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The present invention relates to a method, apparatus, -

and system for comtrolling the switching times of high
currents, and more particularly to a system for precisely
controlling the conduction time of high amperage cur-
rents during one or more half cycles of line voltage. In
one specific example, the present invention relates to an
improved method and system for firing a mercury pool
discharge tube of the capacitron type.

Heretofore, conventional thyratron tubes were com-
monly used to control precisely the time and duration of
the firing of high current switching devices during each
half cycle of power line voltage. For example, in elec-
tronic control circuits for resistance welding, the welding
transformer is connected to its source through two pool
type mercury vapor tubes, commonly known as ignitrons.
These ignitrons are connected in a well-known circuit to
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fire during alternate half cycles of line voltage and con-

trolled to fire anywhere from a small fraction of a half
cycle up to sixty half cycles depending upon the desired
duration and intensity of the weld. The thyratrons, in
this type of circuit, start conducting when a positive volt-
age is applied to their grids and they continue to fire
during the respective half cycle until the plate voltage
reaches extinction, which is usually in the neighborhood
of ten volts.  The thyratrons are connected to start igni-
tion of the ignitrons when the thyratrons are fired. This
ignition current, though normally of short duration and
low average current, has a peak current value of tens of
amperes. '

However, there are certain disadvantages in using thy-
ratrons for switching high currents. For example, the
life of the cathode of a thyratron tube is finite and it has
limited peak currént availability. It is also necessary to
wait a predetermined period of time for the filament to
heat up before an anode voltage may be applied. More-
“over, it is impractical to install thyratron tubes in the
same mounting cabinet with solid state devices because
the beat of the thyratron conducts throughout the cabi-
net causing the destruction or malfunction of the solid
state devices therein. .

In an attempt to overcome the disadvantage in the use
of thyratron tubes, a circuit substituting silicon controlled
transistor rectifiers therefore is sometimes employed.
However, silicon controlled. rectifiers are vulnerable in
that if the voltage or current is exceeded momentarily,
they fail in a catastrophic manner. This . requires the
installation of expensive protective devices to prevent
such an occurrence. Also, in order to obtain the peak
power requirement, it may be necessary to connect a
plurality of these rectifiers in parallel in the circuit.

Heretofore, it has also been proposed to use gated field
emission rectifier tubes of the mercury pool type, com-
monly known as capacitrons, to control the switching of
the high currents.  These gated field emission rectifiers,
or so-called capacitrons, are comprised of a mercury pool
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cathode and an anode spaced in an evacuated envelope.
The mercury pool forms a meniscus between its circum-
ferential edge and the tube envelope because of the sur-
face tension of the mercury and the non-amalgamating
property of the mercury with the innersurface of ‘the
envelope. A relatively high firing voltage is applied to
a firing band, which is mounted on the external surface

~of the tube envelope opposite the surface of the meniscus

of the mercury pool. This firing voltage initiates.an arc
at the mercury meniscus and causes conduction between
the anode and cathode when the anode is more. positive
than the cathode. Tubes of this type offer definite ad-
vantages over previous devices for the switching of high
currents in that there is no vulnerable cathode to be de-
stroyed and they have unlimited peak current capability.

Heretofore, however, the use of this capacitron type
tube was impractical in that after being in service a rela-
tively short period of time, they would fire inconsistently,
or not at all, and in many instances the glass would craze
and/or collapse. The inherent disadvantages of the ca-
pacitron type tube were caused by glass electrolysis and
by the “wetting” of the innersurface of the tube envelope
with mercury. . This “wetting” would destroy the me-
niscus and prevent the reliable initiation of the arc for
firing the tube. - Previous attempts were made to prevent
rapid deterioration of the tube, which involved subject-
ing the tubes to a painstaking and elaborate treatment
during their construction. :

The United States patent application bearing Ser. No.
122,546 filed July 7, 1961, and assigned to the common
assigriee herein, discloses a method and system for firing
a gated ficld emission rectifier of the capacitron type
which renders the tube practical for controlling the
switching of high currents. The method and system dis-
closed therein includes generally the teaching that a high
voltage firing pulse of sufficient amplitude to fire the tube
consistently, and in the order of one hundred microsec-
onds in duration, may be applied to the envelope of the
tube without the resulting failure common to this type
of tube, and without the necessity of painstaking and
elaborate treatment in its construction. In accordance
with the above teaching, the duration of each firing pulse
is preferably one hundred microseconds, and if it is.ap-
preciably longer than this, the tube becomes “wet” with
mercury after a relatively short period of time and fail-
ure ensues. In this regard two one hundred microsecond
pulses were applied to insure consistent firing in each
half-cycle. ‘ '

The present inventjon is an improvement over the sys-
temn and method disclosed in the aforementioned patent
application bearing Ser. No. 122,546 with regard to the
system and method for firing a gated field emission recti-
fier of the capacitron type.

One of the objects of the present invention is to provide

an improved system for controlling the switching time
of high power requirements.
- Another object of this invention is to provide an im-
proved system and method for operating mercury pool
cathode tubes to prevent “wetting” of the tube envelope
with mercury, thereby retaining the meniscus of the merc-
ury pool.

Another object of the present invention is to provide
an improved method and system for firing a gated field
emission rectifier of the capacitron type, which permits
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the practical use of the tube over a long period of time
without failure or malfunction.

Another object of this invention is to provide an im-
proved high current switching system employing a gated
field emission rectifier of the capacitron type wherein the
rectifier tube is reliable in its operation over long periods
of time, may be simplified in its fabrication, and rela-
tively inexpensive to manufacture.

A still further object of this invention is to provide an
improved method and system for firing an ignitron tube
using a gated field emission rectifier of the capacitron
type, which eliminates the inherent disadvantages of sys-
tems heretofore known.

Other objects, of this invention will become apparent
from the specification, the drawings, and the appended
claims.

In the drawings:

FIG. 1 is a longitudinally sectional view of a tube of
the type adapted to be fired in accordance with the pres-
ent invention;

FIG. 2 is a schematic diagram of the circuitry accord-
ing to one embodiment of the invention using tubes of
the type shown in FIG. 1 to control the firing of ignitrons
in a resistance welding circuit;

FIG. 3 illustrates voltage wave forms in various parts
of the circuits of FIG. 2 during operation thereof; and

FIG. 4 is a magnified illustration of the pulse wave-
form for firing a tube of the type shown in FIG. 1 accord-
ing to the present invention.

Generally speaking, and without intending to limit the
scope of the present invention, tubes of the capacitron
type are renedered reliable and practical by applying to
the firing band of the tube a positive voltage firing pulse
having an attenuated negative swing. The positive por-
tion of the firing pulse must be of sufficient amplitude to
fire the tube. The applied positive high voltage pulse
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period of time. In an attempt to explain this unexpected
result in part, it appears that the negative swing of the
firing pulse, which contributes nothing in causing con-
duction between the mercury pool cathode and the ancde,
promotes harmful glass electrolysis and the liberation of
oxygen in the tube envelope. The liberated oxygen pro-
motes the mercury “wetting.” The positive portion of
the applied pulse liberates sodium in the tube envelope
which does not appear to have an adverse effect on the
operation or life of the tube. Thus, in accordance with
the present invention we have minimized the harmful
electrolysis currents that occur during the negative swing

- of the applied pulse.

One example of a tube of the type adapted to be fired
in accordance with the present invention is shown in FIG.
1 and referred to at 18. The illustrated tube 10, com-
prises a cylindrical glass envelope 12 having generally
hemispherical opposite ends 13 and 14. A cathode con-
ductor 16 extends into the glass envelope 12 through the
end portion 13 and the glass at this end portion is fused

" around the conductor 16 to effectively support it therein
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according to the present embodiment may be anywhere

from five kilovolts to fifteen kilovolts, for example, de-

pending upon the thickness of the glass envelope. The

duration of the firing pulse must be at least one hundred
microseconds and preferably in the neighborhood of two
to three hundred microseconds to insure ionization and
reliable firing. Although the duration of the firing pulse
is not critical in the stated maximum voltage range, the
extension of this time only increases proportionately the
average driving or firing power requirements for the tube.
The negative swing of the firing pulse should be attenu-
ated so that it is below three kilovolts because it appears
that the life of the.tube decreases rapidly when the swing
is above this amount. Although the complete elimina-
tion of the negative swing of the pulse is ideal, in actual
practice it has been found that an attenuated swing up to
three kilovolts does not cause as rapid a decrease in tube
life. A negative swing of one half a kilovolt or below
does not age the tube appreciably. A negative swing
above. one-half kilovolt will eventually deteriorate the
glass after a time which depends upon the amplitude of
the negative swing. For example, test showed that a one
and one-half kilovolt negative swing caused discolora-
tion and puncturing after seventeen hundred fifty hours
of operation at sixty firings per second. In one practical
application of the invention, a positive voltage firing pulse
having a duration in the stated maximum range of two
to three hundred microseconds, an amplitude in the order
of ten kilovolts and a negative voltage swing of substan-
tially seven hundred fifty volts operated the capacitron
tube reliably and without any signs of “wetting” or ap-
proaching its end of life after three thousand hours of
operation.

The firing of capacitron type tubes in accordance with
the method and system of the present invention produces
the unexpected - and unobvious result of minimizing
harmful gloss electrolysis, eliminating destructive “wet-
ting,” and the tubes operate reliably without malfunction,
glass crazing, discoloration or glass rupture over a long
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and seal off the envelope. A pair of spaced conducting
rods 18 are supported by the envelope 12 at the end por-
tion 14 and extend into the envelope 12 for a portion of
their length. The rods 18 are sealed in the portion 14 of
the glass envelope 12 as by fusing, and have upper ends
20 which extend from the envelope 12. The glass en-
velope 12 has a tubular sealed-off extension 21 through
which the envelope is evacuated. The rods 18 have a
bent portion 24 inside the envelope 12 to which an anode
26 is attached.  The anode 26 is preferably tantalum but
may be any metal such as iron or nickel, and where heat
is a factor may be made of carbon. A pool of mercury
28 is contained in the envelope 12 in sufficient quantity so -
when the tube is in its upright position the mercury im-
merses completely that portion of the rod 16 inside the
glass envelope 12.

A sheet metal end cap 30 is affixed over the end portion
‘14, and has a cylindrical portion 32, the outside diameter
of which is substantially equal to the outside diameter.of
envelope 2. Cap 30 has a portion 34 which extends in:
wardly from the cylindrical portion 32 and is bent out-
wardly to provide a central projecting portion 36 of small
diameter. The anode conductors 22 are electrically se-
cured to a top portion 38 of the cap 30. A metallic cap
42 is also positioned over the portion 13 of the glass en-
velope 12 and is similar to the cap 30. The cap 42 has a
cylindrical portion 44 and an inwardly converging por-
tion 46 and a small cylindrical projection 48. The cath-
ode connection 16 is affixed to an end portion 50 of the
cap 42. The caps 30 and 42 are securely attached to the
glass envelope 12 by an adhesive substance 40, which may
be epoxy for example. In operation, the tube 10 is mount-
ed so that the cap 42 is the lower end of the tube and
the cap 39 is the upper end. An external anode connec-
tion is made by connection to the central projecting por-
tion 36 of the cap 3¢ and an external cathode connection
is made by attachment to the projection 48 of the cap 42,
A firing band 52, which may be a compound or a collojdal
suspension that includes carbon particles, such as aquadag
for example, is painted around the glass envelope 12 to
form a ring of material of only moderately good con-.
ductivity. This firing band on the outside of the glass
envelope 12 is in registry with the top surface or meniscus
of the mercury pool 28 which is referred to at 54. The
glass envelope 12 and the firing band 52 is coated with a
silicon grease to prevent the surface resistance of the
envelope 12 from decreasing to a point where the tube
misfires when atmospheric conditions are such that the
relative humidity is over 85%, and then enclosed by a
plastic sleeve 56 which slidably fits over the coated ex-
terior surface of the envelope 12. The sleeve 56 prevents
misfiring of the tube 10 due to dust. and moisture con-
densation or other foreign matter which might collect on
the exterior surface of the envelope 12. The collection of
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this foreign matter tends to provide a leakage path be-
tween the band and the cathode, thus loading down the
circuit with the result that firing ceases.

The sleeve 56 has an opening 58 into which is inserted
a conductor 60 that is-covered by suitable installation 62.
The conductor: 60 is securely attached to be in electrical
contact with the firing band 52.

A circuit according to the present invention employing
capacitron tubes of the type herein described to fire igni-
‘tron tubes for controlling the switching of high currents
is shown schematically in FIG. 2; and is adapted for use
as shown therein-in resistance welding: In resistance
welding circuits the need for accurate control of the aver-
age current and duration of the weld is of paramount im-
portance. The average current in this type of control cir-
cuit is determined by varying the phase of the firing signal
with respect to the line voltage. The duration of the weld
may be controlled by supplying the timed signal for a
predetermined number of half cycles of line voltage in
accordance with the requirements of practice. The cir-
cuits for controlling the times of starting during the half
cycles of line voltage and the duration of the firing through
a predetermined number of half cycles are not shown as
they are well known in the art and form no part of the
present invention. :

Referring to FIG. 2, by numerals of reference, the out-
put from a conventional timing circuit is operatively con-
nected to terminal 7@ and 71 to provide the input control
signal for firing ignitron 72 and 73 at the proper time dur-
ing each respective half cycle of the line voltage. The
input terminal 79 is connected to that portion of the cir-
cuitry which is used to fire the ignitron 72; and the input

" terminal 71 is conmected to that portion of the circuitry
for firing the ignitron 73. The input signals to 70 and 71
are sine waves which are 180° out of phase so that the
ignitrons 72 and 73 fire during alternate half cycles. The
input signals are in a predetermined phase relation with
the line voltage in accordance with the regulation of the
conventional timing circuits to control the average cur-
rent in a welding transformer 75. The line voltage, which
may be anywhere from 220 to 560 volts at sixty cycles,
for example, is adapted to be connected across the termi-
nals 76. - A power source which may be twenty volts
negative and in the order of five watts, for example, is
connected to a terminal 77 for the circuitry associated
with the ignitron 72 and to terminal 78 for the circuitry
associated with the ignitron 73.

The input signal applied to the terminal 70, which is
illustrated by the sine wave 89 of FIG. 3, is rectified
by a diode 81 to eliminate positive going portions of the
waveform 80. The rectified negative half wave appears
across a resistor 82 and series connected diodes 83 and
84 to a ground bus 85. The diodes 83 and 84 are nor-
mal rectifying diodes whose zener characteristics are
utilized to produce clipping. This clipped waveform is

. illustrated at 86 in FIG. 3 and has a peak-to-peak am-
plitude in the illustrated embodiment of the invention in
the order of 1% wvolts.

A capacitor 88 and a resistor 90 form a differentiation
circuit. so that differentiated pulses which are referred
to at' 91 of waveform 92 in FIG. 3 are applied to the
base terminal of a transistor 93 during alternate half
cycles of the sine wave 83. - The transistor 93, which is
a PNP transistor has its base connected to the junction
of the capacitor 88 and the resistor 99. - Its emitter ter-
minal is connected through a resistor 96 to the ground
bus 85. A capacitor 97 is connected in parallel with
the resistor 96 and forms therewith a temperature com-
pensation circuit for the transistor 93 up to one hundred
degrees centigrade. The collector terminal of the tran-
sistor 93 is connected to one side of a primary winding
98 of a coupling transformer 160. The other side of
the primary winding 98 is connected to the terminal 74
‘that has the negative source of D.C. voltage applied
thereto. A diode 103 is connected across the primary
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101 to absorb the negative going inductive energy in the
primary winding 98 when the transistor 93 turns. off.

When the differentiated pulse 91 is applied to the base
terminal of the transistor 93, the transistor 93 conducts
to complete a circuit from the negative potential at the
terminal 77 through the primary winding 98 of the trans-
former 109, the collector terminal and the emitter ter-
minal of the. transistor 93, and the resistor 96 to the
ground bus 85. The positive induced pulse is effected
in the primary winding 28 and a negative induced. pulse
is bypassed by the diode 163. The induced voltage pulse
in the primary winding 98 is amplified and is referred
to at 104 of waveform 105 in FIG. 3. Thus, each time
the transistor ‘93 conducts the lower end of the primary
winding 98 as viewed in FIG. 2 is positive and the up-
per end is negative.

The pulses 184 which also appear across secondary
winding 106 of the transformer 100 when the transistor
93 is turned on have a flat top, which is referred to at
107 in FIG. 3, which indicates saturation of the transis-
tor 93. The secondary winding 106 has its upper end,
as viewed in FIG. 2, connected to the base terminal of
a. PNP transistor 108 and its lower end connected to the
ground bus 85. The emitter terminal of the transistor
108 is connected to one side of a capacitor 110, the other
side of which is connected to the ground bus 85. A
resistor 111 is connected between the emitter terminal
of the transistor 108 and the lower end of the secondary
winding 106 across the capacitor 110. - The collector ter-
minal of the transistor 108 is connected to the upper
end of a primary winding 112 of a transformer 113 as
viewed in FIG. 2. The lower end of the primary wind-
ing 112 is connected to the terminal 74. A resistor 114
is also connected to the lower end of the primary wind-
ing 112 and the emitter terminal of the transistor 108.
The resistors 111 and 114 provide the temperature com-
pensation for the transistor 198 by developing a back
bias which is in the neighborhood of one tenth of a volt.
The capacitor 110 serves to bypass the emitter terminal
of the transistor 108, A diode 115 is connected across
the primary winding 112 of the transformer 113 and
serves-to absorb the inductive energy when the transistor
108 turns off in a manner similar to the diode 103 pre-
viously described.

When the transistor 108 turns on in response to the
application of the pulse induced in the secondary wind-
ing 106 of the transformer 168 a circuit is completed
from the ground bus 85 through the resistor 111, the
emitter and collector terminals of the transistor 108, the
primary winding ‘112 of the transformer 113 and the
negative D.C. potential that. is applied to the terminal
77. The voltage pulse which appears across the primary
winding 112 when the transistor 108 is conducting is re-
ferred to at 117 of the waveform 118 in FIG. 3.

The transformer 113 has a secondary winding 120
which steps up the voltage in the primary winding 112
to approximately ten kilovolts at its peak; and a resistor
121 connected across the secondary winding 120, which
loads up the transformer 113 so that the negative swing
of the ten kilovolt pulse is attenuated to approximately
750 volts, which minimizes the harmful electrolysis cur-
rents in the tube 10. The pulses which are applied to
the firing band of the capacitor tube are referred to at
122 of the waveform 123 of FIG. 3, and in a magnified
form by the waveform of FIG. 4. The upper end of
the secondary winding 126 of the transformer 113 is con-
nected to the wire 60 that is connected to the firing band
52 of the tube 18. The lower end of the secondary wind-
ing 120 is. connected to the cathode connector 16 and
igniter 124 of the ignitron 72.

The circuitry -for operating the ignitron 73 in subse-
quent half cycles is identical to the circuitry for operat-
ing the ignitron 72, previously described, and is com-
prised of a diode 126 to eliminate the positive portions
of the incoming sine wave at the terminal 71, a resistor
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127 and diodes 128 and 130 which clip the rectified sine
wave. It also comprises a capacitor 131 and a resistor
132 for differentiating the signal that is applied to- the
base terminal of a transistor 133. The temperature com-
pensation circuit for the transistor 133 is comprised of
a resistor 134 and a capacitor 135 that are connected in
parallel to the emitter terminal. A coupling transformer
135 is connected in a manner similar to the transformer
100 previously described to provide voltage pulses for
driving a transistor 136. Resistors 137 and 138 pro-
vide the back bias for the transistor 136 which protects
the transistor up to one hundred degrees centigrade. A
transformer 140, which is similar to the transformer 113
previously described, steps up the output from the collec-
tor terminal of the transistor 136 to provide a firing pulse
having a ten kilovolt peak. Diodes 141 and 142 are
connected across the primary windings of the transform-
ers 135 and 148 respectively to absorb the inductive
energy when the transistors 133 and 136 turn off. Ca-
pacitor 143 is a bypass for the emitter terminal of the
transistor 136. A resistor 144 is connected across the
secondary winding of the transformer 140 to load up
the transformer so that the negative swing of the ten
kilovolt position pulse is attenuated to approximately
seven hundred fifty volts to minimize the harmful elec-
trolysis currents during the negative swing,

Tube 18’ is identical to the tube 19 in construction with
the various parts of the tube bearing similar reference
characters of the tube 18. The upper end of the ‘sec-
ondary winding of the transformer 140 is connected to
conductor 68’ which is connected to firing band 52’ of
the capacitron 1¢’. The lower end of the secondary
winding of the transformer 1490 is connected to the cath-
ode 16’ of the capacitron tube 1§’ and igniter 145 of the
ignitron 73. Thus, the application of the high voltage
bursts to the wires 60 and 60’ that are connected to the
firing bands 52 and 52’ of the tubes 10 and 10’ respec-
tively occur in adjacent half cycles of the line voltage as
controlled by the timing signal connected to the terminals
70 and 71 so that the tubes 1¢ and 10’ are alternately
fired during each cycle of line voltage. The ignitrons
72 and 73 are fired during alternate half cycles of line
voltage that is applied across the terminals 76 only dur-
ing those times when the tubes 10 and 19’ are conducting.

The anode 26 of the tube 10 is connected to one ter-
minal 76 connected to the line voltage and anode 26’
of the tube 10’ is connected to the other terminal 76
through primary winding 146 of the welding trans-
former 75. The ignitron 72 has an anode 147 which is
connected to one of the terminals 76 in common with
cathode 148 of the ignitron 73. The ignitron 73 has
an anode 150 which is connected to the other terminal
76 of the line source through the primary winding 146
of the welding transformer 75 and is also connected
directly to cathode 151 of the ignitron 72. Because the
tubes 10 and 10’ fire only by the application of positive
pulses applied to the wire 60 and 60, and the tubes 10
and 10’ will fire only when their anode is positive with
respect to their cathode, it is apparent that in alternate
half cycles they will complete a circuit to fire the ignitrons
72 and 73 respectively. When the tube 10 fires, a circuit
is completed which extends from one terminal 76 of the
line voltage through the anode 26, the cathode connection
16, and the firing electrode 124 of the ignitron tube 72.
Similarly, when the tube 10’ fires, a circuit is completed
from the other terminal 76 through the winding 146 of
the transformer 75, the anode 26’ and the cathode con-
nection 16’ to the firing electrode 145 of the ignitron 73.

When the ignitron 72 fires during one half cycle a
circuit is completed for the line voltage 76 through the
primary winding 146 of the transformer 7§ to cause
current to flow through-the primary winding for the re-
mainder of the half cycle in which the ignitron 72 is
fired. When the ignitron 73 fires a circuit is completed
for the line voltage through the primary winding 146
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during the next half cycle of the line voltage. Secondary
winding 153 of the transformer 75 is counnected to the
resistance welding apparatus in a well known manner as
represented diagrammatically by points 154.

An improved circuit has been shown and described in
accordance with one embodiment of the invention which
employs capacitron type tubes for firing ignitrons, how-
ever, it is understood that other circuits and systems may
be employed for the application and the firing of tubes
of the capacitron type. For example, a special type
pulse transformer may be used which is comprised of a
low voltage primary winding that is keyed by a transistor,
a high voltage step-up winding, and a tertiary D.C. core
setting winding. Another system might be employed
utilizing the principle of applying a mechanical stress
to certain crystals and ceramics to obtain the high volt-
age pulse. Control of these pulses may be accomplished
by a synchronous motor-cam arrangement whereby timed
pressure is applied to the crystal and the negative voltage
excursion is limited by the cam configuration. Also, an
arrangement similar to an automobile distributor may
be utilized whereby the rotor has a positive high voltage
applied to it and the stator contacts are paralleled and
attached to the firing band. The rotor may be driven
by a synchronous motor. Moreover, low cost high volt-
age triode tubes may be used as series switches to gate
high voltage D.C. or high voltage radio frequency to the
annular firing band of the capacitron. The positive high
voltage D.C. or A.C. is connected to the anode of the
triode, and the cathode is connected to the firing band.
The grid of the triode is biased so as to keep the triode
tube cut off. When a positive pulse is applied to the
grid of the triode tube it conducts and applies a high
voltage potential to the capacitron firing band. In the
case where alternating current is applied to the anode of
the triode, rectification occurs and only positive going
pulses are effective at the firing band of the capacitron.
Also, other circuits may be employed using the trans-
former damping principle and a three-winding trans-
former. .

With reference to FIG. 4, the base of the applied
positive ten kilovolt pulses according to the present em-
bodiment of the invention are in the order of three
hundred microseconds and present a wavefront so that
the width of the pulse is approximately two hundred
microseconds at the five kilovolt range and one hundred
microseconds at the seven kilovolt range, which provides
consistent firing. The negative swing is in the order of
seven hundred fifty volts, which value is well within the
range for effectively minimizing the harmful effects of
electrolysis currents caused by a negative voltage.

Although, one type of capacitron tube is shown and
described herein as being adapted to be fired in accord-
ance with the present invention, it is understood that
tubes of this type having various other constructions and
configurations may be used.

The tubes which were fired in accordance with this
embodiment of the convention had a conventional stand-
ard glass envelope anywhere from thirty thousandths of
an inch to seventy thousandths of an inch thick which
required from five to ten kilovolts to fire. A thicker
glass envelope would require a greater positive potential
and a thin glass envelope a lesser positive potential. The
negative swing of the pulse, however, which produces the
harmful glass electrolysis currents, must be below three
kilovolts in any event because the glass electrolysis rises
exponentially above this point which causes the tube to
fail in a few hours. Although ordinary glass may be
used, it is understood that other types of glasses, such as
ceramic, low sodium oxide, or quartz may also be em-
ployed as the tube envelope.

Although the circuitry illustrated and described em-
ploys the capacitron type tubes for firing ignitrons, it
is intended that they may be used to replace the ignitrons
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as the main current switch as long as the mercury vapor:

pressure is maintained below the critical value for the
desired anode-cathode voltage, by limiting the maximum
condensed mercury temperature. The capacitron tube
when used in the circuitry illustrated and described op-
erates a few degrees higher than the temperature of its
environment, However, if the tube is to be operated
in excess of ninety degrees centigrade, external cooling
should be provided.

The illustrated embodiment of the invention provides

a novel and workable control circuit for resistance weld- -

ing that overcomes those disadvantages of previous -con-
trol circuits, however, it is understood that the present
invention may be utilized wherever high peak current
applications are involved. For example, such as in the
controlled releasing of stored energy, i.e., firing capaci-
tors, or as X-ray contactors.

Having described a method of firing the capacitron type
tubes and a circuit for firing capacitron type tubes where-
in the capacitron type tubes are utilized to fire ignitron
type tubes, it is understood that various modifications,
adaptations and alternations may be used without depart-
ing from the spirit or scope of the present invention.

‘What we claim is: :

1. A system for controlling the conduction of capacitron
type tubes having an anode and a mercury pool cathode
and a firing band on an outer surface of said tube envelope,
comprising means for connecting an' A.C. voltage to said
anode and cathode during one portion of each cycle of
said A.C. voltage, means effective to receive an ‘A.C.
voltage firing signal in predetermined phase relation to
said A.C. voltage connected to the anode and cathode,
means effective to amplify said ‘A.C. firing signal to have
an amplitude sufficient to cause conduction between said
anode and cathode when said anode is positive .with re-

spect to said cathode, means effective to limit said firing.

signal during a respective half cycle to have only a dura-
tion in the order sufficient to cause reliable conduction,
means effective to attenuate the negative portion of said
firing signal to an amplitude substantially less than the
lositive portion to minimize harmful effects in the tube
when the tube is conducting, and means electrically con-
necting operatively said amplifying and limiting and at-
tenuating means to said firing band to apply the firing
signal to said firing-band to fire said tube at that portion
of said half cycle as governed by the phase of said A.C.
firing signal.

2. A system according to ‘claim 1 wherein said ampli-
fying means is effective to amplify said firing signal to
have a positive portion in excess of five kilovolts.

3. A system according to claim 1 wherein said limiting
means is effective to limit the amplified signal to have a
duration in the order of not greater than three hundred
microseconds at its base.

4. A system according to claim 1 wherein said attenuat-
ing means is effective to attenuate the megative portion
of said signal to less than three kilovolts.

5. A system for controlling the switching times of
currents during each half cycle of an A.C. voltage, com-
prising a .pair of capacitron type tubes each having an
anode and a mercury pool cathode in a respective tube
envelope and a firing band on an outer surface of the
tube envelope, means for connecting the cathodes and
anodes of each of said tubes to said A.C. voltage to cause
the anode of each tube to be positive with respect to its
cathode during alternate half cycles of said A.C. voltage,
circuit means effective to receive a pair of A.C. input
signals in predetermined phase relation to said A.C. volt-
age and phased 180° from each other, means effective
to rectify one polarity of each of said input signals to
have an input signal of the same polarity during each
half cycle, means connected to said rectifying means ef-
fective to differentiate each of said rectified signals, means
operatively connected to said differentiating means ef-
fective to amplify said signal to have a voltage of suf-
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‘ficient amplitude to cause conduction of each of said

tubes, means including said amplifying and differentiating
means effective to limit the duration of each input signal
to-an amount sufficient o ionize the mercury in each of
said tubes, means operatively connected electrically to
said amplifying means to contro] said amplified signal in
the negative direction so that the negative portion of each
signal is of an amplitude less than a predetermined value
to prevent wetting of the inner surface of the tube en-
velope, and means effective to connect each of said am-
plified signals to a respective firing band of each tube to
cause each tube to fire during alternate half cycles at a
predetermined time during said half cycles as governed
by the phase relationship between said input signals and
said A.C. voltage.

6. A system for controlling the sthchmg times of cur- -
rents during each half cycle of an A.C. voltage, compris-
ing a pair of ignitrons operatively connected electrically
to said A.C. voltage to cause conduction there through
when each of said ignitrons is fired, a pair of capacitron
type tubes each having an anode and a mercury pool
cathode and a firing band, means connecting the anode
and cathode of each of said capacitron tubes to a respec-
tive ignitron and said A.C. voltage to fire its respective
ignitron when said capacitron tube is conducting, cir-
cuit means adapted to receive a pair of A.C. input sig-
nals in predetermined phase relation to said A.C. voltage
and phased 180° from each other, means effective to am-
plify each of said input signals to have an amplitude suf-
ficient to fire a respective one of said capacitron tubes
during alternaté half cycles of said A.C. voltage, means
effective to limit the duration of each of said input signals
to have a width in excess of one hundred microseconds at
the firing range, means effective to attenuate the nega-
tive portion of each of said signals to have an amplitude
of less than three kilovolts, and means effective to con-
nect said amplifying and limiting and attenuating means
to the firing band of each of said capacitron tubes to cause
said capacitron tubes to fire during alternate half cycles
of A.C. voltage at a time during each said half cycle as
governed by. the phase relation of said pair of input sig-
nals to said A.C. voltage.

7. A method of operating a discharge tube during alter-
nate half cycles of an alternating voltage, said discharge
tube having elements including an anode and a mercury
pool cathode contained in an envelope and a firing band
positioned so that the wall of the envelope is between the
meniscus of the mercury pool and the band, said alternat-
ing voltage Xbeing applied to the anode and cathode so
that the anode is positive with respect to the cathode dur-
ing alternate half cycles, comprising generating firing voit-
age pulses each having a duration substantjally less than
each of said alternate half cycles but of sufficient duration
and positive amplitude to cduse conduction between the
anode and cathode during said alternate half cycles when

~ applied to the firing band, reducing the amplitude of any
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negative portion of said firing voltage to less than three
kilovolts, and applying one of said firing voltage pulses
to the band at selected times during each said alternate
half cycles so that the positive portion of eéach firing pulse
cauises conduction during the remainder of each said alter-
nate half cycle, said negative portion of each pulse being
of insufficient amplitude  to harm the tube elements dur-
ing conduction of the tube.

8. A method according to claim 7 wherein the envelope
of the tube is glass.

9. A method according to claim 7 wherein the nega-
tive portion of each firing voltage pulse is reduced in
amplitude to less than 1,000 volts.

10. A method according to claim 7 wherein the nega-
tive portion of each firing voltage pulse is substantially
eliminated.

11. A method according to claim 7 wherein the posi-
tive portion of each firing pulse is in excess of five kilo-
volts in amplitude.
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12. A method according to claim 11 wherein the dura-
tion of the positive portion of each voltage pulse is greater
than 100 microseconds.

13. A method of causing conduction between the anode
and the mercury pool cathode contained in a glass enve-
lope wherein the anode is spaced above the surface of the
mercury pool in the envelope, comprising applying a coat-
ing of carbon particles around the outside of the envelope
adjacent the meniscus of the mercury pool, applying an

alternating voltage to the anode and the cathode so that 39

the anode is made positive with respect to the cathode
during alternate half cycles thereof, generating firing volt-
age pulses each having sufficient amplitude to cause con-
duction between the cathode and the anode during said
alternate half cycles when applied to the coating, reducing
said negative portion of each firing voltage to less than
three kilovolts, and applying each of said voltage pulses

12

to the carbon coating at selected times during each said
alternate half cycles.
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