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To all whom it MAY CONCErn:

Be 1t known that I, Homnn CLYDE Snoon

a citizen, of the United States, residing at

Cynwyd, State of Pennsylvanm -have ~in-

vented certain new and. useful Improve-
‘ments in Evacuation Processes, of wh1ch the

following 1s a specification.

- My 1nventlon relates to a process of ex-
'haustmg or evacuating X-ray tubes, Crookes
' tubes-or other tubes through which electric -

. -discharges are to be passed in rarefied gas; .

~and my invention relates to a like process
. for exhausting or evacuating other tubes oz,
. bulbs" through.. which electric - energy”
5 passed, not through separated electrodes but

IS

- through filaments-or conductors such. as, for
-~ example, In incandescent electric lamps. -

It is the object of my invention to prowde

‘a process for evacuating tubes, bulbs, etc., of
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the character referred to, Wthh will ma—

terially shorten the time consumed In evacu-
ation, cheapen the process of evacuation, and
produce a final vacuum which will improve
the operating characterlstms of ‘the tnbes,
bulbs or ]amps ' -
"T'o these ends my anGHtIOIl resides i in the
process and apparatus herelnnfter descrlbed

and elaimed. -

for an illustration of some of the forms -
my apparatus may take for carrying out my
process reference 1s to be hed to the accom—--

L .panylng dra,wmgs in which.:

- Figure 1is.a dlagrammatlc view of appa--
."ratus for carrying out my process for evacu-

ating an X-ray tube or the like. Fig. 2is a

. diagrammatic view of apparatus illustrating -
~ my process of evacuating incandescent lamp

| of an. X-ray tube whose interior 1s 1n com-.
* munication with a vacuum pump, not shown,. .
‘through the connection 1 during the process

bulbs. = Fig. 8 is a graphic representation of

potentlel aradient between electrodes of
v vacuum tube.

Referring to ]i*ilg 1 X represents the bulb

"4 of evecuatlon The cathode % is in electrical -

- eomm

ication with the: exterior through

- “terminal 2 sealed into the olass of the tube -

‘stem 3; and the anode @ is shown, by way of
e\alnple, as ‘supported upon, the conducting -

tube 4 in the glass tube stem 5 and communi-
.cating with the exXterior 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 theterminal
> 8 of the electrlc sw1tch 9, and the ternnnal 6

*\ .

is in commnnlcatlon through - conductor* 10
~ 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” terminals 8 “and 11 into electrical
communication with the terminals 12 and 13 o
_ respectively, and in its other position brmgs

its terminals 8 and- 11 into electrical com-

munication with thé terminals- 14 and 15
respectively.

The  terminal 12 connects

..ilh
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through conductor 16 with the mid-point of -

the secondary s of transformer £ One ter-

“minal of the secondary s connects by con-
ductor 17 with an electrode 18 of a mercury

vapor rectifier 19, another of whose elec-

79

trodes « 20 connects through conductor 21

with the other terminal of the secondary s.
The main mercury puddle 22 of the rectifier
connects through conductor 28 and ammeter

24 with switch terminal 13 and connects also

5.

w1th terminal 25 of electric switch 26 which

1s adapted to bring terminal 25 into commu- . -

nication with terminal 27 and. to bring ter-
.minals 28 end 29 into’ commumcetlonf with
‘each other. -
-_ through a,mmeter 30 and ed]usteble resist- .
ance 31 with one terminal of the generator
“or source of direct current 32 whose other. -

Thé terminal 28 connects

8'0"'

terminal is connected to switch terminal 27

‘and.to earth E, The source 82 delwers low 85 -
--_voltege direct current tomaintain the ioniz- - -
- -Ing-are between the. mercury puddle 22 and . -
the ‘mercury puddle 88, the latter connected = -

through conductor 34 with’ switch termlnal o

29, it being understood that the arc is started
by causing the mercury puddles 22 and 33.to

90

come 1110111:1entar115r into* contact Wlth each-.-"ll]' |

_-other, as by tilting the: rectlﬁer 19.

'The <transformer ¢ is a step up tra,n's-
former, each half of the secondarv ¢ deliver-

‘ing an alternating current of 1500 volts, for

90

“example, the difference of potentlel between._-' o
‘the electrodes 18 and 20 being therefore 3,000

volts

The primary p of the transformer .

is-shown in" circuit through the switch 35 '10;9"

‘and adjustable resistance 36-and reversing

switch 37 with the generetor or source 38 of o

alternating current.

‘The reversing.switch -

37 simply serves 'to change?he direction of .

- current’ through the primary p if for any
reason any of the connections in the sec-

105

-ondary circuit are.reversed or wrong. The
alterna,tmg current dehvered by the second-

“ary:s to the rectifier 19 is rectified into uni-
dlrectlonel current Wthh is then passed

110



' through the X-ray tube X as and for the
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purposes hereinafter described. =~

- By throwing the switch 9 down mtocom- |
 munication with contacts 14 and 15 and by

throwing the switch 85 over to the left into

- communication with contacts 39 and 40, a

10

15

20

~ primary P for securing.different potentials
~ at the terminals of the X-ray tube X, and
~ the adjustable resistance 36 may also be em-~
Pployed 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-
high potential -unidirectional .current- to.

B

current 1s 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 umidirectional high - tension cur-

~ 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 carrent 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 serves
- to: cut 1n_more or: less of the turns: of the.

- X-ray tube may be employed: -

~ _Thebulb X of th

e 2A-ray tu

and -to- determine - when - this degree of

~thrown into eommunication with terminals

0
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S0

-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-

pTOXImﬂ,tely 55000 YOIt_S,. or even less. .- And

the switch 37 is thrown into such position

as will make the anode ¢ of the tube X the
temporary cathode or- negative terminal.

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 is substantially -4

of an inch in thickne_ss: 1 of an inch thick-

oo deswes

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

~these conditions. . .- .
The vacuum having been determined tobe -
- substantially 1 millimeter of mercury, the
switch 9 1s thrown up

source of very high tension unidirectional with terminals 12 and 138 and the switch 85

7¢

into communication

rempved from - terminals 39 and 40 and -

thrown into the position illustrated in Fig. 1
- thereby causing the rectifier 19 to come into
,'g{er'a;tion 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 -
-be ncreased until the cathode glow spreads .
and extends over the entire temporary cath-
~ode ¢ and along the stem or tube 4 near to
“but not completely reaching the glass of the

bulb X or stem 5. For-an X-ray tube of.
ordinary size a current of from 1 to 2
amperes, as determined by ammeter 24, will

95

generally suffice for this purpose. This ex-

_-cltation 1s continued for approximately 8 or
-4 minutes, more or less, and the glow extend-
‘ing over the temporary ¢athode ¢ and tube 4,
-as described, heats the same until they attain’®
‘a red heat, causing occluded gases to he
cowo o0 driven off.  After maintaining this eondi- |
4] _ > having been
_ put into communication through connection
1 with' the vacuum  pump, not shown, the
40 pump 1s 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
- atter a relatively short period of pumping
45
 vacuum has been reached, the switch 9 may
- .be thrown down into communication with.
“terminals' 14 and .15 and the ‘switch 85

tion for the 8 or 4 mihutes, as stated, the

. primary -, or .both,'havﬂigg_been adjusted as
| _ a~ pressure of from- -
3,000 to 5,000 volts is applied to the tube X.. -~
When ‘'his state is reached, cannection be- 115
tween the biilb X and the pump is again shut =
~off. The cathode glow filling the tube to the
- walls 1s continued by the continued passage
~of current from the rectifier 19.  This tube
filling glow is continued for a relatively !
y cs . short time to heat the inner walls of the bulb
- There will occur around this' temporary - '
~cathode @ a cathode or mnegative glow of
‘about 7 inch thickness, if the vacuum is sub-
stantially 1 millimeter of mercury. If this' actually echanically - removing the gas
molecules- from the cglass walls. The tube
filling glow should be continued only until
_the glow begins to change from a bluish to a

the glow extends; until

to drive off gases condensed thereon, the ac-

tual bombardment of the walls by the glow

al

itselt producing a further beneficial effect by 'i% e

whitish color near the glass walls. If con-

80
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- connection between the tube X and the pump |
- 18 again opened, the pump. continuing to ex-
 haust gas from the tube X while the current
“continues to pass through the tube X.. =~ -
- Asthe vacuum becomnies higher and higher,
due to the continued pumping, the cathode -
" glow extends farther and farther from the -
- temporary cathode. ¢ and tube 4 and will -
finally fill the entire bulb X, resistance 86 or

105
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‘tinued after the appearance of the whitish



ance 36, sufficiently to cause the disappear-.
ance of the whitish glow but to continue a

1,188,702

"glc[:m:-r the glass may soften a;nd- the tube may

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

 tube filling glow of bluish color. At this

10

stage connection with the pump is again re-

established and further evacuation occurs,

- removing the gases removed from the glass

15

920

walls and further rarefying the original gas.

present in the bulb. As the vacuum rises,

15 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
to a temperature of approximately 300°

29
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ture. T o
" 'While continuing the pumping operation,

centigrade, the connection with the pump

remalining 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 15

maintained at the aforementioned tempera-

+

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 reétifying switch R, the switch 35

‘having been thrown over to contacts 59 and

40. The discharges are now passed through

‘the tube from time to time, the anode ¢ being.
now the anode or 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 ot

- vacuum has been reached, the vacuum at this
~ time, because the tube 1s still hot or. warm, 1s

lower than the vacuum when the tube is cool.  meter . . _
For example, when the resistance of the tube the hydrogen or neutral gas to diffuse, the.

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

8

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

connection 1 to the Vacuum pump is sealed .

70

spark gap resistance of 6 or 7 inches 1n

length, this resistance of the tube being sat-

isfactory for the production of X-rays.
By the process above described the evacu-

75

ation of the tube may be accomplished m

“about three quarters of an hour as compared

with a period of from 2 to 4 hours by prior
methods. I - |

Where an induction coil employing direct
current with an interrupter in its primary

circuit or other imperfect rectifier is used

for supplying the current to the tube 1n
place of the rectifier 19, the bad effects ot

8C
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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 illow the hy-
“drogen-or other gas
through the tube, connection with the pump

to diffuse thoroughly

is again. established and the vacuum again

 raised to a pressure approximately 1 milli-

meter of mercury. Then the process as here-
inbefore outlined is continued. And even

00
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100
in cases where rectification is perfect, there -
is a glow at or surrounding the temporary
anode % and if the rate of liberation of en- .
ergy within the tube be. sufficiently great L
and if the gas content of the tube is chemi- 105
cally active with the temporary anode mate- - -

rial, excessive local heating at one or more

points on the temporary anode occurs, and

‘this heating may be so intense as to ralse
the neighboring glass to such a temperature
“as to cause softening or 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 -

11C

115

will at that temperature chemically attack
the temporary anode, the local, neating oc- .

curs as stated. To overcome this effect, hy-

~ drogen or other gas chemically neutral with 120
respect to the temporary  anode material =

may be introduced after the initial pump-

meter of mercury. ~Theén after allowing

‘process ‘is continued as hereinbefore first .

described. .. ~

‘ing to a vacuum_.of approximately 1 milli-. -~

125

- In Fig. 2 T have shown one form of ap- .

paratus - for carrying out my process of -~

evacuating incandescent lamp bulbs, or the 13

130



. VACUHO.

" yacuum pump.-

10

15

. rior of the tube 44, and therefore with the
Interiors of the bulbs B, is the electrode 49
to which 1s cennectea the conductor 50

20

25

bulbs of any device in which an electric con-
ductor 1s traversed by current while in
Here the plurality of lamp bulbs B
may be simultaneously in communication p
through the tubes 48 with the tube 44 adapt-
ed te be- put. mto communication’ Wlth ‘a
| The lamp filaments f are
- 'sealed through the bulbs B in the usual man- .
ner and one terminal of each filament is con-

nected to the conductor 45 while the other
“opening -the switch 48-and the application

of heat to the oven is discontinued and the
_oven allowed to cool. Pumpmg is continued

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-

sealed through the glass of the hollow pro-

jection 51 sealed to the tube 44 at any suit- -
The conductors 45 and 50 are’

adapted to-be put into electrical communi-
cation with a source of more or less high
potential unidirectional current, approxi-

able point. .

" mately 1500 volts pressure, such as may.be

30

39

‘.:_} 4 0 .‘.

“mately

-dehvered by a rectifier 19 or equivalent ap-.

paratus. Here the conductor 45 1s shown
connected to earth E, though conductor 46

may be so connected instead.

- The vacuum pump having been etarted;.
“the tube 44 is put into communication with

1t, 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-
- sure in the bulbs B rises, for example, tc

o one halt atmosphere pressure.
ing is resumed and continued until the -

.' veeuum again attains a pressure approxi-
1 millimeter of mercury or less.

Then the conductors 45 and 50 are thrownm;

Then pump-

- into communication with the source of uni-

45

" the filaments 1y
~ electrodes or cethedes during the process,
and the pumping is continued until such:
,negatwe 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
' meehemcal effect to remove the gases from
the inner walls of the bulbs, such ‘gases be-
_ “ing removed by the centmued pumpmg
. 'The heating oven may now be started: Con-
. nection from tube 44 to the
- - and the negative glowfilling the bulbs is :[-'-'i't

00

55 1

60

tirely.

. directional current of 1500 volts pressure
© more or less, causing a negetwe glow around
which are made the negative

- In  partially exheustmg a ~bulb, passing

continued until the whitish glow appears..

- Then pumping is resumed until the negative.
glow discharge entirely or substantially- en- - the - cathode
‘disappears. During -this tlme ‘the -

bulbs heve been rlelng n temperature due

trodes.
potentials in the gas between the electmd;es »--

between an anode and -cathode,
said cathode by said energy, and further

pump is shut, off

w-'te ﬁ:he rise in tempereture of the even emi -'
the heetmg by the oven is continued as 18
~also the pumping and a current may now be
_ closing -
“ the switch 4:8 ‘the current '&:hmugh the fila- -
‘ments ‘being continued for some time,
“consequent heating of the filaments: dmves”“
off finally any gases condensed upon or oc- .
cluded within' the filaments.

assed through the filaments f by

through the filaments is then mterruptee by

“until the bulbs are cool enough to handle and
and the

‘bulbs are vacuum tight end sepereted irom
‘the tube 44. The result is a final vacuum -
“which is important in improving the oper-

the  tubes 43 are then sealed off,

ating and life characteristics of mcendes-

.cent lamps and the. like, particularly in the
case of incandescent lamps having tungeten

or other metallic filaments."
In Fig.

‘The

65

The current

75
30

85

3 there 15 a gre;phm representetlon '

ef the potential gradient, curve 55 repre-

- senting the potential drop at different ] polnts
‘in the gas path between negative and posi-

tive termmele or electredes when the gas,
such as alr, is 4t a pressure in the neighbor-

hood of 1 mﬂhmeter of mercury. This fig-

90

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 repreeented |

at 53, 54 representing the face of the posi-
tive electrode, the space between indicating
the distance in gas between thé two elec-
‘Ordinates of the curve represent

Inasmuch as the potential drop for a given

current 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 utlllzeble

for the purposes herem descmbed

W hat I claim is:

1. As an 1mpr0veme11ﬁ 'the ert ef en-

100
105
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he.uetmg bulbs, the. methed which consists

energy -through the remanent. atmosphere o

heating

exhausting said bulb during passage of en-

ergy until the cethede glow fills said bulb
‘and acts ipon. the inner wells thereof.

2. As an improvement in thé art of ex- -

nheustmg bulbs, the method which consists
~1n partially exhausting a bulb, passing en-
ergy’ thmugh the remanent etmosphere be-

ween an -anode and cathode, heating said

“cathode by said energy, further exhausting
said bulb during passage of energy untu
glow fills said bulb and acts
upon the inner walls theéreof, mﬂ;ermpﬂ;mg,
“exhaustlen for a perlod durmg Whmh Sele.

120

125



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

10

15
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bulb ﬁ]ling glow -co_ntinues,“l and thereaftér_

‘resuming exhaustion until said glow 1s re-

duced.

3. As an impfovement in the art of ex-

hausting bulbs, the method which consists
in partially exhausting -a bulb, passing en-

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. | | B |

4.. As an irﬁproveni{enti in the art of ex-
hausting bulbs, the method which consists

in partially exhausting a bulb, passing en-

20

25

. 30

 in impressing electrical potential of three

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. ex-
haustion for a
bulb filling glow continués, thereaiter re-

period during which said

suming exhaustion until said glow 1s re-
duced, and exteriorly heating the bulb.

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

" hundred volts or more upon electrodes sepa-

39

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

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

40

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

45

' in thickness for heating said cathode, and

thereafter further exhausting said bulb. -

impressing electrical potential of three hun-

‘dred volts or more upon electrodes sepa-

rated in the atmosphere of said bulb, reduc-

ing the pressyre within said bulb to the

50

order of -one

. taining said glow for a period of time, and

. thereafter further reducing the pressure

 within said bulb. -

_sergy of a‘unidirectional current ‘through
~ said bulb, adjusting the amount of sald -en-
. ergy to cause a glow spreading over an elec-
50 trode within said bulb to heat said electrode
" ‘and resuming exhanstion of said bulb while
uing passage of said. energy through
glow- extends and .atmg . . | atial
> . of three hundred volts or more for produ¢- . .

60

. ¢ontinuing
“-'said bulb Wwhereby said
finally fills said bulb.” =~

) ¢
.
..
-

- 7. As an improvement 'ilr_the; art of '_e.x'-.‘
65-hausting bulbs, ‘the .method. which consists

exhausting a bulb, passing en-

in partially

. ergy

| millimeter of mercury - until
said potential produces at the cathode a
- glow substantially one-sixteenth of an inch--
n thickness for heating said cathode, main-

8. 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, and discontinuing exhaustion

&

65
70
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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-
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. . o

- 10. As.an improv'ement in the art Of';ex-'-

30

85

90

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-

o5

‘trode within said bulb to heat said electrode, - -
resuming exhaustion of said bulb while eon-

tinuing passage of said energy through said 100

bulb whereby sald glow extends and finally

tion until said glow disappears.

11. As an 1mprovement 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- 1
‘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-

fills said bulb, discontinuing exhaustion and -
‘maintaining said bulb filling glow for a smt- = -
able period, and thereafter resuming exhaus- -

110

115

able period, and thereafter resuming exhaus-

tion until said glow disappears, exteriorly

heating said bulb during continued exhaus-

tion, and sealing off said buib.

12. As an .1mprovement 1n the art of ex-

120

hausting bulbs, the method which consists

‘in partially exhausting a bulb-to a pressure IR
of the order of one millimeter of mercury, 125

impressing upon electrodes separated m'the =~

atmosphere of said bulb an electric potential - o
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- Impressing upon electrodes separated in the
.10

- of three hundred volts or more for produc-
ing a glow at the cathode to heat the same, -
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e i'_ mg a glow a;i; the cethode te hee't the ea,me9
o end thereafter continuing exhaustion and -

- =mcreasmg smd petentlel untll sald glew ﬁ_lls
"‘sa,ld bulb. o _
-13. As an 1mpr0vement in. the ert of ex:—i
--ha,ustmg bulbs, the method which  consists

- in partially exhauetmg a bulb to a Ppressure
' . evacuetmg bulbs, the ‘method Whlch consists - -

i partially exhaustmg a bulb, impressing
an electric: potential upon electrodes sepa-
- rated in the atmosphere of said bulb to heat

of the order of one millimeter of mercury,

atmosphere of said bulb an electric potential

~ thereafter continuing exhaustion and in-

SN creasing said potential until said glow fills

sald bulb, and' dis-continuing eld exhaus-

tion and contmumg said glow.

) -'heustmg' bulbs, the method. which consists

‘In partially exha,ustmg said bulb to a pres-

' .'__._-_;201 sure of the order of one millimeter of mer-

.Cury, impressing upon electrodes separated

" inthe atmo sphere of said bulb an electric po-
- . tential of three hundred or more volts for
- producing a glow at the cathode to heat the

same,. thereafter continuing exhaustion and
~ “increasing said potential until said glow fills
-7 sald bulb, dis-continuing said exhaustion

- and contmumg sald - glow, and thereafter
.. resuming exhaustion until smd glow d;1sap-
- 30 | -

PB&TS .

15. As an 1mpr0vement In the art of ex-

- - hausting bulbs, the method .which consists
| - in partially exheustmg a, bulb to a pressure

85

~ 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-
.~ ing a glow at the cathode to heat the same,
~ thereafter continuing exhaustion |
creasing said potential until said glow fills
~ said . bulb, dis-continuing said exhaustion
- tand contmmng sald glow, thereafter resum-
. . ing exhaustion until said-glow disappears,

- and exteriorly heating said bulb dumng sa,ld

45 -

© - 16. As an improvement in the art of ex- "
"~ hausting bulbs, the method which consists .
' in partially exha,ustmg a bulb to a pressure

continued- exhaustion.

- of the order of one millimeter of mercury,

50
. atmosphere of said bulb an electric potential-
. of three hundred volts or more for produc-

 Ing a glow at the cathode to heat the same, .
IR .thereafter contmumg exhaustion and in-
P98
- said bulb, dis-continuing said exhaustion

impressing. upon- electrodes separated in the

creasing said.potential until said glow fills

. and centmumg said glow, thereafter resum-

L exteriorly hea,tmg
60

o -_seld exhaustmn

17. As an 1mprovement in the ert of ex-

. ha,ustm ‘bulbs, the method which consists

erﬂ;lelly exheusﬁmg a. bulb mpress—-

_.iatmosphere of said bulb, ‘whereby
- ode is heated while the pressure in said bulb
is substantially: one millimeter of mercury,

a cathode

4 cathode

and 1n- .

sald bulb, allowing said
bulb to cool, and whlle coo-hng contmulng |
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"if.'jmg 2 poﬁ:entml ef.~..more 'rtha,n three hun-
~dred volts upon electrodes separated in the
the cath-

~and thereafter further exheustmg said bulb.

18: As -an’ improvement in the art of

the cathode, continuing exhaustion and in-
creasing.sald potential to more than twenty-

08

70

five hundred volts, whereby a cathode glow

- fills said bulb.

19. As an .improvement in the ert of

14. As an improvement in the art of ‘ex- - evacuating bulbs, the method which consists

in partially exheustmﬂ' a bulb, impressing

upon said bulb eleetmeel potentlel whereby
glow of bluish color- fills selci

bulb, and adjusting said potential until a

',ehenge of color of said glow to a whitish
“color 1s. impending: -

20. As an 1mpr0vement n the art of

_'-’m ecuetmg bulbs, the method which consists
“in partially exha,ustmg a bulb, impressing 90

upon said bulb electrical petentlel whereby

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

"haustion untll sald glow disappears.

21. The method of exhausting an Ea-ra,y
tube, which consists in partially exhausting

the tube, 1mpressmg an _electric potential

80

86

95

100

upon electrodes within said tube, the anti-

cathode serving as cathode to heet the same

to redness with a glow confined thereto,
thereafter further exhausting the tube until

the cathode
upon the inner walls thereof, discontinuing

exhaustion and continuing said lagt named
“glow, and thereefter further exheustmg ,

sald tube. - .
'92. The method of exhaustmg an. X-rey

glow fills the tube to operate.

105

110

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 glew fills the tube to op-
erate up the innner walls thereof, discon-

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

e ing exhaustion until said glow disappears, exteriorly heating the same.

115

120

23. The method of exheusﬁng an X—re}f o

tube, Whlch consists 1n partially exhausting
- the tube impressing an electric potential

125

‘upon. electrg)des within said tube, the anti-
_cathode serving as cathode to heat the same =

to redness wﬂ;h a glew cenﬁﬂe& theremg |
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thereafter further exhausting the tube until In testimony whereof I have hereunto
the cathode glow fills the tube to operate aflixed my signature in the presence of the 10
upon the inner walls thereof, discontinuing two subscribing witnesses.

exhaustion and continuing said last named | | s

glow, thereafter continuir?g exhaustion and '_HOMER CLYD K SNOOK.
simultaneously exteriorly heating the tube, Witnesses:

allowing the tube to cool, and during cool- I'rorENCE Rusw,

ing continuing exhaustion. Erepanor T. McCavL.
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