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To all whom it may concern: - =
Be it known that T, IrviNe LaveMor, a

_citizen of the United States, residing at

10

15

Schenectady, in the county of Schenectady,
State of New York, have invented certain
new and nseful Improvements in Vacuum-

Pumps, of which the following is a speci- -

fication. . o " : _ -
My present invention relates to pumps for -
obtaining high vacua in inclosed receptacles
such as bulbs for incandescent lamps, vapor
rectifiers, X-ray tubes, -electron discharge
devices, etc., of the ‘type. described and
claimed in my prior application, Serial No..
76,054, filed February 3, 1916. - ~ = .
The.object of my invention is to provide -
improved forms of pumps of the type de-

- scribed in my prior application whereby the

20

operation of such apparatus will- be ren- -
dered more efficient. A-further object of my
invention is to simplify the construction of
an apparatus of-this nature,- -, . _
which T

The : features of my' invention

 consider novel are pointed out with particu-

25

“tion.itself, however, both as to its organiza-
‘tion ahd what T consider its probable method
of operation will-best be understood by ref-

30

larity in the appended claims; the inven-

erence to the following description taken in -
connection: with the accompanying drawing:

“in which Figures 1-and 2 show partly in ele-
vation and partly in section two modifica-

~ tions of my device, Fig, 3 shows a cross--

35

.- exhausted- and Fig. 5 is a cross
" view on the line 5—b5 of Fig. 1. o
- The pump indicated in Fig. 1 comprises -
40

45

sectional viéw and Fig. 4 a longitudinal sec-

‘tion of ‘a modified form of conduit connect-

ing my device with the vessel which is t5 be
sectional-

a eylindrical metal vessel 1 contracted at the
top to form a mouth 2. Within. this vessel -

is located a tubular member.or conduit 8 .

which is flared outwardly at the bottem so.
as to-snugly fit the interior wall of the ves-
sel 1. = A cylindrical cap 4 is suspended by
means of the supports'4* from the mouth -
of the- vessel 1 over the upper end of the

* conduit 3.-~The lower part of the vessel 1

80

contains mercury 5 and-a‘heating coil 6 pro-

vided with terminals 7 may be utilized to

‘annu

- the tubular.

* UNITED STATES PATENT OFFICE.

IRVING LANGMUIR, OF SCHENECTADY, NEW YORK,

‘ Specification of Letters Patent.  Patented Nov.4, 1919. -
Application flled August 24, 1916. *Serial No. 16,624, "

‘vaporize the miereury and produce a blast

of mercury vapor upwardly through the
tube 8. This stream of mercury vapor is di- .

“rected downwardly by the cap 4 through.
the annular space 8 between the tube 3 and -

the cap 4. - A member 9 which is fitted by a

rnishes a connection between the device
and the neck 10-of the vessel which is to be

‘exhausted. = The rmercury vapor when it
"emer%es from the annular space 8 into the

nnular condensing’ chamber surrounding
" conduit 3 tends to flow outwardly and strike

the wall ‘of the veSstl 1, which wall may be

kept cooled by means of water circulating

as-tight joint to the neck 2 of the vessel 1

55 -

into the coiled pipe 11, surrounding thé -

“wall of the vessel 1 as indicated, and sol-

dered thereto to provide a good heat conduc- "

tive contact.

duit 12 which surrounds the cap 4, come in
contact. with the stream of mercury vapor
at the lower end of that conduit, and be

driven toward the lower part of the con-

densing chamber. "It may be removed from
the lower part of the condensing chamber
by means of ‘a pump . connected - thereto
through ‘tube 13. The mercury vapor will
strike the cooled wall of vessel 1.and be con-

~densed and thus be prevented from flowing.
- toward the. vessel which is being exhausted.

, - The gas or vapor from. the
. 'vessel 10 will pass through.the annular con-

70

75

80

All of the condensed mercury will fall to the

bottom of -the. vessel 1'and will be réturned
- through the openings 14 in the bottom of
member 3 to the main body of.
“mercury: 'A'baffle 15 which is in ‘good con- .-

tact with the wall of the vessel 1, but which

.- makes’ imperfect contact with the tubular:
‘member: 8, is provided as shown .in order -
that the falling mercury will not. strike the .

90

heated surface at 16 of the tubulir member -
and be reévaporated, . This baffle will keep = -

~-comparatively cool -by reason of its good -
contact with the wall of vessel 1. - Holes 17
.around. the. periphery ‘of this baflle: will al-

low the mercury to flow down throiigh the

- grooves-18:to the openings 14 and thus back”

-to the main body of the merciry. The en- -
tire device: may be-inclosed i a casing 19

and be supported by. & metalli¢ base 20 from.

100,

85 .
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which the parts which are heated may be
separated by heat insulation members 21
Tt will be noted that with the construction
herein shown the mercury which may be
condensed upon the wall of the vessel 1 will
fall to the bottom thereof away from the
point where the passages 8 and 12 join. In
the forin of pump shown in my prior appli-
cation the stream of mercury vapor is di-
rected upwardly and part of the mercury
which is condensed falls and is collected in
a groove around the heated central conduit
and at a point between where the two pas-
sages join and the vessel which is being ex-
hausted. With this construction it is pos-
sible for some of the mercury to reé¢vaporate
and flow toward the vessel which is being
exhausted in opposition to the gas which is
being removed. By the construction which
T have described above this difficulty is over-
come.

The form of my invention shown in Fig. 2
is similar in its operation to that shown in
Fig. 1. In this case a bulb 22, which may be
of glass, contains the mercury and the mer-
cury vapor which is produced therein by
means of a heating element 23, passes
through the curved tube 24 into the con-
densing chamber 25. The annular space 26
between this tube and the condensing cham-
ber communicates with the conduit 27, which
in turn is connected to the trap 28 while
another conduit 29 furnishes communica-
tion between this trap and the vessel to be
exhausted. The walls of the condensing
chamber 25 may be kept cooled by means of
water circulating in jacket 30 surrounding
the condensing chamber. The condensed
mercury falls to the bottom of the condens-
ing chamber and is returned to the bulb 22
through the tube 31. The conduit 32 com-
municates with any convenient form of ex-
haust pump whicl is capable of producing
a vacuum somewhat lower than the vapor
pressure of mercury at the temperature at
which the bulb 22 1s maintained. The bulb
22 and tube 24 may be covered with asbes-
tos or other heat insulating material 83.

In the operation of a device of this char-
acter there will be a slight flow of mercury
vapor through the conduit 27 to the trap 28
at a pressure about two microns, that is, a
pressure corresponding to the vapor pressure
of mercury at ordinary temperatures. By
cooling the trap 28 with liquid air this
vapor may be condensed therein. The gas
which is being pumped out of the receptacle
has to flow through conduit 27 in opposition
to this stream of mercury vapor and the
larger this conduit is made the greater will
be the opposition offered by the mercury
vapor to the flow of the stream of gas which
is being removed. By sub-dividing the con-
duit through which the gas is removed, how-

1,320,874

ever, into a plurality of narrow passages,
as, for example, by means of diaphragms 34,
separated by spacing blocks 85, as indicated
in Figs. 8 and 4, this difficulty may be over-
come to a large extent since a large part of
the pressure of the mercury vapor will be
expended upon the walls of the passages in-
stead of in opposing the flow of gas away
from the receptacle. _

While I have shown and described the
preferred forms of my invention I do not.
wish to be limited to the particular forms
described as it will be apparent that many
modifications therein may be made without
departing from the scope of my invention
as set forth in the appended claims. T have
described the operation of my pumps with
mercury vapor as I find that this 1s espe-
cially suitable for operation at very low
pressures. Its operation, however, coes not
depend upon the use of mercury as the nec-
essary stream of vapor may be derived from
other liquids.

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

1. An apparatus for obtaining a high vac-
uum in a closed receptacle comprising means
for producing a stream of vapor, said appa-
ratus being arranged to form a condensing
chamber, a conduit through which the

‘stream of vapor may flow downwardly into

the condensing chamber, a second conduit
connecting with the receptacle which 1s to
be exhausted and the condensing chamber
and means for preventing vapor from flow-
ing through the second conduit toward the
receptacle which is to be exhausted.

2. An apparatus for exhausting closed re-
ceptacles comprising means for producing
a stream of mercury vapor, said apparatus
being arranged to form a condensing cham-
ber, a conduit through which the stream of
mercury vapor flows downwardly into the
condensing chamber, a second conduit com-
municating with the receptacle which is to
be exhausted and with the condensing cham-
ber, and means for preventing mercury va-
por. from flowing through the second con-
duit toward the receptacle which is to be
exhausted.

3. An apparatus for exhausting closed re-
ceptacles comprising means for producing
a stream of vapor, said apparatus being ar-
ranged to form a condensing chamber, a
conduit through which the stream of vapor
flows downwardly into the condensing
chamber, a second conduit communicating
with the receptacle which is to be exhausted
and the condensing chamber, and means for
condensing the vapor near the point where

the second conduit joins the condensing

chamber. :
4. An apparatus for exhausting closed re-
coptacles comprising neans for produeing

65

70

80

90

95

100

105

110

115

120



Y

~ a stream of mercury vapor, said apparatus

" ‘being arranged to.form-a c¢ondensing cham-
ber, a-conduit through which the stream of
- mercury vapor flows downwardly into the-
‘condensing. chamber, a second conduit com- -

municating with the receptacle which is to

be exhausted and with the condensing cham-.

ber, and means for condensing the merclry

- vapor near the point where the second con-

10

15

- ber, a conduit through which a stream-of

20

25
_communicates with the second conduit.
- 6. :An apparatus for exhausting closed re- .

30
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" mercury, a ‘conduit through  which the
stream. of mercury vapor thus produced is

60

duit connects with the condensing chamber

in such a way as to prevent mercury vapor

from fluwing from the condensing chamber

into the second ¢onduit::” -~
5. An apparatus for removing gas of va-

por from a receptacle comprising means for

Eroducing a stream of vapor, said apparatus
eing arranged to form a condensing cham-

vapor flows downwardly into the condens-

ing chamber, a second conduit communicat- .
ing. with the receptacle from which the gas

or vapor is to be removed, and opening
downwardly into the condensing chamber,
and means for cooling the wall of the con-

densing . chamber near the point where it_

ceptacles comprising means for prodncing

a stream of mercury vapor, said apparatus.

being arranged to form a condensing cham-
ber, a condult through which the stream of

mercury vapor flows downwardly into the .

condensing. chamber, a second conduit com-

municating with the receptacle which is to .

be exhausted and which also opens down-
wardly’ into: the condensing chamber, and
means for preventing the mercury vapor
from flowing through  the second conduit

toward the receptacle which is to be ex-’
‘hausted. D

7. An apparatus. for exhausting closed re-
ceptacles comprising means for producing

‘a stream.of mercéury vapor, said apparatus
being arranged to form a condensing cham--

ber, a conduit through which the stream of
mercury vapor flows downwardly into the
condehsing chamber, an annular conduit

surrounding the first conduit and providing -

communication between the receptacle which

is to be exhausted and the condensing cham-.

ber, and means. for preventing merciry
from flowing through said anpular conduilt
into the vessel which is to be exhausted.

~ 8. An_ apparatus ‘for exhausting closed -
receptacles, comprising a véssel adapted to -

contain mercury, means for heating the
lower part of said vessel to vaporize the

directed downwardly into a portion of the
apparatus arranged to form a condensing
chamber, a second annular - conduit sur-
1'0unding the first conduit ‘and furnishing
communication between the vessel which is

| 1,820,874

: to be‘ :éxhailéteﬂ :ind the condensing cham-
ber, and-means for cooling the wall of the

;condensing -chamber near. the -point where

it communicates with. the second conduit..
9. An ‘apparatus for exhausting closed

receptacles comprising means for producing
.8 stream of mercury vapor, said apparatus
being arranged to form a condensing cham-
ber, a.conduit through which the stream of

a

65"

70

mercury vapor flows to the condensing- =~

"chamber, a second conduit communicating

with the receptacle to be exhausted and the
condensing chamber, means for preventing

second conduit toward the receptacle which
1s to. be exhausted and a conduit through
which gas may be removed from the con-

75

.mercury vapor from flowing through the .

80

~densing chamber, ‘the whole being so ‘ar-

condensing chamber will tend to move away
from the conduit which communicates with
the receptacle to be exhausted. . -

-10c.An apparatus for exhausting closed -
receptacles comprising means for producing

‘a stream of vapor, said apparatus being ar-

© ranged .to form''a condensing chamber, a

ranged that the mercury condensed in the -

85

90 .

conduit through which the stream of vapor |

flows to the condensing chainber, a second

conduit communicating with the receptacle -

to be -exhansted and the condensing cham-
ber, means for preventing the vapor from

95

flowing through the second conduit toward . .

the receptacle which isto be eéxhausted and

& conduit through which gas may be.re- -

moved from the condensing chamber, the
whole” being so arranged that the vapor
condensed in the: condensing chamber will

100 .

tend to move away from the conduit which

' communicates with the receptacle to be ex-

‘hausted and toward the conduit

which' gas may be removed. L
' An apparatus for exhausting ‘closed

“through

receptacles comprising means for producing .
a. gtream of mercury vapor, said apparatus.

being arranged to form a condensingcham-

.ber, a conduit through which the stream of.

mercury vapor flows to- the condensing
chamber, a second conduit communieating

105

110

with the receptacle which is to be exhausted -

and with the condensing chamber, merns for -
condensing ' the mercury. vapor mnear the
point where the second conduit joins the -

116

condensing chamber and a third conduit - -

through- which gas may be removed from

the ‘condensing chamber, the whole being.

so arranged that the condensed mercury

. will tend to move away -from the second

‘conduit and toward the third conduit.

120

12. - An apparatus for exhausting closed

receptacles comprising means for producing

- & stream of vapor, said apparatus being ar-

ranged to form a condensing chamber, a

126

conduit through which the stream of vapor -

flows to the condensing chamber, a:second



i

conduit communicating with the receptacle
which is to be exhausted and with the
condensing  chamber, said second conduit
throughout a portion of its length being
sub-divided into a plurality of narrow pas-
sages and means for preventing vapor from
flowing through the second conduit toward
the vessel which is being exhausted.

13. An apparatus comprising a conduit

10 through which a stream cf vapor tends to

1,320,874

flow in opposition to a stream of gas, said
conduit being divided into a plurality of
small passages in order to minimize the op-.
position offered by the vapor to the gas.

In witness whereof, I have heréunto set 15

my hand this 23rd day of August, 1916.
IRVING LANGMUIR.

Witness:
Bensamin B. Huoza.
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