moving molecule. In
applicant’s device it is probable that the
depth of the fringe of laterally moving
molecules at the point where the jet emerges
from the conduit 1 will be greater than the
mean free path of the gas molecules. Con-
sequently it is possible that none of the gas
molecules will reach the portion of the jet
which is moving in a parallel direction at
the point where it emerges from the conduit

‘1. The gas molecules will, however, be

struck by laterally moving molecules and
driven toward the wall of the enlargement 9.
Some of them will then be struck by other
laterally moving molecules and gradually
driven upward and nearer the portion of
the stream which is moving in a parallel di-
rection. They will finally reach this stream
and be entrained therein near the upper part
of the enlargement—where substantially all
of the molecules which are moving in lat-
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eral directions have been removed from the -

stream.

- While I have shown and described only
one embodiment of my invention I do not
wish to be limited to the particular form
shown' as it will be apparent that many
modifications therein may be made without
departing from the scope of my invention
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ag set forth in the aﬁpended claims. The
form which I have shown is constructed of

glass but other materials may equally well

be employed. I have described its opera-
tion with mercury vapor as I find that this
is especially suitable for operation with very
low pressures. Its operation, however, does
not depend upon the use of mercury, as the
necessary stream of vapor may be derived
from other liguids than mercury.

I have shown the preferred method for
preventing any of the vapor from flowin
away from the condensing chamber towar
the receptacle which is to-be exhausted but
I believe it to be possible to accomplish this
result by other methods, as for example, it
may be unnecessary to cool the portion of
the tube 2 near the point where the two con-
duits join if the configuration of the enlarge-
ment 9 is varied in such a way that there
will'be no tendency for any of the mercury
which strikes the wall to move in such a di-
rection as to oppose the stream of gas from

‘the vessel which is being exhausted.

Various modifications may also be made in
the relative positions of the conduits, the
means for preventing any of the vapor from
flowing toward the receptacle which is to be
exhausted and the condensinig chamber with-
out changing the principle of operation of
my apparatus. .

What I claim as new and desire to secure
by Letters Patent of the United States, is:—

1. The method of obtaining a high vacu-
um in a closed receptacle which consists in
causing a stream of mercury vapor to flow
at a high velocity toward a condensing
chamber, in such a way that a portion of its
path communicates with . the receptacle
which is to be exhausted, the pressure of said
stream at all points being greater than that
to be finally attained in the closed receptacle,
and preventing mercury vapor from flowing
toward the receptacle which is to be ex-
hausted in-opposition to the gas which is to
be removed therefrom. o

2. The method of exhausting a closed re-
ceptacle to obtain a high vacuum therein,
which consists in causing a stream of vapor
to flow toward a condensing chamber in
such a way that a portion of its path com-
municates with the receptacle which is to be
exhausted, the pressure of said stream at all
points being greater than that to be finally
attained in the closed receptacle, and pre-
venting vapor from flowing toward the re-
ceptacle which is to be exhausted in opposi-
tion to the gas which is to be removed there-
from, ' '

3. An apparatus for obtaining a high
vacuum in a. closed receptacle comprising
means for producing a stream of mercury
vapor, a condensing chamber, a conduit
through which the stream of mercury vapor
flows to the condensing chamber, a second

1,898,550

conduit communicating with the receptacle
which is to be exhausted and with the first
conduit and cooling means for preventing
mercury vapor from flowing from the first
conduit through the second conduit toward
the receptacle which is to be exhausted.
4. An apparatus for obtaining a high
vacuum in a closed receptacle comprising
means for producing a stream of vapor, a

_condensing chamber, a conduit through
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which the stream of vapor flows to the con- -

densing chamber, a second conduit com-
municating with the receptacle which is to
be exhausted and with the first conduit, and
cooling means for preventing vapor from
flowing from the first conduit through the
second conduit toward the receptacle which
is to be exhausted.

5. An apparatus for exhausting closed re-
ceptacles comprising means for producing
a stream of vapor, a condensing chamber, a
conduit through which the stream of vapor
flows to the coundensing chamber, a second
conduit communicating with the receptacle
which ig to be exhausted and with the first
conduit, and means for cooling the wall of
the first conduit in a region near the junc-
tion of the two conduits.

6. An apparatus for exhausting closed re-
ceptacles comprising means for producing a
stream of mercury vapor, a condensing
chamber, a conduit through which the
stream of mercury vapor flows to the con-
densing chamber, a second conduit com-
municating with the receptacle which is to
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be exhausted and with the first -conduit, -

and means for cooling the wall of the first

conduit in a region near the junction of the -

two conduits in such a way as to prevent

mercury vapor from flowing from the first
conduit into the second conduit. '
7. An apparatus for removing gas or

vapor from a receptacle comprising means.

for producing a stream of vapor, a condens-
ing chamber, a conduit through which the
stream of vapor flows to the condensing
chamber, a second conduit communicating
with the receptacle from which the gas or

vapor is to be removed and with the first’

conduit, an enlargement in the first conduit
immediately beyond the point where the two
conduits communicate with each other, and
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means Tor cooling the wall of said enlarge- .

ment. L

8. An apparatus' for removing gas or
vapor from a receptacle comprising means
for producing a stream of mercury vapor,
a conduit through which the stream of mer-
cury vapor flows, a second conduit communi-
cating ‘with the receptacle from which the
gas or vapor is to be removed, and with

the first conduit, an enlargement in the.

first conduit immediately beyond the point
at which the two conduits communicate with
each other, and means for cooling ‘the wall
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of said enlargement so as to prevent mer-
cury vapor from flowing from the first
conduit into the second conduit.

9. An apparatus for removing gas or
vapor from a receptacle at comparatively
low pressures comprising means for pro-
ducing a stream of vapor, a conduit through
which the stream of vapor flows, a second
conduit communicating with the receptacle
from which the gas or vapor is to be re-
moved, and with the first econduit, and cool-
ing means adjacent the junction of the two
conduits for preventing vapor from flow-
ing from the first conduit into the second
conduit.

10. The method of obtaining a high
vacuum in a closed receptacle which con-
sists in causing a stream of vapor to flow
toward a condensing chamber, bringing the
gas from the receptacle into contact with
the stream of vapor, preventing the re-
evaporation of those particles of vapor
which condense on the wall of the first con-
duit near the point where the gas from
the receptacle meets the stream of vapor
and thereby preventing the formation of a
stream of vapor which would oppose the
movement of the gas away from the re-
ceptacle. -

11. An apparatus for removing gas or
vapor from a closed receptacle to obtain
a high vacuum therein, comprising means
for producing a stream of vapor, a condens-
ing chamber, a conduit through which the
stream of vapor flows to the condensing
chamber, a second conduit communicating
with the receptacle from which the gas or
vapor is to be removed and with the first
conduit, and means for preventing the re-
evaporation of particles of vapor which
condense on the wall of the first conduit
near the point where the two conduits meet
and thereby preventing the formation of a
stream of vaper which would tend to oppose
the movement of the gas or vapor from the
receptacle into the stream of vapor in the
first conduit. .

a

12. The method of exhausting a closed
gas containing receptacle to obtain a high
vacuum therein which consists in causing
a stream of vapor to flow toward a condens-
ing chamber, the pressure of said stream
being at all points greater than that to be
finally obtained in the receptacle which is
being exhausted, causing the gas from the
receptacle to come in contact with said
stream and at the same time removing from
the stream molecules moving in directions
other than substantially parallel to the path
of the stream and thereby preventing any
appreciable flow of vapor toward the re-
ceptacle in opposition to the gas coming
therefrom.

13. The method of exhausting a closed
gas containing receptacle to obtain a high
vacuum therein which consists in causing
a stream of vapor to flow toward a condens-
ing chamber, the pressure of said stream
being at all points greater than that to be
finally obtained in the receptacle which is
being exhausted, causing the gas from the
receptacle to come in contact with said
stream and at the same time preventing
any appreciable flow of vapor toward the
receptacle in opposition to the gas coming
therefrom.

14. An apparatus for exhausting closed
receptacles comprising means for producing
a stream of vapor, a condensing chamber,
a conduit through which the stream of vapor
flows to the condensing chamber the pressure
of the vapor stream produced being at all
points greater than that to be finally at-
tained in the closed receptacle, a second con-
duit communicating with the receptacle
which is to be exhausted and with the first
conduit, and means for preventing vapor
from flowing from the first conduit into the
second conduit in opposition to the gas
which is being removed from the receptacle.
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In witness whereof, I have hereunto set

my hand this 2nd day of February, 1916.
IRVING LANGMUIR.
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