H. C. SNOOK. -
EVACUATION PROCESS.
APPLICATION FILED OCT.8, 1912,

1,166,792. - Patented Jan. 4, 1916,

2 SHEETS—SHEET t.

Fl60 1.

w:ﬁvsssss R . %4&“ g 4’4 % /:::2’1'05-
D il WldledTHy v )
Willhwn B ovisny. M&gzz/ |



H. C. SNOOK.

EVACUATION PROCESS.
APPLICATION FILED OCT. 8, 1912,

1,166,792. | Patented Jan. 4, 1916,

. 2 SHEETS—SHEET 2.
AN .
- SO

48
NSO
i '.é

S
: v}
N N

@M-II:;E.SSESI ge/ 7 | . . ’/4‘”6 %’4 %""I:’:y ”
Vemse LHET T Ul Ay
/////Z&W /W ' L{ . ATTORNEY




1,166,792.

wr*m ) §

STATE% PATENT @FFHJE

HOMER CLYDE SNOOK, OF CYNWYD PENNSYLVANIA

EVACU'ATION PROCESS.

Speclﬁcatmn of Letters Patent

Patented J an, 4 1916

AJHeatmn ﬂled October 8 1912; Serial No. 724 557,

To all whom it may concern:
Be it known that I, HomMEer CLYDE SKOOK,

a citizen, of the United States, residing at
Cynwyd, State of -Pennsylvania,-have ~in-
vented certdain new and. useful Improve-

.ments in Evacuation Processes, of which the

- following is a specification.

My invention relates to a process : of ex-
hausting or evacuating X-ray tubes, Crookes

' tubes:or other tubes through which electric -
-discharges are to be passed in rarefled gas; .
and my. invention relates to a like process
“for exhausting or evacuating other tubes or.

~bulbs through.. which electric - energyis-

5 passed, not through separated electrodes, but

through filaments-or conductors such as, for"

* example, in incandescent electric lamps.

It 1s the object of my invention to provide

~ a process for evacuating tubes, bulbs, ete., of -
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the character referred to, which will ma-
terially shorten the time consumed in evacu- -
ation, cheapen the process of evacuatlon, and- .
produce a final vacuum which will improve
the operating characteristics of the tubes,
bulbs or lamps ’

To these ends 1y 1nvent1on resides i in the
process and apparatus heremafter descrlbed
and elaimed.

For an illustration of some of the forms -

-my apparatis may take for carrying out my
" process reference is to be had to the accom:

: panymg drawings i which.:

Figure 1is.a diagrammatic view of appa--
" ratus for carrying out my process for evacu-
ating an X-ray tube or the like. Fig. 2isa

-diagrammatic view of apparatus illustrating -

" my process of evacuatmg incandescent lamp

bulbs. Fig. 3 is a graphic representation of
potential gradient between electrodes ‘of a' a

Y vacuum tube.

Referring to I<‘1g 1 X represents the bulb
of an X- -ray tube Whose interior is in com-

“ mumcation with a vacuum pump, not shown,.-

“through the connection 1’ during the process
<. of evacuation. The cathode % is in electrical
“ comm!

ication - with the: exterior.through

- “terminal 2 sealed -into: the glass of the tube .

stem 3; and the anode ¢ is shown, by way of

’e\ample, as ‘supported upon the conducting

tube 4 in the glass tube stem 5 and communi-.

.cating with the exterior through the con-

_ ductor 6 sealed.in the glass-of the stem 5.

The terminal 2 is in-electrical . communica- -
tion through conductor 7 with thesterminal

f 8.of the. electrlc sw1tch 9, and the termmal 6

t

is in communication through conductor 10 L

with the terminal 11 of the-switch 9. - The-

switch 9 may be: thrown to either of two -

positions; in the. position shown the switch

brings termmals 8 “and '11 into electrical

communication with the terminals 1% and 13,

respectively, and in its other’ position brlngs

_its terminals 8 and-11 into .electrical com-

munication withthe terminals 14 and 15,
respectively.. The  terminal 12 connects

‘through conductor 16 with the mid-point of

the secondary s of transformer £ One ter-
minal of the secondary s. connects by con-
ductcr 17 with an electrode 18 of a mercury
vapor rectifier 19, another‘of whose elec-
trodes 20 connects through conductor .21
‘with the other terminal of the secondary s.

.60

0

The main mercury puddle 22 of the rectifier

connects through conductor 23 and -ammeter
24 with switch terminal 18 and connects also

75-

with terminal 25 of electric switch 26 which = .
is adapted to bring terminal 25 into commu- . -

nication with terminal 27 and to. bring ter-

.minals 28 and 929 into: communlcatlonf with
‘each other.-

The terminal. 28 connects
through ammeter 80 and adjustable resist-
anice 31 with one terminal of the generator.

and to earth E, The source 82 dehvers low

through conductor 84 with' switch terminal
29, it being understood that the arc is started

80

- or source of direct current 32 whose other .
‘terminal is connected to switch terminal 27-
85
‘voltage direct current tomaintain the ioniz- -
.-ing.arc between the. mercury puddle 22 and .
‘the ‘mercury puddle 38, the latter connected -

90

by causmg the mercury puddles 22 and 33.to -
come momentarily into contact with each -

‘other, as by tilting the- rectifier. 19.
‘The ~transformer ¢ is a step-up trans-
former, each half of the secondary ¢ deliver-

‘ing an alternating current of 1500 volts, for

95

example, the difference of potential ‘between
the electrodes 18 and 20 being therefore 8,000
volts. . The primary p of the transformer ¢,

is-shown in" circuit. through the switch 85

“and adjustable resistance 86:-and reversing
~switch 37 with the generator or source 88 of
alternating current.’

* current through the primary p if for any
reason any ‘of the connections in the sec-
" ondary circuit are.reversed -or wrong. - The
alternating current dehvered by the second-
ary:s to the rectifier 19 is rectified into uni-

100

‘The reversing- switch -
37 simply serves 'to change\the direction of--

105

dlrectlona,l current which is then passed 110
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through the X-ray tube X as and for the
purposes hereinafter described. '

By throwing the switch 9 down into com-

munication with contacts 14 and 15 and by
throwing the switch 85 over to the left into
communication with contacts 39 and 40, a
source of very high tension unidirectional
current is brought -into communication with
X-ray tube X through the switch 9. By
throwing the switch 85 to the left; as stated,

the transformer #-is cut. out of ‘operation, .

and of course therefore the rectifier 19. A
current from the generator 38 will pass
through the primary P of the transformer. T
whose high potential secondary S communi-
cates with the rectifying switch R, the latter

- delivering unidirectional high - tension cur-

20
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rent by conductors 41 and 42 through the

switch 9 to the X-ray tube X. Any suitable -

means for supplying high tension unidirec-
tional current may be provided, but the
transformer T, rectifying switch R and gen-

erator 38, may be of the character and co--

operating as deseribed in my prior Patent

No. 954,056. In'this case the switch 52 sérves.
to: cut in_more or less of the turns of .the-
primary P for securing.different potentials”

at the terminals of the X-ray tube X, and

the adjustable resistance 36 may also be em-"
ployed for current control purposes.. It is.
. to be understood also that my invention is

~ not limited to the employment of a mercury.’
- vapor rectifier such as 12, but that any other

. suitable. means for' delivering moderately
-~ 88

high potential unidirectional .current - to

X-ray tube may be employed: . -

s/

The bulb X of the X-ray tube having been

- put into communication through connection

-1 with® the vacuum pump, not shown, the -
-pump is started and the-air exhausted from
the bulb X until a vacuum of about 1 milli-
‘meter of mercury, absolute pressure, is at-
tained. - This degree of vacuum is reached

.40
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after a relatively short period of pumping
and ‘to determine - when “ this ‘degree of
vacuum has beén reached, the switch 9 may

be thrown down into communication with
terminals 14 and .15 and the ‘switch 35

thrown into eommunication with terminals

-39 and 40, the switch 52 being adjusted to

such contact as to cause.delivery from the
secondary S a current of a’tension of ap-
proximately 5,000 volts, or even less. . And
the switch 87 is thrown into such position
as will make the anode ¢ of the tube X the
temporary cathode or negative terminal.

- There will oceur around this temporary.

cathode a a cathode or mnegative glow of

‘about iy inch thickness, if the vacuum is sub-
stantially 1 millimeter of mercury. If this"

glow is thicker than 7 of an inch, it indi-
cates that the vacuum is too high, and a
slight amount of air may be readmitted. to
the tube X until the glow issubstantially 74
of an inch in thickness. % of an inch thick-

‘bulb X or stem 5.

_actually ‘mechanically - rémoving the

o dlesres -

these conditions.
substantially 1 millimeter of mercury, the
switch 9 is thrown up into communication
with terminals 12 and 13 and the switch 85
rempved from ' terminals 39 and 40 and
thrown into the position illustrated in Fig. 1
thereby causing the rectifier 19 to come into
operation and to deliver current through the

-ray tube, the target or anode ¢ being again
the negative terminal or temporary cath-
ode. At this time the communication. be-
tween the tube X and-the pump is cut off.

"The application of about 1500 volts to the

terminals of the X tube by means of the

rectifier 19 will cause'a negative glow to

appear at the temporary cathode a. .And by

adjusting the resistance 36, or the ratio of

transformation of transformer ¢ if desired,
or both, the current through the tube may

The vacuum having béen detérminéd to be-

ness of this glow, is about the minimum- -
“thickness the negative glow attains, under -

¢

75.

80
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be increased until the cathode glow spreads .

and extends over the entire temporary cath-
ode ¢ and along the stem or tubé 4 near to
but not completely reaching the glass of the

ordinary size a current of from 1 to 2

.amperes, as determined by ammeter 24, will

generally suffice for this purpose. This ex-

-citation 1s continued for approximately 8 or

4 minutes, more or less, and the glow extend-

‘ing over the temporary cathode ¢ and tube 4,
- as described, heats the same until they dttain

a red heat, causing occluded gases to be

tion for the 3 or 4 mihutes, as stated, the
connection between the tube X and the pump
is again opened, the pump continuing to ex-
haust gas from the tube X while the current
continues to pass through the tube X.. -

For-an X-ray tube of.

‘90

96
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' driven off.  After maintaining this eondi- .

105

As the vacuum becomies higher and higher,

due to the continued pumping, the cathode

temporary cathode. o and tube 4 and will

finally fill the entire bulb X, resistance 86 or -
- primary -p, or both, havi&g

been adjusted as
the glow extends, until a‘pressure of from-
When ‘his state is reached, cannection be-
tween the biilb X and the pump is again shut
off. The cathode glow filling the tube to the
walls is continued hy the continued passage

-of current from the rectifier 19.  This tube

filling glow is continued for a relatively
short time to heat the inner walls of the bulb
to drive off gases condensed thereon, the ac-
tual bombardment of the walls by the glow
itself producing a further beneficial effect by
! gas
molecules- from the glass walls. The tube

filling glow should be continued only until

the glow begins to change from a bluish to a
whitish color near the glass walls. If con-
tinued after the appearance of the whitish

“glow extends farther and farther from the -

110 -

8,000 to 5,000 volts is applied to the tube X.. - 5'
11

120 |

125
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glow the glass may soften and the tube may

collapse, or the local heating of the walls
may be so intense as to devitrify the glass.
After this whitish glow appears the strength
of the current through the tube supplied by
rectifier 19.is reduced, as by adjusting resist-

~ ance 36, sufficiently to cause the disappear-

i0

ance of the whitish glow but to continue a
tube filling glow of bluish color. At this
stage connection with the pump is again re-
established and further evacuation occurs,
removing the gases removed from the glass
walls and further rarefying the original gas

- present in the bulb. As the vacuum rises,

18

20

the current through the X-ray.tube falls
rapidly as will be indicated by the amme-
ter 24; and the evacuation is carried to a
point at which the discharge ceases entirely.
At this stage the temporary -cathode and
supports are still at red heat and the glass
walls are hot. The tube X is now exteriorly
heated, as in an oven, in ‘which it may have

* been placed at the beginning of the process

25
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to a temperature of approximately 300°
centigrade, the connection with the pump

remaining open so that evacuation continues.

Ordinarily the oven reaches the aforemen-

tioned temperature in approximately 20.

minutes, the pumping continuing during this

period and for a further period of approxi-

mately 5 minutes -during which the tube is
maintained at the aforementioned tempera-

Jture. -

85

While continﬁing the pumping opei'ation,

the temperature of the oven-is gradually

~ lowered from 60 to 80° centigrade during a

40
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period of approximately 15. to 20 minutes
more. . During this cooling period, the pump
still continuing to evacuate the tube, the X-
ray tube is connected as such by throwing
the switch 9 down into communication with
terminals 14 and 15 with a source of high
potential unidirectional = current- supplied
through rectifying switch R, the switch 35

having been thrown over to contacts 39 and

40. The discharges are now passed through
the tube from time to time, the anode a being
now the anode ot positive electrode or ter-

~ minal. These discharges serve as a test for

the degree of vacuum as determined by the
appearance of the fluorescence of the glass

~and by the color and shape of the discharge

5b

in the gas. Pumping is continued until the
resistance of the tube.as indicated by the
spark gap 57 connected in parallel. with the
X-ray tube shows that the proper degree of

- _vacuum has been reached, the vacuum at this

time, because the tube is still hot or. warm, is

lower than the vacuum when the tube is cool.”
For example, when the resistance of the tube

is indicated to be that of a parallel spark gap

in the air of a length of from 3 to 4 inches.
with the tube at a temperature of from 60 to-

80° centigrade, the vacuum in the X-ray tube

“has attained the proper degree, and now the

2]

- connection 1 to the vacuum pump is sealed '

off, the tube being now permanently discon-
nected from the pump by the sealing shut of
the glass connection 1. The tube is now al-
lowed to cool to the temperature of the room
and 1t will-be found that its resistance at

70

room temperature is indicated by a parallel

spark gap resistance of 6 or 7 inches in

' length, this resistance of the tube being sat-

isfactory for the production of X-rays.
' By the process above described the evacu-
ation of the tube may be accomplished in
about three quarters of an hour as compared
with a period of from 2 to 4 hours by prior
methods. : _
Where an induction coil employing direct
current with an interrupter in its primary
c¢ircuit or other imperfect rectifier is used
for supplying the current to the tube in
place of the rectifier 19, the bad effects of

_the imperfect rectification may be more or

less overcome by introducing into the X-ray
tube, after initial pumping to a pressure of
1 millimeter of mercury or less, hydrogen
or other gas chemically neutral with respect
to the materials of the anode and cathode
within the tube. After allowing the process
to rest a few minutes after introduction of
the hydrogen or other gas to dllow the hy-
drogen-or other gas to diffuse thoroughly
through the tube, connection with the pump
is again. established and the vacuum again
raised to a pressure approximately 1 milli-
meterof mercury. Then the process as here-
inbefore outlined is. continued. And even
in cases where rectification is perfect, there

_is a glow at or surrounding the temporary
atiode % and if the rate of liberation of en- .

ergy within the tube be. sufliciently great
and if the gas content of the tube is chemi-

-cally active with the temporary anode mate-
‘rial, excessive local heating at one or more

75
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points on the temporary anode occurs, and -

this heating may be so intense as to raise
the neighboring glass to such a temperature

as to cause softening eor even rupturing of-

the glass; or, in other words, if the rate of
liberation of energy in the tube be high
enough to produce a certain temperature by

anode glow at an excrescence-on the tempo-.

rary anode and if the gas content of the tube
will at that temperature chemically attack
the temporary anode, the local heating oc-
curs as stated. To overcome this effect, hy-
drogen or other gas chemically neutral with

11C.

115

120

respect to the temporary anode material -

may be introduced after the initial pump-~

ing to a vacuum of approximately 1 milli-. - "

meter of mercury. <~ Then after allowing

‘the hydrogen or neutral gas to diffuse, the .

process 'is continued as hereinbefore first
described. .. -~ : .

125

. In Fig. 2 T have shown one form of a.i)— -

evacuating incandescent lamp bulbs, or the 13

-paratus . for carrying out my process of -’

130
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. wacuo. Here the plurality of lamp bulbs B*

bulbs 6f_any device in which an ‘electric con-
ductor is traversed by current while in

may be simultaneously in communication
through the tubes 43 with the tube 44 adapt-

~ed to be put: into communication with a -

~ vacuum pump. The lamp filaments f are

1o

15
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“sealed through the bulbs B in the usual man- .

ner aid one terminal of each filament is con-
nected to the conductor 45 while the other
terminal is. connected to the conductor 46

through an adjustable resistance 47.  The

conductors 45 and 46 are adapted to be
thrown into- electrical communication with
the terminals of the source of current 47 by
switch 48. Communicating with the inte-
rior of the tube 44, and .therefore with the
interiors of the bulbs B, is the electrode 49
to which is connected- the conductor 50
sealed through -the glass of the hollow pro-
jection 51 sealed to the tube 44 at any suit-

able point. - The conductors 45 and 50 are

adapted to-be put into electrical communi-

cation with a source of more or less high

25

30
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potential - unidirectional current, approxi-
mately 1500 volts pressure, such as may be

delivered by a rectifier 19 or equivalent ap-.

paratus. Here the conductor 45 is shewn
connected to earth E, though conductor 46
may be.so connected instead. _
The vacuum pump having been started,
the tube 44 is put into communication with
it, and the air quickly exhausted from the
bulbs B until a vacuum of about'1 milli-
meter of mercury or less is attained then
hydrogen or other gas may be admitted to

" the bulbs B through tube 44 until the pres-

40

45

50

sure in the bulbs B rises, for example,.to
one half atmosphere pressure. Then pump-

ing ‘is resumed and continued until the -
‘vacuum again attains a pressure approxi-
‘mately- 1 millimeter of mercury or less.
_Then the conductors 45 and ‘50 are thrown

‘into-communication with the source of umi-

directional current of 1500 volts pressure

more or less, causing a negative glow around
the filaments £, which are made the negative

electrodes or cathodes during the process,
and the pumping is continued until such-

negative glow fills the bulbs-B.  And as in
the case hereinbefore described with respect
to X-ray tubes such negative glow filling

. the bulbs acts both by this heating effect and

65

mechanical effect to remove the gases from
-the inner walls of the bulbs, such gases be-

" ing removed. by the continued . pumping.
‘The heating oven may now be started: Con-

- nection from tube 44 to the pump is shut off-
~and the negative glow'filling the bulbs is
continued until the whitish glow appears..
* Then pumping is resumed until the negative

. 60

glow discharge entirely or substantially en-
‘tirely. ‘disappears. During  this time" the
bulbs have been rising in temperature due

1,166,788

td_the.'rise in tempera',tui:é.‘of,thej ‘6V‘eh," and

the heating by .the oven is :continued as is"

also the pumping and a current. may now be

65

‘passed_through the filaments f by closing

~ the switch 48, the current through the fila-

ments ‘being continued ‘for some time. . The

off finally -any gases condensed upén or oc-
-cluded” within' the filaments. The current
through the filaments is then interrupted by
opening -the switch 48-and thé application
of heat-to the oven is discontinued and the
. oven allowed to cool. Pumping is continued
until the bulbs are cool enough to handle and
the-tubes 43 are then sealed off, and thé
bulbs are vacuum tight and separated from

70

.consequent heating of the’ filaments drives

75

80

_the tube 44. The result is a final vacuum -

“which is important in improving the oper-
ating and life characteristics of incandes-
-cent lamps and the like, particularly in the

~ case of incandescent lamps having tungsten

or other metallic filaments.” .
In Fig. 3 there is a graphic representation
of the potential gradient, curve 55 repre-

" senting the potential drop at different points

in the gas path between negative and posi-
tive terminals or electrodes when the gas,
such as air, is 4t a pressure in the neighbor-
hood of 1 millimeter of mercury. This fig-
ure is not limitive of my invention but illus-
trative -only and serves to show that the
greatest potential drop is at 56 near the

¢ negative electrode whose face is represented
at 53, 54 représenting the face of the posi-’
~ tive electrode, the space between indicating .

the distance in gas between thé two elec-
-trodes. Ordinates of the curve represent

potentials in the gas between the electrodes.

Inasmuch as the potential drop for a given
curreént is far greater.at or near the negative
electrode it follows that the 'greatest part

“-of the energy is there dissipated and for that
.- reason the negative glow -is best utilizable

for the purposes herein'described. - .
What T ¢laim is: . .
1. As an improvement in the art of ex-

hausting bulbs, the method which -consists

85

90

100

165 -

110

_in partially - exhausting  a bulb, passing

energy -through the remanent -atmosphere

between an anode and -cathode, heating -

.said cathode by said energy, and further
exhausting said bulb during passage of en-
ergy until the cathode glow fills said bulb
and acts upon the inner walls thereof. '

2. As an improvement in thé art of ex-
‘hausting bulbs, the method which consists
in partially exhausting a bulb, passing en-
ergy .through the remanent atmosphere be-

‘‘tween ‘an anode and eathode, heating said
~cathode by said energy, further exhausting .

-said bulb during passage of energy until

-exhaustion for a period during which said

115

120

125

“.the - cathode glow fills said bulb and . acts -
" ‘upon the inner walls théreof, interrupting
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bulb filling glow continues, and thereafter
resuming exhaustion until said glow is re-
duced. : _ ’ -

3. As an improvement in the art of ex-
hausting bulbs, the method which consists
in partially exhausting a bulb, passing en-
ergy through the remanent atmosphere be-
tween an anode and cathode, heating said
cathode by said energy, further exhausting

‘'said, bulb - during passage. of energy until

the cathode glow fills said bulb and acts
upon the inner walls thereof, interrupting
exhaustion for a period during which said
bulb filling glow continues, and thereafter
resuming exhaustion until said glow dis-
appears. N S .

4. As an improvement in the art of ex-
hausting bulbs, the method which consists
in partially exhausting a bulb, passing en-

ergy through the remanent atmosphere be-.

tween an anode and cathode, heating said
cathode by said energy, further exhausting
said bulb during passage of energy until the
cathode glow fills said bulb and acts upon

‘the inmer walls thereof, interrupting ex-

haustion for a period during which said

- 30

35

bulb filling glow continues, thereafter re-

suming exhaustion’ until said glow is re-

duced, and exteriorly heating the bulb.
5. As an improvement in the art of ex-
hausting bulbs, the method which consists

in impressing electrical potential of three

"hundred volts or more upon electrodes sepa-

rated in the atmosphere of a bulb, and re-
ducing the pressure within said bulb to. the
order- of one millimmeter of mercury until

- said potential produces at the cathode a
. glow substantially one-sixteenth of an inch

40
45

50

'ing the pressyre.

" glow

in thickness for heating said cathode, and
thereafter further exhausting said balb.
.6, As an improvement in the art of ex-

hausting bulbs, the method which consists in -

impressing electrical potential of three hun-
dred volts or more upon electrodes sepa-
rated in the atmosphere of said bulb, reduc-

order of - one millimeter of mercury until

‘said potential produces at the cathode. a
substantially one-sixteenth of an inch-
in thickness for heating said cathode, main-
~ taining said glow for a period of time, and

thereafter further reducing the pressure

© within said bulb. -

%. As an improvement i the art of ex-

55 hausting bulbs, the .method which consists

Cer

60

in partially exhausting a bulb, passing en-
of 2 ‘unidirectional current through
said bulb, adjusting the amount of said en-
ergy to cause a glow spreading over an elec-
trode within said bulb to heat said electrode

‘and resuming exhanstion of said bulb while
- _continuing passage of said. energy through
" ‘said bulb whereby said glpw- extends and

finally fills said bulb. =

within said bulb to the .

-atmosphere of said

8

8. As an improvement in the art of ex-
hausting bulbs, the method which consists

65

in partially exhausting a bulb, passing en- .

-ergy of a unidirectional current through

said bulb, adjusting the amount of said en-
ergy to cause 4 glow spreading over an elec-
trode within said bulb to heat said electrode,
resuming exhaustion of said bulb while con-

tinuing passage of said energy through said

bulb whereby said glow extends and finally
fills said bulb, and discontinuing exhaustion
while maintaining said bulb filling glow for

-a period sufficient to heat said bulb.

9. As an improvement in the art of ex-
hausting bulbs, the method which consists
in partially exhausting a bulb, passing en-

.ergy of a unidirectional current through

said bulb, adjusting the amount of said en-
ergy to cause a glow spreading over an elec-
trode within said bulb to heat said electrode,
resuming exhaustion of said bulb while con-
tinuing passage of said energy through said
bulb whereby said glow extends and finally

fills said bulb, discontinuing exhaustion and

maintaining said bulb filling glow fof a suit-
able period, and thereafter resuming ex-
haustion. = = :

~10. As-an improvement in the art of ex-
hausting bulbs, the method which consists

in partially exhausting a bulb, passing en--

ergy of a unidirectional current through
said bulb, adjusting the amount of said en-
ergy to cause a glow spreading over an elec-

70
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trode within said bulb to heat said electrode, - '

resuming exhaustion of said bulb while eon-
tinuing passage of said energy through said
bulb whereby said glow extends and finally

able period, and thereafter resuming exhaus-

tion until said glow disappears. - ...
11. As an improvement in the art of ex-

hausting bulbs, the method which consists

in partially exhausting a bulb, passing en- -

ergy of a unidirectional current through
said bulb, adjusting the amount of said en-
ergy to cause a glow spreading over an elec-
trode within said bulb to heat said electrode,

resuming exhaustion of said bulb while con-
tinuing passage of said energy through said
“bulb whereby said glow extends and finally

fills said bulb, discontinuing exhaustion and
maintaining said bulb filling glow for a suit-
able period, and thereafter resuming exhaus-
tion until said glow disappears, exteriorly
heating said bulb during continued exhaus-
tion, and sealing off said bulb. :
19. As an.improvement in the art of ex-
hausting bulbs, the method which consists
in partially exhausting a bulb-to a pressure

of the order of one millimeter of mercury, :

100

fills said bulb, discontinuing exhaustion and -
-maintaining said bulb filling glow for a suit-

1(;5_
110 .
115
120

125

impressing upon electrodes separated in‘the -

! bulb an electric potential -
- of three hundred volts or more for pxjoduc- .



, mg a glow a‘b the cathode to hea,t the same,

L and thereafter continuing exhaustion and -
‘increasing said potential until sald glow ﬁlls

“said bulb.

18, As an improvement in the art of ex-i

hausting bulbs, the method which  consists

in partially exhaustmg a bulb to a pressure

~ of ‘the order of one millimeter of mercury,

10
1B

20

impressing upon electrodes separated in the
atmosphere of said bulb an electric potential

of three hundred volts or more for produe--

ing a glow at the cathode to heat the same,
thereafter continuing exhaustion and. in-
creasing said potential until said glow fills

said bulb, and' dis-continuing said exhaus-

tion and contlnumg said glow.

14. As an improvement in the art of ex-

hausting bulbs, the method which consists

in partially exhausting said bulb to 2 pres- -

sure of the order of one millimeter of mer-

" .cury, impressing upon electrodes separated
-in the atmosphere of said bulb an electric po-

tential of three hundred or more volts for

B producing a glow at the cathode to heat the

Y

same, thereafter continuing exhaustion and

.increasing said potential until said glow fills
" said bulb, dis-continuing said ‘exhaustion

“and contmumg 'said - glow, and thereafter

| _resummg exhaustion until said glow dlsap-

30

pea‘rs .
15. As an improvement in the art of ex-

~hausting bulbs, the method .which consists
in partially exhausting a bulb to a pressure
~ of the order of one millimeter of mercury,

35

impressing upon electrodes separated in the
.atmosphers of said bulb an electric potential

- of three hundred volts or more for produc-
“ing a glow at the cathodeto heat the same,

40

thereafter -continuing 'exhaustion and in-
creaging said potential until said glow fills
said  bulb, dis-continuing said exhaustion

“and contmumg said glow, thereafter resum-
. ing exhaustion until said -glow disappears,

45

50

and exteriorly heating said bulb during said
continued: exhaustion.

16. As an improvement in the art of ex-"
hausting bulbs, the method which consists-

in partially exhausting a bulb to a pressure
of the order of one millimeter of mercury,
impressing. upon electrodes separated in the

atmosphere of said bulb an electric potential -

- of three hundred volts or more for produc-

55

ing a glow at the cathode to heat the same,
thereafter: ‘continuing exhaustion and in-
creasing said. potential until said glow fills

~said bulb, dis-continuing said exhaustion

“and. contmumg said glow, thereafter resum-

ing exhaustion until said glow disappears,

~exteriorly heating ‘said bulb, allowing said

.60

bulb to.cool, and thIe eoohng contlnumg

sald exhaustlon o v
217 Asan 1mprovement in the art of ex-
ha,ustmg bulbs,” the method which consists -

- dn partm,lly exhaustmg a. bulb ~impress-

| 1 m@ﬁf@szf

‘ing a

potentlal of more than three hun-
dred volts upon electrodes separated in the
atmosphere of said bulb, whereby the cath-
ode is heated while the pressure in said bulb
is substantially: one millimeter of mercury,

“and thereafter further exhaustmg said bulb.

18. As -an improvement -in the art of

65
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evacuatmg bulbs; the method which consists -

in partially exhaustmg a bulb, impressing
an electric: potential upon electrodes. sepa-

rated in the atmosphere of said bulb to heat‘
“the cathode, continuing exhaustion and in-

creasing said potential to more than twenty-
five hundred volts, whereby a cathode glow
fills said bulb.

19. As an improvement in the art of
evacuating bulbs, the method which consists
in partially exhausting a bulb, impressing
upon said bulb electrical potentlal whereby
a cathode glow of bluish color- fills said

_bulb, and adjusting said potential until a

cha,nge of color of said glow to a whitish

~color is. impending: : :
20, As an improvement in the art of
‘evacuating bulbs, the method which consists
in partially exhausting a bulb, impressing

upon said bulb electrical potentlal whereby

~a cathode glow of bluish color fills said

bulb, adjusting said potential until a change
of color of said glow to a whitish color is
impending, continuing said glow for a pe-
riod of time, and thereaftér resuming ex-

"haustion until said glow disappears.

21. The method of exhausting an X-rey
tube, which consists in partially exhausting

.the tube, 1mpressmg an,_ electric potential

upon electrodes within said tube, the anti-
cathode serving as cathode to heat the same
to redness with a glow confined thereto,
thereafter further exhausting the tube until

the cathode glow fills the tube to operate-

upon the inner walls thereof, discontinuing
exhaustion and continuing said- lagt named
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glow, and thereafter further exhausting -

said tube.
- 22. The method of exhaustmg an X-ray

.tube, which consists in partially exhausting

the tube, impressing. an. electric potential
upon electrodes within said tube, the anti-
cathode serving ascathode to heat the

‘same to redness with a glow confined there-

to, thereafter further exhausting the tube

. until the cathode glow fills the tube to op-
_erate up the innner walls thereof, discon-

tinuing exhaustion and continuing Said last
named glow, and thereafter continuing ex-
haustion of said tube and simultaneously

‘exteriorly heating the same.

23. The method of exhausting an X-ray
tube, whlch consists in partially exhausting
the tulbie, impressing an electric potential
upon electrodes within said tube, the anti-

11e
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cathode serving as cathode to heat the same

“to_redness. with a glow confined therets, -
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thereafter further exhausting the tube until In testimony whereof I have hereunto
the cathode glow fills the tube to operate affixed my signature in the presence of the 10
upon the inner walls thereof, discontinuing two subscribing witnesses.

exhaustion and continuing said last named HOMER CLYDE SNOOK
glow, thereafter continuing exhaustion and . : g '
simultaneously exteriorly heating the tube, Witnesses:

allowing the tube to cool, and during cool- Frorexce RusH,

ing continuing exhaustion. Ereanor T. McCavrL.



