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This invention relates to electric discharge de 
vices and more particularly to methods of con 
structing such devices to secure the desired Spac 
ing between electrodes. 

Formerly, in order to secure the required pre 
cise spacing between the electrodes of an electric 
discharge device, it was necessary to include with 
in the envelope of the device a mount or support 
ing structure which held the discharge electrodes 
in the desired spatial relationship. Since this 
supporting structure was also required to insulate 
the electrodes electrically, relatively complex ar 
rangements were required. 

In Order to eliminate this interior mount or 
supporting structure, it would be desirable to sup 
port the electrodes entirely by their seals to the 
glass envelope. This again, however, is a diffi 
cult and expensive undertaking, since during the 
glass Sealing operation the electrodes must be 
held in the desired position. The securing of pre 
cise dimensions is always difficult in the making 
of glass-to-metal seals. 

It is the object of the invention, therefore, to 
provide an interior structure which will elimi 
nate the need for internal insulating Supports and 
at the same time maintain the electrodes at the 
proper spacing during the glass sealing operation. 
The invention accomplishes this result by pro 

viding a spacer of conducting material which 
holds the electrodes during the Sealing Operation, 
and then eliminating the conducting spacer by 
melting and vaporizing it with an application of 
electrical energy. 
A feature of the invention is the improved gas 

clean-up or absorption of residual gases left in the 
envelope by the exhaust pump which may be se 
cured by covering the conducting spacer with the 
getter material which absorbs or combines with 
these residual gases when it is vaporized as the 
spacer is heated. Alternatively, the spacer itself 
may be composed of a getter material which will 
absorb or combine with the residual gases when 
it is melted and vaporized. 
A feature of one embodiment of the invention 

is the relatively simple guides which may be 
mounted on the electrodes or on the lead-in wires 
to hold them in alignment with each other and 
with the walls of the envelope. 
The method of the invention may be employed 

in the construction of a wide variety of electric 
discharge tubes with various numbers and ar 
rangements of electrodes and lead-in wires. It 
Will be described as used in making a small spark 
gap in a tubular glass envelope, the gap electrodes 
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being mounted on and Supported by lead-in wires 
Sealed through the ends of the envelope. 
In the drawings, Fig. 1 is a sectional view of the 

electrodes and lead-in wires, one of which is sealed 
through the header which closes one end of the 
envelope; Fig. 2 is a sectional view of the bulb 
with the exhaust tube attached; Fig. 3 is a sec 
tional view of the complete tube; Fig. 4 is a sec 
tional view showing the parts corresponding to 
Fig. 1 of an embodiment using a plurality of 
spacers; Fig. 5 is a sectional view along line 5-5 
of Fig. 4; and Fig. 6 is a side view of the complete 
device constructed from the assembly of Fig. 1. 
The assembly before the Sealing on of the in 

closing bulb is shown in Fig. 1. One of the lead 
in wires f is sealed through the wafer header 2 
and has one of the discharge electrodes 3 welded 
to its inner end. The other discharge electrode 4 
is Welded to One end of the other lead-in wire 5. 
The supporting structure for the discharge elec 

trodes includes brackets 6 and 7 which are Welded 
to the discharge electrodes 3 and 4. To secure 
the proper Spacing between the electrodes, the 
lead-in wires and 5 are clamped into a jig so 
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desired distance 8. A small wire 9 is stretched 
parallel to the axis of the lead-in wires f and 5 
and is welded to brackets 6 and 7. This assembly 
of Fig. 1 is now removed from the jig and inserted 
into the open end 2 of bulb 0 in Fig. 2, the lead 
in wire 5 extending into the exhaust tube 
which is sealed to one end of bulb 10. The open 
end f2 of the bulb to is sealed to the periphery 
of the wafer header 2. 
The exhaust tube is connected to a suitable 

vacuum pump and any desired processing of the 
tube, Such as baking the bulb or heating the elec 
trodes, may be performed while the air is being 
exhausted. If the Spark is to operate in a gaseous 
atmosphere, the exhaust tube may finally be con 
nected to a supply of gas and the bulb filled to 
the required pressure. 
The final step in the exhaust procedure is the 

sealing off of the exhaust tube to form the tip 
3 of Fig. 3. In this construction the lead-in 
wire 5 extends into the exhaust tube and is 
Sealed through the tip f3. 
During this procedure of forming the tip 3, the 

exhaust tube is heated near the bulb 0, and 
as the glass is pushed inward by the external 
atmospheric pressure, the seal between the glass 
and the lead-in wire 5 begins to be formed. If 
the spacer 9 is composed of stiff wire the seal may 
be completed without special attention. It may 
be preferable in some cases, however, to use a 
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flexible wire, and then the spacing can be main 
tained by the following procedure. After the glass 
has begun to adhere to the Wire, but While the 
glass is still hot, the bulb 0 and the exhaust tube 

are pulled apart until the wire spacer 9 is 
straightened to its full length. When this wire 
spacer 9 straightens out the distance 8 between 
the electrodes 3 and 4, as originally spaced in the 
jig, is reproduced inside the glass bulb and accu 
rately maintained when the tip 3 hardens. 
A suitable voltage is now applied to the leads 

and 5 and the wire spacer 9 is disposed of by melt 
ing and vaporizing it with this application of elec 
trical energy. In this construction, with the wire 
spacer 9 attached to brackets 6 and 7 which are 
joined to the electrodes 3 and 4 at points removed 
from the actual discharge surfaces, there is no 
danger that the ends 4 and 5 of the wire spacer 
9 Will be closer together than the discharge elec 
trodes 3 and 4. Such a condition, of course, would 
prevent the tube from having the required electri 
cal characteristics. 
The process of removing the spacer, which in 

this description has been referred to as melting 
and vaporizing, would ordinarily be termed 
“burning out' by workers in the electrical art, 
This term is misdescriptive because ordinarily in 
an electric discharge tube there is no oxygen pres 
ent in which the Wire could burn. The process is 
probably one in which some of the metal is melt 
ed, some is vaporized, and some is first melted 
and then Vaporized. 
The invention is not limited by any theory of 

the molecular action in this process nor by the 
relative amounts of melting and vaporizing which 
take place. The magnitude of the voltage and 
the consequent speed of the process is a matter 
of choice Within the Scope of the invention. In 
the embodiment described, a suitable voltage was 
determined by experiment which melted and va 
porized the spacer without excessive vaporization 
which might Scatter the metal to undesirable 
places in the tube. The remaining ends of the 
spacer were rounded off into neat balls as shown 
at 4 and 5 in Fig. 3. 
The burning out or melting and vaporizing of 

the wire Spacer 9 provides an effective means of 
vaporizing the getter or active material which is 
designed to combine with residual gases not re 
moved from the tube by the exhaust pump. The 
getter material may be coated on the Wire Spacer 
9 and is then automatically vaporized when the 
wire is melted, or the wire spacer 9 itself may be 
composed of a getter material such as magnesium 
ribbon. 

If additional means are required to hold the 
electrode and the lead-in wires in alignment with 
each other and with the axis of the bulb, spacers 
f6 and may be attached to lead-in wires and 
5. The peripheries of these spacers touch the in 
terior of the bulb and hold the lead-in Wires in 
alignment during the tipping operation. In this 
embodiment the aligning spacers 6 and were 
made of mica, and fastened to the lead-in wires 5 
and by tabs 9 and 8 welded to the lead-in 
Wies. 
After the tip seal is made and the Spacer is 

eliminated So that the tube is at the substantially 
completed stage of manufacture shown in Fig. 3, 
the lead-in Wires and 5 may be cut to a suitable 
length and soldered to end caps cemented to the 
envelope. The final product is shown in Fig. 6, 
in which the end caps are designated by numerals 
20 and 2. 

It should be understood that the necessity for 
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4. 
pulling the bulb 0 and the exhaust tube fi apart 
during the final sealing operation is a feature of 
this particular embodiment of the invention only 
when a flexible wire is used to Space the elec 
trodes. In other applications it may be more de 
sirable to use a rigid wire or a rigid Spacer of any 
shape necessary to meet the requirements of the 
particular design. The dimensions and composi 
tion of the Spacer are limited only in that they 
must be so chosen that the heating current 
through the lead-in wires and the spacer will melt 
and vaporize the Spacer Without overheating the 
lead-in Wires. 
Furthermore, the method is not limited to the 

construction of devices With Only two electrodes 
or with tubular envelopes. It may be applied to 
tubes With bulbs of any shape and with any num 
ber of electrodes, Spaced from each other in pairs, 
all spaced from a single electrode, or all spaced 
from a dummy electrode or some part of the tube 
mount. Those skilled in the art of fabricating 
electron tubes and faced with the problem of 
constructing a tube of any particular design will 
be able, from the foregoing description, to apply 
the method of this invention in those cases in 
which it Would be more precise or more econom 
iCal. 

In some applications it may be desirable to use 
more than one spacer between two electrodes. In 
one form of the embodiment described, for ex 
ample, three sets of brackets 6 and 7 were spaced 
120 degrees apart around the electrodes and three 
spacing wires stretched between them. This con 
Struction is shown in FigS. 4 and 5 in which the 
three sets of brackets are 6 and 7, 6a and 7a, and 
6b and b, the two members of each set being 
initially joined by the three spacers 9, 9a, and 9b. 
Arrangements of this nature are sometimes use 
ful in securing better alignment of the electrodes. 

Therefore, although I have shown and de 
Scribed particular embodiments of my invention, 
I do not desire to be limited to the embodiments 
described, and I intend in the appended claims 
to cover all modifications which do not depart 
from the spirit and scope of my invention. 
What claim is: 
1. The method of Securing the desired spacing 

between the electrodes of an electric discharge 
tube which comprises spacing the electrodes with 
conducting Spacers during the construction of 
the tube, Said spacers being joined to the dis 
charge electrodes at points remote from the dis 
charge surface thereof, and subsequently melting 
and vaporizing the Spacers with the application 
of electrical energy. 

2. The method of securing the required spacing 
between the electrodes of an electrical discharge 
device which comprises spacing the electrodes 
With conducting spacers during construction of 
the device, said spacers including getter material 
and being joined to the discharge electrodes at 
points remote from the discharge surfaces, and 
Subsequently melting and vaporizing the spacers 
by application of electrical energy. 

3. The method of Securing the desired spacing 
between the electrodes of an electric discharge 
tube which comprises spacing the electrodes with 
conducting Spacer's during the construction of 
the tube, said spacers being mounted on brackets 
Which are joined to the discharge electrodes at 
points remote from the discharge surfaces, and 
Subsequently melting and vaporizing the spacers 
With the application of electrical energy. 

4. The method of securing the required spacing 
between the electrodes of an electric discharge 
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device which comprises spacing the electrodes 
With conducting spacers during construction of 
the device, said spacers being composed of getter 
material mounted on brackets Which are joined 
to the discharge electrodes at pointS remote from 
the discharge surfaces, and subsequently melting 
and vaporizing the spacers by the application of 
electrical energy. 

5. The method of securing the required spacing 
between the electrodes of an electric discharge 
device which comprises spacing the electrodes 
with flexible conducting spacers during construc 
tion of the device, sealing one electrode through 
the envelope of the device, and Stretching the 
fiexible spacer to its full length during the Sealing 
operation, and melting and vaporizing the Spacers 
by the application of electrical energy. 

6. The method of Securing the desired spacing 
between the two electrodes of an electric dis 

- charge tube including two lead-in Wires Sealed 
through an enclosing envelope with discharge 
electrodes mounted on the interior ends of the 
lead-in wires which comprises attaching brack 
lets to the discharge electrodes at points remote 
from the discharge surfaces, attaching a Wire 
spacer to the brackets, utilizing the Wire Spacer 
during the Sealing and exhaust process to Set the 
spacing between the discharge electrodes, and 
applying a potential difference between the ex 
ternal ends of the lead-in wires to force a cur 
rent through the wire spacer large enough to melt 
and vaporize the wire. 

7. The method of securing the desired spacing 
between the two electrodes of an electric dis 
charge tube including tWo lead-in Wires sealed 
through an enclosing envelope with discharge 
electrodes mounted on the interior ends of the 
lead-in wires which comprises attaching brackets 
to the discharge electrodes at points remote from 
the discharge surfaces, attaching a wire Spacer 
coated with getter material to the brackets, ulti 
lizing the wire spacer during the sealing and ex 
haust process to set the spacing between the dis 
charge electrodes, and applying a potential dif 
ference between the external ends of the lead-in 
wires to force a current through the Wire spacer 
large enough to melt and vaporize the wire and 
the getter material. 

8. The method of securing the desired spacing, 
between the tWO electrodes of an electric dis 
charge tube comprised of two lead-in Wires sealed 
through an enclosing envelope with discharge 
electrodes mounted on the interior ends of the 
lead-in wires which comprises attaching brackets 
to the discharge electrodes at points remote from 
the discharge surfaces, attaching a wire spacer 
composed of getter material to the brackets, ulti 
lizing the Wire spacer during the sealing and ex 
haust process to set the spacing betWeen the 
discharge electrodes, and applying a potential dif 
ference between the external ends of the lead-in 
Wires to force a current through the Wire spacer 
large enough to melt and vaporize the wire. 

9. The method of securing the desired spacing 
between the two electrodes of an electric dis 
charge tube consisting of two lead-in wires sealed 
through an enclosing envelope with discharge 
electrodes mounted on the interior ends of the 
lead-in wires which comprises holding the lead 
in Wires and electrodes in alignment and in the 
desired Spacing, attaching Wire brackets to the 
discharge electrodes at points remote from the 
discharge surfaces, stretching a spacing wire be 
tween the brackets and attaching its ends to the 
brackets, releasing the assembly from the means 
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6 
which hold the lead-in wires and electrodes in 
fixed spatial relationship, sealing one of the lead 
in Wires through the containing envelope, sealing 
the second lead-in Wire through the envelope 
while simultaneously pulling apart the lead-in 
wires to stretch the spacing wire to its full length 
and duplicate the original electrode spacing, and 
melting and vaporizing the Spacing Wire by ap 
plying a potential difference between the external 
ends of the lead-in Wires. 

10. The method of securing the desired spacing 
between the two electrodes of an electric dis 
charge tube including two lead-in wires sealed 
through an enclosing envelope with discharge 
electrodies mounted on the interior ends of the 
lead-in Wires which comprises sealing a header to 
one of the lead-in wires, mounting the discharge 
electrodes on the ends of the lead-in Wires, hold 
ing the lead-in wires in align:ment and at the de 
sired spacing, attaching brackets to the discharge 
electrodes at points remote from the discharge 
surfaces, stretching a spacing Wire between the 
brackets and attaching the ends of the Wire to 
the brackets, removing the assembly from the 
lineans holding the members in fixed spatial rela 
tionship, introducing the assembly into the open 
end of an elongated bulb sealed to an exhaust tube 
at the other end, the lead-in wire Without the 
header extending into the exhaust tube, sealing 
the header on the other lead-in Wire to the open 
end of the bulb, connecting the exhaust tube to a 
pugilp and exhausting the air from the bulb, heat 
ing the glass at the juncture of the exhaust tube 
and the bulb to cut off the exhaust tube and to 
form a tip seal, pulling the bulb away from the 
exhaust tube while the glass is soft and thereby 
stretching the wire spacer to its full length to 
duplicate the original spacing when the seal is 
finally made, and melting and vaporizing the 
Spacing wire by applying a potential difference 
to the external ends of the lead-in Wires. 

il. The method of spacing and aligning the two 
electrodes of an electric discharge tube including 
two lead-in Wires sealed through an enclosing en 
velope with discharge electrodes mounted on the 
interior ends of the lead-in wires which comprises 
Sealing a header to one of the lead-in wires, 
mounting the discharge electrodes on the ends 
of the lead-in wires, holding the lead-in Wires in 
alignment and at the desired spacing, attaching 
brackets to the discharge electrodes at points re 
mote from the discharge surfaces, stretching a 
spacing wire between the brackets and attaching 
the ends of the wire to the brackets, removing the 
assembly from the means holding the members in 
fixed spatial relationship, mounting alignment 
discs on the lead-in wires, introducing the assemi 
bly into the open end of an elongated bulb sealed 
to an exhaust tube at the other end, the lead-in 
Wire Without the header extending into the ex 
haust tube and the peripheries of the said align 
ment discs engaging the inner surface of the bulb 
and holding the electrodes in alignment, sealing 
the header on the other lead-in wire to the open 
end of the bulb, connecting the exhaust tube to a 
pump and exhausting the air from the bulb, heat 
ing the glass at the juncture of the exhaust tube 
and the bulb to cut off the exhaust tube and to 
form a tip seal, pulling the bulb away from the 
exhaust tube while the glass is soft and thereby 
stretching the Wire Spacer to its full length to 
duplicate the original Spacing when the seal is 
finally made, and melting and vaporizing the 
spacing wire by applying a potential difference 
to the external ends of the lead-in wires, 
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12. The method of securing the required spac 
ing between the electrodes of an electric dis 
charge device which comprises spacing the elec 
trodes With conducting spacers during construc 
tion of the device and melting and vaporizing the 
spacers by the application of electrical energy. 

13. An electric discharge device including a pair 
of spaced electrodes, a hermetically sealed en 
velope enclosing the electrodes, and a conductive 
spacer connected from a point on one electrode 
to a point on the other electrode, said points be 
ing a Way from adjacent parts of said electrodes, 
said conductive spacer serving to accurately space 
said electrodes during fabrication of the device, 
said spacer being adapted to be removed upon 
application of a potential difference to said elec 
trodes. 

14. The method of fabricating a vessel en 
closing a pair of electrodes having portions spaced 
apart accurately, comprising the steps of con 
necting a fusible link to the electrodes at points 
spaced further apart than said portions, enclos 
ing the electrodes within a vessel, and parting the 
link by fusing it, 

i5. The method of fabricating an envelope en 
closing a pair of electrodes mutually oriented ac 
curately, comprising the steps of connecting a 
fusible ink between the electrodes to fix the de 
sired orientation, said link being connected at 
points on said electrodes which are more remote 
from one another than the adjacent portions of 
said electrodes enclosing Said electrodes within an 
envelope part of which is fusible, said enclosing 
step including the fusing of at least part of the 
envelope to prevent forcible change of the orien 
tation, and parting the link by fusing it. 
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16. The method of fabricating a vessel enclose 

ing a pair of electrodes spaced apart accurately, 
comprising the steps of connecting a fusible link 
between the electrodes to fix the desired Spacing, 
said link being connected at points on Said elec 
trodes which are more remote from one another 
than the adjacent portions of said electrodes en 
closing said electrodes within an envelope with 
one electrode fixed to the envelope and the other 
electrode supported by said link, fusing the en 
velope to support the latter electrode without dis 
turbing its orientation. With respect to the first 
electrode, and electrically fusing said link. 

17. The method of fabricating an evacuated 
envelope enclosing a pair of electrodes having jux 
taposed portions spaced apart accurately, Com 
prising the steps of connecting a fusible link to 
the electrodes at points remote from Said por 
tions, at least part of Said link being of getter 
material, enclosing said electrodes in an enve 
lope, the latter step including a fusing operation 
to avoid deformation of said link, evacuating the 
envelope, and electrically parting the link and 
simultaneously flashing the getter material. 

HARRY KENNETHISHER. 
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