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This invention relates generally to electric discharge
devices and pertains more particularly to a new and im-
proved gap tube and a new and improved electrode struc-
ture for a gap tube.

Gap tubes have heretofore, been employed, for example,
as protective devices for capacitors in power circuitry.
When so employed, a gap tube is connected in parallel
with the capacitor and protects it by breaking down or
discharging when the capacitor voltage rises under fault
conditions above a predetermined valve. After the ca-
pacitor voltage returns to normal, the discharge in the
gap tube is extinguished and the device stands ready to
protect the capacitor against any subsequent fault over-
voltage.

Long life, high reliability, and substantial uniformity
in the breakdown volitage throughout an extended opera-
tional life are particularly desirable in gap tubes, espe-
cially where failure of such a device to protect adequately
can result in considerable and costly damage, and where
replacement of the device is both difficult and expensive.
Additionally, it is desirable to obtain gap tubes for in-

reased power handling capacity without foregoing any
of the above-discussed desiderata and without resort to
increased tube size.

In prior art devices, highly polished opposed metal
electrode surfaces are utilized in efforts to obtain some of
the above-noted desiderata. However, it has been found
that, in devices including such polished surfaces, the arc
tends to stick or hesitate at particular points on the elec-
trode surfaces and for such durations as to cause substan-
tial heating and pitting of the metal surface. The pitting
1is caused by vaporization of the metal. There is a natural
tendency for the evaporated metal to condense on the
relatively cooler side walls of the insulator separating the
electrodes. Deposition of metal on the side walls ad-
versely affects the surface conductivity of the insulator.
Additionaily, the presence of metal on the side walls en-
ables spurious breakdowns or undesirable jumping of the
arc to the side walls. Further, the pitting of the electrode
surfaces has the undesirable effect of releasing occluded
gases from the electrode material during operation of the
device. All of these adverse effects usually resnlt after
only a few breakdown discharges and cause radical de-
parture from the breakdown conditions in the device as
originally designed. Additionally, the deposition of con-
ductive material on the side walls and adverse effects
thereof have been observed in prior art devices to become
progressively worse with life and consequently such de-
vices were not found reliable and adapted for substantial
uniformity in breakdown voltage throughout a long oper-
ating life.

Further, in prior art devices of the above-described type
substantial diffusion or radial extension of the discharge
column between the opposed electrode surfaces has re-
quired that the devices be of such dimensions as to dis-
pose the internal envelope walls sufficiently remote from
the discharge column to minimize spurious discharges to
the walls. Where condensed material tends to deposit on
the envelope walls due to the evaporation of electrode
material, even greater dimensioning has been reguired to
dispose the walls sufficiently remeote to minimize spurious
discharges. Thus, for a given value of breakdown volt-
age the dimensions of the device have had to be in-
creased to compensate for the undesirable effects of dep-
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osition of conductive material from the pitted electrode
surfaces, and for the substantial diffusion of the discharge
column. Expressed in another manner, for given dimen-
sions of a device envelope, power handling capacity has
been reduced in prior devices due to, the deposition of
conductive material from the pitted electrode surfaces on
the wall portions of the device, and the substantial dif-
fusion of the discharge column ordinarily encountered in
prior art devices.

The present invention contemplates the provision of an
improved gap tube adapted for affording all of the above-
discussed desiderata and for overcoming the difficulties en-
countered with prior art devices by including a simplified
ceramic and metal envelope construction, and an im-
proved electrode construction. Additionally, the present
invention contemplates the provision of a gap tube where-
in the pressure of a filler gas, spacing of the opposed
electrodes and dimensioning and positioning of the elec-
trodes and envelope walls are all in predetermined selected
relationships for affording orders of magnitude of in-
creased power handling capacity and extended tube life.

Accordingly, the primary object of the present invention
is to provide a new and improved gap tube adapted for
increased operating life, greater reliability and greater uni-
formity of breakdown voltage throughout an extended
operating life of the tube.

Another object of the invention is to provide a new
and improved electrode construction for a gap tube
adapted for minimizing pitting of the electrodes and dep-
osition of evaporated electrode material on the internal
walls of the device, thereby to minimize the adverse effects
thereof on both the breakdown conditions of the tube
during operation and the reliable life expectancy of the
tube.

Another object of the invention is to provide a new and
improved gap tube electrode adapted for causing the arc
to move rapidly over substantially the whole active sur-
faces of the electrode, thereby to avoid pitting of the
surfaces and provide for cooler operation of discrete
areas thereof.

Another object of the invention is to provide a new and
improved gap tube including improved means adapted for
controlling the diffusion of the discharge column in a
manner which enables increases in power handling ca-
pacities in order of magnitude and while enabling reduc-
tion in tube sizes for given values of gap breakdown
voltages.

Another object of the invention is to provide a new and
improved gap tube which is relatively simple and inex-
pensive from both the structural and manufacturing stand-
points.

Further objects and advantages of the invention will
become apparent as the following description proceeds
and the features of novelty which characterize the inven-
tion will be pointed out with particularity in the claims
annexed to and forming part of this specification.

In carrying out the objects of the invention there is
provided a hollow ceramic cylinder having metal end caps
hermetically bonded to the opposed ends thereof to pro-
vide an envelope assembly. Supported from the end
caps and exfending in coaxially spaced relation in the
envelope are a pair of relatively massive solid cylindrical
metal electrode members. The electrode members in-
clude opposed parallel, generally planar, transverse, active
end surfaces defining a gap therebetween. The active sur-
faces comprise a myriad of substantially uniform and
closely spaced protrusions which are substantially small
relative to the clectrode members and the gap between
these members, but which are each substantially massive

clative to the spaces between the protrusions. Addition-
ally, the protrusions are integral portions of the electrode
members proper. The active surfaces extend at least
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partially over the side portions of the electrode gnembi:l;s
and are advantageously formed by fluid blasting with
powdered alumina or a like abrasive material of prede-
termined mesh size. Further, the envelope contains a
predetermined jonizable medium and the pressure of the
medium and the distance of the gap are each preselected
in providing a pressure-distance product appropriate for
a device of a predetermined vsltage breakdown charac-
teristic.

For a better understanding of the invention reference
may be had to the accompanying drawing in which:

FIGURE 1 is a sectional elevational view of a gap tube
constructed in accordance with the present invention;

FIGUREE 2 is a chart showing the breakdown volt-
ages obtainable with opposed planar electrodes in argon;

TIGURE 3 is a chart illusirating the pressure and gap
distance values at which prolonged tube life is obtainable
according to the present invention;

FIGURE 4 is an enlarged fragmentary sectional view
illustrating the mananer in which the improved electrodes
of the invention are effective for minimizing evaporation
of the electrode material; and

FIGURE 5 is a fragmentary scctional view greatly en-
larged and illustrating the manner in which the individua
profrusions on the active electrode surfaces are effective
for assisting in minimizing undesired metal evaporation
and for affording greater power handling capacity for the
device.

Referring to the drawing, there is illustrated in FIG-
URE 1 a gap tube constructed in accordance with the
present invention and generally designated 1. The tube
i comprises a hermetically sealed envelope including a
cylindrical ceramic insulator ot wall member 2 which can
be advantageously formed of alumina. The inner wail
of the insulator 2 defines a siraight cylinder while the
outer wall is annularly corrugated to increass the elec-
trical creepage distance thereacross.

Sealed to the upper and lower ends of the insulator 2,
by means of any suitable hard solder method, are upper
and lower metal end caps 3 and 4, respectively. The
end caps arc shaped to define shallow cup-like members
and can be advantageously formed of copper-clad chrome
iron; and, as seen in FIGURE 1, the bonding is effected
so that any sharp edges on the end caps are disposed
exteriorly of the envelope.

Mounted on the end caps 3 and 4, as by welding, are
upper and lower slectrode members 5 and §, respec-
tively. The electrode members comprise solid cylindrical
metal members and arc massive relative to the other
members of the siructure. Additionally, the electrode
members extend in the envelope in coaxial longitudinally
spaced relation. Further, the elecirode members include
transverse inner ends which are parallel and are prede-
terminedly spaced for defining a discharge gap of pre-
determined length. Still further, the electrode members
are formed of a material having a very low impurity con-
tent, high specific heat capacity, high magnetic perme-
ability and, at least, 2 medium high meliting point and
a medium high thermal conductivity. The purpose for
providing members having these properties and the par-
ticular material found highly advantageous in forming
such members will be brought out in detail hereinafter.

The upper end cap 3 is fitted with an exhaust tubula-
tion 7 and communication between the exhaust tubula-
tion and the interior of the envelope is provided by a
passage & extending from the side of the upper electrode
3 and through the electrode member and the upper end
cap. Following exhaust of the device through the tubula-
tion 7 the latter is pinched off and thereby sealed.

Provided for protecting the tubulation 7 against dam-
age is a tubular member 9 brazed to the end cap 3 about
the tubulation. Additionally, the member 9 serves as an
electrical connection between the upper end of the gap
and a flexible lead 19 provided with a connector lug 11.

Secured to the lower end cap 4, as by welding also, is a
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member 12 constituting a combination mounting bracket
and an electrical contact. The member i2 can be gen-
erally U-shaped with cne side of the U welded to the
end cap 4 and the opposite side formed with apertures
for receiving screws for mounting purposes. With thi:
construction the tube can be satisfactorily and easily
mounted with the bracket 32 being effective for making
satisfactory electrical comtact with the lower end of the
tube and minimizing transfer of shocks and vibration to
the tube. ’

Ths tube 1 contains an atmosphere of inert gas which
is preferably argon and can include a quantity of radio-
active material for assisting in initiating breakdown.
However, where shielding from cosmic radiation is not
present this form of radiation can be relied upon for
assisting in breakdown and the use of radioactive ma-
teria! can be avoided.

The argon is present in the tube at a predetermined
pressure which is related to the design breakdown voltage,
or voltage at which desired operational discharge will
occur across the gap defined by the epposed ends of the
electrode members 5 and 6.

In accordance with common practice, the design of a
gap tube first involves reference to a chart of the type
iilustrated in FIGURE 2 which shows the breakdown
voltage, or the prediction of starting voltage for ionization
of argen in a device including opposed planar electrode
surfaces. From this curve it is possible to predict the
pressure-distance product tequired to effect breakdown
at given desired operating voltages. Thus, for example,
i one desired to construct a gap tube including an argon
atmosphere and adapted for breaking down or discharg-
ing at 1600 volts, the product of the pressure of the argon
and the distance of the discharge gap measured in cen-
timeters should ideally equal a value of 100,

Heretofors, the above-discussed pressure-distance prod-
uct requirement was well recognized. However, the
product requirement has always been considered para-
mount and, accordingly, it has been the practice, in arriv-
ing at the desired product, first to select, for example,
either the pressure arbitrarily as any desired muitiplier
value and then to adjust the value of the distance as a
muitiplicand, whereby the desired product would be
cotainsd.

According to one feature of the present invention, tube
life can be maximized or prolonged by unexpected orders
of magnitude by preselecting both the gas pressure and
gap distance in arriving at the desired breakdown prod-
uct. More specifically, after the required product is
arrived at by reference, for example, to the chart of
FIGURE 2, pressure and gap distance, whereby prolonged
tube life is obtainable, are selected to afford a relation-
ship between

=1600 an

a3

4
a 220 _g50

d
where p=the pressure of argon in mm. of Hyg and d=
the gap distance in cm. For optimum tube life the rela-
tionship should closely approach

P+200
d

Still more specifically, and referring to FIGURE 3,
one desirous of consiructing a gap tube having a break-
down voltage of e==8000 volts, for example, can obtain
prolonged life for such device by utilizing a pressure and
a gap distance satisfying the above noted relationships.
The 8000 volt breakdown is indicated by a curve desig-
nated A in FIGURE 3. The relationships ‘

D n p+400__
d—-lGOO and T—

=1100

850

are.indicated in FIGURE 3 as dash line curves and the
desired prolor}ged life will be cbtainable with any values:
of p and 4 satisfying a relationship failing on the curve A.

P
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between the two mentioned dash line curves. On the
portions of the curve A outwardly of the dash-line curves,
tube life falls off by orders of magnitude. As indicated
above optimum prolonged tube life is obtained as the
relationship of p and d approaches the values indicated
by the solid line representing the relationship
P+200_ 1100
d
The curves designated B to E are exemplary of pressure-
distance products for use in obtaining devices having other
desired breakdown volitages. With tubes constructed to
operate at these breakdown voltages the pressure-distance
values for prolonged tube life also fall between the rela-
tionships indicated in FIGURE 3 by the dash line curves
and tube life is optimized generally along the solid line
curve

pH200_ 4409

d
The curve E represents a range of pressure-distance re-
sulting in close to the minimum breakdown value for
argon. However, it will be understood from the fore-
going that the above-discussed prolonged tube life is
obtainable with E or any breakdown voltage thereabove
and the curves A—D are only exemplary. It will also be
understood from the foregoing that the medium utilized
is preferably essentially argon and any atmosphere which
might include argon and small amounts of other gases
can be considered essentially argon and will be satisfactory
for use in the presently disclosed device.

The active electrode surfaces defining the gap between
the electrode members 8 and 6 are shown in FIGURE 1
as being cap-shaped and are designated 5a and 6a, re-
spectively,  Additionally, the surfaces 8¢ and 6a are
constructed in a particular manner according to the pres-
ent invention. Specifically, and as perhaps better seen in
FIGURE 4, the active surfaces of the electrode mem-
bers are predeterminedly textured or formed to provide
a myriad of substantially uniform closely spaced pro-
trusions 13. The protrusions 13 are substantially small
relative to the electrode members prover. However, as
shown in FIGURE 5, each protrusion is subtsantially
massive relative to the spaces between the protrusions
and extends substantially straight axially toward the op-
posed electrode. Additionally, the protrusions comprise
integral portions of the electrode members proper and
the base portions of the protrusions are substantially
large, which features of the structure provide for opti-
mum current flow and heat transfer threugh the protru-
sions to the bodies of the electrode members. Integral
protrusions of approximately 1.0 to 50 mils height and
having base widths of approximately 1.0 to 50 mils have
been found advantageous for obtaining the objectives
of the present invention.

In operation of the device, and during a discharge, the
protrusions 13 are effective for causing the arc, desig-
nated for purposes of illustration by the lines 14 and 15
in FIGURE 4, to “run” or move rapidly completely over
the active surfaces of the electrode members. This “run-
ning” effect is believed to be caused by the influence of
induced transverse magnetic field components, such as
indicated by the arrow 6. It is believed that the mag-
netic fleld components tend to bend the arc laterally away
from the vertical position over the individual protrusion
upcn which it is anchored at a particular instant, and
this is effective for causing the arc to “run” or jump to
the next adjacent protrusion after only a relatively short
dwell period on the preceding protrusion. Thus, the arc
is caused to move rapidly from one protrusion to another
without dwelling at any particular one long enough to
generate enough heat to cause evaporation of the electrode
material.

It will be understood from the foregoing that the spaces
between the protrusions 13 must not be so great that the
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magnetic field will be ineffective for influencing the arc
to jump rapidly from one protrusion to the next adjacent
one and so on. If the spaces between the protrusions
are too great, the magnetic field will be insufficient for
influencing the arc to bend toward and rapidly jump to
the next protrusion and the arc will dwell an inordinate
length of time on a particular protrusion and will move
in a jumpy, jerky manner, in which case the arc will
cause evaporation of the protrusion material and create
the same type of problems encountered in the prior art
with pelished active electrode surfaces. Thus, prior art
devices wherein, for example, the active surfaces have
been knurled or otherwise roughened for endeavoring
thereby to provide field concentrations to facilitate arc
initiation and without appreciation of the present teach-
ing that the protrusions must be predeterminately dimen-
sioned and spaced for causing the arc to move rapidly
over the active surface, will be subjected to the same, if not
greater, difficulties as encountered with polished active
surfaces.

Contributing to avoidance of evaporation of the elec-
trode material at the active surfaces of the electrode
member is the integral comstruction of the protrusions,
the high specific heat capacity of the material employed
for the electrode members and the high magnetic permea-
bility of the electrode material. As illustrated in FIG-
URE 5, the size and dimensions of the protrusions are
such as to afford substantial heat transfer paths indicated
by the arrows 17 from the discrete protrusions to the
main body portions of the electrode members.  Addi-
tionally, heat transfer from the protrusions to the bodies
of the electrode members is maximized by the integral
nature of the protrusions. It will be understood from the
foregoing that the mere bonding of protruding conduc-
tive particles on the active surfaces of electrodes, as has
been done in the prior art to provide field concentrations
for facilitating initiation of an arc, will not afford the
same kind of heat and current transfer as do the presently
described integral portions. As pointed out above, the
protrusions of the present invention are integral and in-
clude substantially large base portions which insure sub-
stantial direct heat flow paths to the electrode base por-
tion. The avoidance of substantial heating of discrete
areas of the active surfaces resulting from the running
of the arc not only prevents the undesirable evaporation
of the electrode material and all the incidental difficulties
resulting therefrom, but also is effective for distributing
the heat more uniformly over the entire active surface or,
in other words, it reduces the average power density at
the active electrode surfaces. This causes the active sur-
faces of the electrodes to run cooler during a discharge
because more of the electrode body portion is thus adapted
for conducting the heat outwardly toward the end caps.
As a result of the cooler electrode operation and adapta-
tion of the structure for greater current conduction, the
tube is adapted for increases in current handling capacity
of asmuchas 10to 1 or 20to 1.

In practice the desired texture of the active surfaces
8a and 6a has been obtained by blasting the electrode
ends with powdered alumina having a mesh designation
of approximately 25 to 150 mesh and with a pressure of
approximately 100 Ibs. per square inch. An 80 mesh
powder has been found to provide particularly satis-
factory results. In blasting the active surfaces other
abrasive materials such as Carborundum may be effec-
tively utilized in place of the alumina.

The provision of the opposed active surfaces textured
in accordance with the present invention is also effective
for substantially confining the arc to the opposed parallel
active surface portions of the electrodes. This minimizes
tendency toward spurious arcing to the side walls. Addi-
tionally, it permits the side walls to be moved inwardly
to reduce the size of the tube or to locate the side walls
at a distance from the electrode members calculated
to yield the most consistent breakdown voltages and still
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result in maintaining the arc substantially confined be-
tween the electrode members without spurious discharges
to the side walls of the emvelope and without the side
walls becoming coated with evaporated electrode material.
Also, it enables the electrode members 5 and 6 to be
of greater diameter relative to the inside diameter of
the insulator 2 without introducing problems regarding
undesirable changes in breakdown conditions, spurious
discharges to the envelope wall and deposits of conductive
material on the wall. Increased diameter of the electrode
members allows for increased active electrode surface
areas and increased current and heat conductivity for
increasing the power handling capacity of the gap tube.
Further, increasing the diameter of the electrode mem-
bers reduces the field concentrations about the electrode
members with the desirable effect of minimizing tendency
toward spurious arcing to the side portions of the elec-
trode members.

It has also been found advantageous to round off the
circumferential edges of the active surfaces of the elec-
trode members and to extend the blasted or textured
surface portions of the electrodes at least pariially along
the side walls of the electrode members to provide a
textured skirt. The textured skirt portions are adapted
for affording the desired protrusions and the beneficial
effects thereof in respect to any arc occurring cutwardly
of the opposed planar active surface portions of the
electrodes.

As indicated above, the electrode members 5 and 6
are advantageously formed of material having a very
low impurity content, high specific heat capacity and at
least a medium high melting point and thermal
conductivity.

The low impurity content of the material insures against
release into the atmosphere of the device of ingredients
which would adversely affect operation. The high specific
heat of the electrode material enables the electrodes
to absorb substantial heat from the arc for conduction
to the end caps and dissipation therefrom. This con-
duction is facilitated by the high conductivity of the
material. The high thermal conductivity nature of the
material also enhances the heat transfer from the discrete
proirusions to the bodies of the electrode members 5§
and 6. The electrode material preferably has at least
a medium high melting point in order that each of the
discrete protrusions 13 will be adapted for resisting the
high temperature effects of the arc, or, in other words,
the tendency for the arc heat to cause melting and
evaporation of the material of which each protrusion is
formed. In addition, it has been found that the mag-
netic permeability of the lower melting point materials
is important. Higher permeability materials have a tend-
ency to make the arc run easier. A low impurity con-
tent iron has been found particularly effective in afford-
ing all of the above-noted desired properties. Addi-
tionally, this material has been found particularly
adaptable to the above-described process of forming the
myriad of protrusions 13, namely, the blasting of the
active surfaces of the electrodss with abrasive particles.

Control of the diffusion of the arc column so that the
column will be sufficiently contracted to minimize any
tendency toward contacting the tube walls and yet be
of sufficient diameter to make full utilization of the
opposed planar active electrode surfaces is attributable
primarily to the density of the ionizable medium and
the spacing between electrodes in the tube. That is,

ith the active electrode surfaces textured in the manner
described above and illustrated in the drawing and with
the pressure of the ionizable medium and the gap dis-
tance satisfying the above-discussed relationships the arc
runs rapidly over the active surfaces and the column
extends over substantially all of the opposed active sur-
faces without substantial diffusion of the column toward
the envelope wall.

It has been found that when the value of the gas
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8
and the gap distance do not satisfy the desired relation-
ships shown in FIGURE 3, the arc column often con-
stricts or is limited to restiicied areas of the active elec-
trode surfaces, This causes concentrated heating of the
restricted areas of the electrede surfaces and the above-
discussed undesired pitting of the electrode surfaces and
evaporation of the electrode material. Additionally, the
construction of the arc column reduces substantially the
power handling capacity of the device.

On the other hand, it has also been found that when
the desired pressure and distance relationships above-
described are not satisfied the arc column will also some-
times tend to diffuse radially or expand substantially
toward the side walls. As explained above, substantial
radial diffusion tends to cause spurious arcing to the side
walls and changes in the breakdown voltage due to re-
lease of impurities from the walls, and generally neces-
sitates either reducing the size of the electrode surfaces

elative to the diameter of the inner side wall of the
envelope or enlargement of the envelope device to locate
the side walls more remote from the electrode surfaces.

Thus, the present invention, in addition to avoiding
evaporation of the electrode material and all of the
above-mentioned undesirable effects thereof, is adapted
for controlling the cross section of the arc column and
enabling the envelope walls to be brought in closer to
the electrode members for reducing the over-all size of
the tube for any given breakdown voltage and power
handling capacity. Additionally, since the present inven-
tion minimizes outward bowing or diffusion of the arc
column, the diameters of the active surfaces thereon can
be increased, thereby to increase the power handling
capacity of a tube given dimensions.

While a specific arrangement of the invention has been
shown and described it is not desired that the invention
be limited to the particular form shown and described,
and it is intended by the appended claims to cover ail
modifications within the spirit and scope of the invention.

What is claimed as new and desired to be secured by
Letters Patent is:

1. A gap tube comprising an envelope containing an
ionizable medium, a pair of electrode members mounted
in mutually insulated relation in said envelope, said elec-
trode members comprising solid blocks of metal including
opposed active surfaces defining a discharge gap, and the
active surface of at least one of said members comprising
a myriad of integral substantially uniform and closely
spaced protrusions effective for causing rapid movement
of an arc in said gap over substantially the whole area of
said active surface.

2. A gap tube according to claim 1, wherein said
protrusions comprise upstanding portions on said active
surface of approximately 1.0 to 50 mils height.

3. A gap tube according to claim 1, wherein said
electrode members comprise coaxially aligned and axially
spaced solid cylindrical blocks of a metal having a low
impurity content, high specific heat, high magnetic
permeability and at least a medium high melting point
and a medium high thermal conductivity, the opposed
end surfaces of said electrode members comprising sub-
stantially parallel planar active surfaces defining a dis-
charge gap, and said planar active surfaces and the lateral
surface portions of said electrode members contignous
with said planar surfaces are textured to include a myriad
of integral substantially uniform and closely spaced pro-
trusions of approximately 1.0 to 50 mils height.

4. A gap tube comprising an envelope containing an
essentiaily argon atmosphere, a pair of electrode mem-
bers mounted in mutually insulated relation in said
envelope, said electrode members comprising solid blocks
of metal including opposed active surfaces defining a
discharge gap, the active surface of at least one of said
members comprising a myriad of integral substantially
uniform and closely spaced protrusions, and the pressurg
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of said atmosphere and the distance of said gap satis-
fying a predetermined relationship between

P_ p+400_
d—1600 and —a =850

wherein p equals pressure in mm. of Hg and d equals
the distance of said gap in cm., said protrusions being
effective for causing rapid movement of an arc in an
arc column in said gap over substantially the whole of
said active surfaces, and said predetermined relationship
of said pressure and gap distance being effective for
both avoiding constriction of said column to a limited
area of said active surfaces and to minimize the diffusion
of said column toward the walls of said envelope.

5. A gap tube according to claim 4, wherein said
electrode members comprise cylindrical blocks of metal
having a low impurity content, high specific heat, high
magnetic permeability, and. at least a minimum high
melting point and minimum high thermal conductivity,
and said active surfaces and the lateral surfaces of said
electrode members contiguous with said planar areas
being textured to include said myriad of integral sub-
stantially uniform and closely spaced protrusions.

6. A gap tube comprising an envelope including a
cylindrical ceramic insulator, a metal end gap having
the rim thereof sealed to the-outer surface of each end
of said ceramic insulator by a metallic bond, an essen-
tially argon atmospbere contained in said envelope, a
pair of solid cylindrical electrode members of substan-
tially greater mass than said end caps bonded each to
one of said end caps and extending in axially aligned
relation in said insulator, said electrode members com-
prising a low impurity content iron and having axially
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spaced substantially planar parallel active surface areas
defining a discharge gap, said planar active areas and
the lateral surfaces of said electrode members contiguous
with said planar areas being textured to include a myriad
of integral substantially uniform and closely spaced pro-
trusions, said protrusions having heights of approximately
1.0 to 50 mils and bases of generally corresponding dimen-
sions and effective for causing rapid movement of an
arc in an arc column established in said gap upon dis-
charge, whereby said column is caused to extend sub-
stantially the whole of said active areas, and said atmos-
phere and the distance of said gap satisfying a
predetermined relationship between approximately

P _ 1600 and 27490 _g50

d d

wherein p equals pressure in mm. of Hg and d equals
the distance of said gap in cm., which predetermined
relationship is effective for both avoiding constriction of
said column to insure extension thereof substantially the
whole of said active areas and to minimize diffusion of
said column outwardly toward the walls of said envelope.
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