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The present invention relates to electric sys-
tems, and more particularly to condenser-charg-
ing-and-dischargihg systems.

A system now in common use for flash-pro-
ducing and similar purposes comprises a con-
denser charged from a source of direct-current
energy and the charge of which is thereupon
dissipated in a discharge circuit comprising a
gaseous-discharge device, like a flash-lamp. The
resulting flash may, for example, be used In
flash-photography.

1t is frequently desired, however, in order to
obtain improved lighting effects, to fiash the ob-
ject. to be photographed from several directions
st one and the same time. This, of course, re-
quires & plurality of flash-lamps. When it is
attempted to connect two or more such gaseous-
parallel to the condenser,
that the condenser will dis-
them, the other or

however, it isifound

others remaining - .
1t.is accordingly an object of the present in-
vention to provide for discharging the condenser
simultaneously through a plurality of discharge
devices connected in parallel to the condenser.

As study has disclosed that the reason for the
faiture of the condenser to discharge through
more thansone parallelly connected gaseous-dis-
relatively low resistance of
: , a further object
4s.to provide an electric system of the sbove-
described character in which the parallelly con-
nected gaseous-discharge devices have resistances
sufficlently high to enable the voltage from the
charged condenser to become stored up in each
discharge circuit long enough to enable it to
operate also on the other dischargeé circuits.
When the condenser discharges through one of
the gaseous-discharge devices, therefore, it will
discharge also through the other gaseous-dis-
charge. devices, It is found that gaseous-dis-
charge devices having positive voltage-current
characteristic curves have sufficiently high re-
sistance for the purpose in hand.

With these énds in view, & feature of the in-
vention resides in connecting a single condenser
through s single impedance to & source of direct-
current energy to charge the condenser from
the source, and connecting the condenser to a
plurality of discharge devices of the above-de-
scribed character, so as to effect discharge of
the condenser simultaneously through the dis-
charge devices. The discharge circults are thus
connected in parallel to the same single con-
denser, without any separating impedances.
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Other and further objects will be explained
hereinafter and will be particularly pointed out
in the appended clalms.

The invention will now be Gescribed in connec-
tion with the accompanying drawing, in which
Pig. 1 is a longitudinal section of & preferred
gaseous-discharge device & plurality of which
may be connected in parallel across a discharge
condenser in accordance with the present inven-
tion; Fig. 2 Is a transverse section taken upon
the line 2—2 of Fig. 1, looking in the direction
of the arrows; Fig. 3 is a voltage-current char-
acteristic curve of the gaseous-discharge device
{llustrated in Figs. 1 and 2; and Fig. 4 is a dia-
grammatic view of circuits and apparatus em-
bodying the present invention. ‘

The lower portion of the curve of Fig. 3 from
the point B to the point C represents & positive
voltage-current characteristic, such as may be
obtained in a cathode-ray oscillograph with &
gaseous-discharge device 18 such as shown in
Figs. 1 and 2. The axis of abscissae represents
current, 1, and the axis of ordinates, voltage, E.
Initially, at zero current, the voltage across the
anode 1 and the cathode 9 of the gaseous-dis-
charge flash-lamp device I8 may be about 2000
volts, as represented by the ordinate of the point
A. When the hereinafter-described trip circuit
is energized to effect a discharge of a condenser
t1 through the gaseous-discharge device 18, be-
tween the cathode T and the anode 9, the volt-
ampere characteristic progresses very rapidly
along the upper portion of the curve of Fig. 3,
from the point A to the point B, until the cur-
rent, at the point B, attains a maximum value
of about 500 amperes. Thereafter the current
through the tube (8 drops, as indicated by the
lower portion of the curve of Fig. 3, from the
point B to the point C, until the current again
drops to zero, as represented by the point C. At
this time, the voltage, as shown by the ordinate
of the point C,in Fig. 3 Is relatively small, com-
pared to the voltage represented by the ordinate
of the point A. Depending upon the tube I8
and clrcuit conditions, this final voltage, rep-
resented by the ordinate of the point C, may even
be negative. The upper portion of this charac-
teristic, between the points A and B, is shown
constituted of long dashes, and the lower part,
between the points B and C, of short dashes.
If these dashes, long and short, respectively, be
regarded as representing time intervals of corre-
sponding duration, the upper portion AB of the
curve will be seen to be traversed in about one-
third the time that the lower portion BC of the .
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curve is traversed. Usually, the time required
for the traverse of the portion A to B the curve
Is less than one-tenth of that for the portion
BtoC.

The resistance of the device 1§ may he definedq
as the ratio of the voltage across its cathode 1
and its anode 8 at the time when the current s
of a maximum value. From the curve of Fig. 3,
it appears that the voltage is about 1500 at the
time, represented by the point B, when the cur-
rent has its maximum value of about 500, The
resistance of the device 18, therefore, i approxi-
mately 3 ohms.

The positive-resistance characteristic, from the
point B to the point C, is such that sufficient
voltage remains acrosg the hereinafter-described
circuit, at the point B, so that other tubes 19
and 20, etc,, in parallel with the tube 18, will have
sufficient voltage across them to become ionized,
even if the first tube 18 should start a few micro-
seconds before the others, If the tubes have short
lengths, with large cross sections, at low gas pres-
sure, the point B on their characteristic will be
reached quickly, and it will have 50 low a value
that parallel-connected tubes wil] not flash, even
if jonized by the herein-described starter elec-
trode {1, The minimum value of the voltage cor-
responding tn the point B for parallel operation
is found to be in the range of voltage from 200
to 500 volts.

Higher-resistance gaseous-discharge devices
18 are particularly useful for connecting into par-
allel with the condenser 11, as hereinafter ge-
scribed. Lower-resistance gaseous-discharge de-
vices, having characteristics the upper portions
AB of which are steeper than illustrated in Fig. 3,
cannot be employed in this way.

The gaseous-discharge device (8 may be of the
type disclosed in Letters Patent 2,277,698, granted
March 31, 1942, to Kenneth J. Germeshausen, or
an application of the said Germeshausen, Serial
No. 418,403, filed November 8, 1941. It 1s shown
disposed within an elongated, Hght-permeable
glass-bulb protective jacket or envelope 28, which
is shown mounted in a reflector 25, It may con-
tain krypton, xenon or any other suitable gas.
The glass bulb 28 is cemented to a flat insulat-
ing base plug 94, provided with three plug-in pin
terminals 6, 12 and (4 for connecting the gaseous-
discharge device (8 into circuit. Other gaseous-
discharge devices may, of course, also be em-
ployed in accordance with the present invention.

The gaseous-discharge device 1§ is shown heli-
cally coiled, and provided at one end of the helix
with a return center leg at the end of which the
cathode 7 is mounted, the anode 9§ being dis-
posed at the other end of the helix. The cath-
ode 7 and the anode 9 are respectively connected
to the pin terminalg § and 12, One end of the
before-mentioned starter electrode 17, shown as
a high-voltage spark trigger-wire or trip-wire
flashing electrode, is connected to the plug-in
terminal 14, and at its other end is mounted over
a plurality of the colls or turns of the helical-
tube gaseous-discharge device I8,

One side of the condenser I{ is shown con-
nected by conductors 8 and 31 to the terminal
pin 2. A grounded terminal 1§ at the other
side of the condenser is shown connected by con-
ductors 27 and 32 to the terminal pin 6. The
gaseous-discharge device 18 is thus connected
aeross the condenser i1,

The condenser || may be discharged, as here-
inafter more fully explained, by means of a trig-
gering circuit comprising & normally ineffective,
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because non-conducting, gaseous-discharge trig-
ger tube I. The trigger tube | 1s shown con-
nected to terminals 1§ and {3 across an imped-
ance 81, j{llustrated as a bleeder resistor, 80 as to
be supplied with voltage therefrom. The bleeder
resistor is connected in series with a bleeder re-
sistor 82 across the condenser ff, which thus, by
supplying energy to the bleeder resistor 81, con-
Stitutes the main power supply for the tube 1. .

The tube | may, if desired, be of the cold-
cathode gaseous-discharge type illustrated and
described in Letters Patent 2,185,189, 2,201,16¢
and 2,201,167, issued to Kenneth J. Germes-
hausen, on January 2, 1840, and May 21, 1940,
It may comprise an evacuated glass envelope con-
taining several electrodes, namely, a solid cath-
ode 2, an anode or plate 5, and one or more grids,
inner and outer grids being shown at 3 and 4,
between the anode b and the cathode 2. As ex-
plained in the said Letters Patent, the gource of
the electrons is a bright cathode spot on the
surface of the cathode 2. Part of the impedance
81 is shown connected between the cathode 2 and
the grid 4, and a further impedance (not shown)
may, if desired, be connected between the cath-
ode 2 and the grid 3.

A trigger-discharge circuit for a tripping con-
denser 41 is glso connected to the terminals (3
and 15, in parallel with the tube {. One side of
the condenser 4{ is connected in this discharge
circuit to the terminal (3. The other side of the
condenser 41 is connected, by way of a conductor
81, to the primary winding 74 of a tripping trans-
former 36 and, by way of conductors 32 and 2T,
to the terminal 15. The condenser 4i is thus
connected in this discharge circuit in serles with
this primary winding 78. One side of the sec-
ondary winding 38 'of the transformer 36 is
grounded to the terminal {5 by way of the con-
ductors 32 and 21, The other side of the sec-
ondary winding 38 is connected through the ter-
minal 14 to the trip electrode 11. A return path
is afforded by capacity coupling of the trip-wire
electrode 11 to the flash-lamp 18. The discharge
circult of the condenser 41 thus contains the
gaseous-discharge device 18 and the secondary
winding 38, which operates as an induction cofl,

The condenser {1 may be supplied with direct-
current energy from any desired source, such gs
a battery. If a suitable source of alternating
current, such as the ordinary 110 volt, 60-cycle
house mains is available, however, the condenser
{1 may be connected thereto by plugging at 11.
The plug Tt is connected by Input wires 718 to a
Jack 1716, which is connected by conductors 133
and (37 to the primary winding 16 of a trans-
formier 45. ‘The secondary winding 48 of the
transformer 45 is connected to the condenser {{
through a rectifier 12. The rectifier 12 may also
be supplied with energy from this alternating-
current source, To this end, its cathode 79 may
be connected, by conductors 117 and 123, in cir-
cuit with a winding 83 that may constitute a
turther secondary winding for the primary wind-
ing 15 of the transformer 45. .

A charging impedance, which may be consti-
tuted of resistance, or inductance, or both, may ‘
be connected in circuit between the condenser {1
and the secondary winding 49. This is not illus-
trated, because not needed if the secondary wind-
ing 49 has a high Impedance, for it may then
perform, also, the current-limiting function of
8 separate charging resistor or other impedance,

In this manner not only the condenser i, bug,
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also.thecondenserllbe’eomuchsrzedfromtha
same direct-current source 48, 12,

The tube | may be triggered, to initiate the
discharge of the condenser |{ through the gase-
. ous-discharge device, in any desired way, as by

means of a manually controlled switch, but an
automatically operated switch B{ is shown con-
nected across the anode or plate § and the grid 4
of the tube . The connections may be traced
from the grid 4, through a blocking condenser
(1} andsleakreslstorﬂ.lnwallel.bymyot
a conductor 84, through the automatically oper-
ating switch 81 and, by way of & conductor 98,
to the anode §.

At any time after the direct-current source 48,
12 charges the condenser {1 to its maximum value,
upon the closing of the automatically operating
switch 8i, the potential of the grid & will become
raised until the break-down voltage between the
grid 4 and the cathode 2, or the grid 4 and the
grid 3, is exceeded. The normally ineffective

trigger tube | thereupon becomes effective by

being rendered conducting. Current then flows
through the trigger tube |, causing the condenser
41, which had become charged from the direct-
current source &8, 12 simultaneously with the
charging of the condenser 1{,to discharge through
its before-described trigger-condenser-discharge
circuit comprising the primary winding 14 of the
transformer 36. A resulting voltage-surge pulse
of the secondary winding 38 of the transformer
38 becomes thus Impressed upon the trigger elec-
trode 11 of the gaseous-discharge tube (8. This
causes the gas in the gaseous-discharge tube 18 to
fonize, producing a conducting path through the
device I8, and permitting the condenser i1 to
discharge therethrough. The resulting high-
voltage triggering spark through the flash-lamp
18 will yield a very brilliant exposure fiash of
extremely short duration. As the time taken for
the trigger tube { to trip the gaseous-discharge
device 18, between the closing of the switch 81 and
the flash of light from the device 18, is very brief,
it is pogsible to produce this very brilliant flash
of light for a very brief period of time. When the
condenser #1 is fully discharged, the gaseous-
discharge device I8 extinguishes, and the cycle
is ready for repetition.:

The duration of the flash is nearly exponentinl
in nature, and has a time constant approximately
equal to the product
sistance of the tube I8, if only one tube is used.
If two similar flash tubes are used in parallel,
the effective resistance is approximately half of
that of one lamp §8. The resulting fiash is half
as long, but also contains half as much light from
each tube. The total light is the same for both
one or two tubes. If the lamps 18, (8, etc, have
different resistances, the output and the duration
of each are calculated approximately as though
the lamps were resistors, using Ohm's law. The
above methods are applicable only when the
energy per flash is enough thermally to fonize the
gas in the lamps. For the example shown, the
tube may have dimensions as follows:

Inside diameter=6 mm.

Length between electrodes 71 and 9==15 inches.

Gas=xenon-krypton mixture at 7 cm. pressure
(Hg). )

The minimum capacity (at 2000 volts) for the

_ condition of - approximately constant resistance
is about 5 or 10 microfarads.

According to the present invention a plurality
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of which are shown at I8 and 28, may be con-
nected across the condenser 1l in parallel with
the gaseous-discharge device 8. The pin ter-
minals 12 of the gaseous-cischarge devices {8 and
26 are shown connected to one side of the con-
denser i, in parallel with the corresponding pin
terminal 12 of the gaseous-discharge device 18,
by conductors § and 28. The pin terminal 12 of
the gaseous-discharge device 19 is shown connect-
ed to the conductor 28 by a conductor 44, and the
pin terminal 12 of the device 20 by a conductor Bi.

The terminals 8 of the gaseous-discharge de-
vices 19 and 20 may, similarly, be connected, In
paralle]l with the corresponding terminal § of the
gaseous-discharge device 18, to the grounded ter-
minal 8 at the other side of the condenser .
The connections may be traced from the grounded
terminal 18, by way of conductors 27 and 1§, to a
conductor 48 leading to the pin terminal § of the
gaseous-discharge device 19 and & conductor 62
leading to the pin terminal & of the gaseous-
discharge device 28. ‘

" Separate, tripping condensers 42 and 43, corre- -
sponding to the condenser 41, and separate trip-
ping transformers 48 and 88, corresponding to the
transformer 36, are provided for the gaseous-dis-
charge devices {9 and 20. The condenser 42 and
the primary winding 47 of the transformer 4§, and
the condenser 43 and the primary winding 54
of the transformer 5§, are respectively series-con-
nected in tripping condenser-discharge circuits,
in parallel with the condenser 41 and the primary
winding 14 of the transformer 36. The tripping
condenser-discharge circuit for the gaseous-dis-
charge device 18 may be traced from the terminal
13, through the condenser 42, by way of 8 con=
ductor 82, through the primery winding 47 of the
transformer 46, and by way of conductors 40, (6
and 21, to the grounded terminal 18. The trip-
ping condenser-discharge circuit for the gaseous-
discharge device 20 may be traced from the ter-
mina] 13, through the condenser 43, by way of a
conductor 83, through the primary winding 54
of the transformer 86, and by way of conductors
§2, 18 and 2T, to the terminal I8.

The secondary winding 48 of the transformer
46 is connected to the pin terminal 4 of the
gaseous-discharge device 1§ and the grounded
terminal 1§ by way of the conductors 40, 16 and
21, and the secondary winding 88 of the trans-
former 58 is connected to the pin terminal i of
the gaseous-discharge device 28 and the grounded
terminal {§ by way of conductors 82, 18 and 21,
in & manner similar to the connection of the
secondary winding 38 of the transformer 38 to the
terminal 14 of the gaseous-discharge device {8
and the grounded terminal 1§,

By reason of the fact that the resistances of
the gaseous-discharge devices (8, 18 and 20 are
sufficiently high, as depicted by the characteristic
curve of ¥ig. 3, a discharge of the condenser it
will take piace through not one only of the gase-
ous-discharge devices 18, {9 and 20, but simul-
taneously through all three of them. The total
amount of energy discharged by the condenser
{1 into these three gaseous-discharge devices I8,
19 and 28 is, of course, approximately the same
as that which would be discharged through a sin-
gle gaseous-discharge device, if no more than
a single gaseous-discharge device were connected
to the condenser {1, The energy discharged by
the condenser |1 is the same, whether dissipated
in one gaseous-discharge device or many.

It is frequently desirable, however, as before

of additional gaseous-discharge lamp devices, two 75 stpted, to discharge the energy of the condenser
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i1 simultaneously through a plurality of gaseous-
discharge devices {8, 1§ and 20. In flash pho-
tography, for example, it is frequently desired to
employ & number of flash-lamps 8, i1 and 20
disposed in different regions of the room 30 as to
focus light upon the object to be photographed
from different directions. According to the pres-
ent invention this may be effected by connecting
in parallel io the condenser {{, as fllustrated, a
plurality of flash-lampe (8, 18 and 28, each hav-
ing a positive voltage-current characteristic, as
fllustrated in Fig. 8, and providing only a single
current-Hmiting impedance for the condenser f1,
which may be embodied in the secondary winding
49, or which may be constituted of a separate
charging resistor or other impedance (not shown)
connected between the secondary winding 49 and
the condenser 11. If the voltage across the con-
denser I supplied by the secondary winding 49
and the rectifier 12 is, say, 2000 volts, the maxi-
mum current supplied by the condenser | may
be in the neighborhood of 500 amperes, as {llus-
trated in Fig. 3, and the resistors §{ and 82 may
be so proportioned that a desired voltage of, say,
300 volts shall appear across the terminals {3 and
15 of the resistor 8.

Modifications will occur to persons skilled In
the art and all such are considered to fall within
ihe scope and spirit of the invention,

What 1s claimed is:

1. An electric system having, in combination,
& condenser, means for charging the condenser,
& plurality of gaseous-discharge devices, means
for connecting the gaseous-discharge devices in
parallel to the condenser, a plurality of trigger-
ing circuits, one connected to each of the gase-
ous-discharge devices, and means for simultane-
ously triggering the triggering eireuits to effect
a discharge of the condenser simultaneously
through the gaseous-discharge devices, i

2. An electric system having, in combination, ia
condenser, means for charging the condenser, a
plurality of discharge circuits each having a gas-
eous-discharge device, means for connecting the
discharge circuits in parallel to the condenser,
8 plurality of triggering circuits, one conneected
to each of the gaseous-discharge devices, a fur-
ther discharge device, and means controlled by
the further discharge device for controlling the
triggering circuits to effect a discharge of the
condenser through the gaseous-discharge devices,
the gaseous-discharge devices having resistances
sufficiently high so that when the condenser dis-
charges through one of the gaseo -discharge de-
vices it shall discharge simultaneously through
the other gaseous-discharge device.

3. An electric system having, in combination,
a condenser, & plurality of discharge circuits each
having a gaseous-discharge device having a posi-
tive voltage-current characteristic curve, means
for connecting the discharge circuits in paralle}
to the condenser, and 8 breaker circuit
fecting a discharge of the condenser through the
gaseous-discharge devices, the breaker circuit
having a breaker contact member and a con-
denser connected in series therewith.

4. An electric system having, in combination,
iwo terminals that may be connected to a source
of energy, & condenser that -may be connected to
the two terminals so as to become charged from
the source, a plurality of discharge circuits each
connected to the terminals and each having a
gaseous-discharge device provided with a cath-
ode and an anode respectively connected to the
two terminals and a contral electrode, a trigger

for ef-
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circult connected between the cathode and the
control electrode of each discharge device, and
means for shnultaneously triggering the trigger
circuits to effect simuiltaneous discharge of the
condenser into the discharge circuits,

5. An electric system having, in combination,
a condenser, an impedance, means for connecting
the condenser to a source of direct-current energy
through the impedance to charge the condenser,
& plurality of discharge circuits each having a
gaseous-discharge device, means for connecting
the discharge circuits in paralle] to the condenser
without substantial separating impedance be-
tween the parallelly connected discharge circuits
and the condenser, and means for effecting a dis-
charge of the condenser simultaneously into the
discharge circuits. .

6. An electric system having, in combination,
8 condenser, an impedance, meang for connecting
the condenser to a source of direct-current energy
through the impedance to charge the condenser,
& pluarlity of gaseous-discharge devices, means
for connecting the gaseous-discharge devices to
the condenser without substantial separating im-
pedance between the gaseous-discharge devices
and the condenser, and means for effecting a dis-
charge of the condenser through the gaseous-
discharge devices, the impedances of the gaseous-
discharge devices being sufficiently high so that
when the condenser discharges through one of
the gaseous-discharge devices it shall discharge
simultaneously through the other gaseous-dis-
charge device or devices.

7. An electric system having, in combination,
a condenser, an impedance, means for connect-
ing the condenser to a source of direct-current
enetgy through the impedance to charge-the con-
deniser, a plurality of gaseous-discharge devices,

.means for connecting the gaseous-discharge de-

vices directly in parallel to the condenser with-
out substantial separating impedance between
the gaseous-discharge devices and the condenser,
triggering means, and means for triggering the
triggering means to effect a discharge of the con-
denser simultaneously through the gaseous-dis-
charge devices.

8. An electric system having, in combination,

8 condenser, means for charging the condenser,
a plurality of gaseous-discharge devices, means for
connecting the gaseous-discharge devices directly
in parallel to the condenser without substantial
separating impedance between the gaseous-dis-
charge devices and the condenser, and means
for effecting a discharge of the condenser through
the gaseous-discharge devices, the impedances
of the gaseous-discharge devices being sufficiently
high so that when the condenser discharges
through one of the gaseous-discharge devices it
shall discharge simultaneously through the other
gaseous-discharge device or devices, )
" 9. An electric system having, in combination,
& condenser, means for charging the ‘condenser,
8 plurality of gaseous-discharge devices each
having a positive voltage-current characteristic
curve, and means for connecting the gaseoug-
discharge devices directly in parallel to the con-
denser without substantial separating impedance
between the gaseous-discharge devices and the
condenser, and means for effecting a discharge
of the condenser through the gaseous-discharge
devices.

10. An electric system having, in combination,
& condenser, means for charging the condenser,
a plurality of discharge circuits each having a
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gaseous-discharge device, a plurality of tripping
transformers, one for each discharge device,
means for connecting each transformer to the
corresponding discharge device, and means for
simultaneously tripping the transformers to dis-
charge the condenser into the discharge circuits.

11, An electric system having, in combination,
a condenser, means for charging the condenser,
a plurality of discharge circuits each having a
gaseous-discharge device, means for connecting
the discharge circuits in parallel to the con-
denser, a plurality of tripping condensers, one
for each discharge device, means for connecting
each tripping condenser to the corresponding
discharge device, and means for simultaneously
tripping the tripping condensers to effect & dis-
charge of the first-named condenser simultane-
ously into the discharge circuits. :

12. An electric syctem having, in combination,
a condenser, means for charging the condenser,
a plurality of gaseous-discharge devices each
provided with a normally unenergized starting
electrode, means for connecting the gaseous-dis-
charge devices directly in parallel to the con-
denser without substantial separating impedance
between the gaseous-discharge devices and the
condenser, and means for simultaneously ener-
gizing the starting electrodes to discharge the
condenser simultaneously through the gaseous-
discharge devices.

13. An electric system having, in combination,
a condenser, means for charging the condenser,
a plurality of gaseous-discharge devices, means

for connecting the gaseous-discharge devices di-

rectly in parallel to the condenser without sub-
stantial separating impedance between the gase-
ous-discharge devices and the condenser, & trip-
ping transformer connected with each discharge
device, a tripping condenser connected with each
transformer, and means for simultaneously trip-
ving the tripping condensers to trip the tripping
ransformers to effect a discharge of the first-
aamed condenser through the gaseous-discharge
devices, the gaseous-discharge devices having
impedances sufficiently high so that when the
first-named condenser discharges through one
of the gaseous-discharge devices it shall dis-
charge simultaneously through the other gase-
ous-discharge device or devices.

14. An electric system having, in combination,
a condenser, means for charging the condenser,
a plurality of gaseous-discharge devices each
having a positive voltage-current characteristic
curve, means for connecting the gaseous-dis-
charge devices directly in parallel to the con-
denser without substantial separating impedance
between the gaseous-discharge devices and the
condenser, and a breaker circuit for effecting a
discharge of the condenser through the gaseous-
discharge devices.

15. An electric system having, in combination,
a cor.denser, an impedance, means for connecting
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16. An electric system having, in combination,
a condenser, an impedance, means for connecting
the condenser to a source of direct-current energy
through the impedance to charge the condenser,
& plurality of gaseous-discharge devices, means
for connecting the gaseous-discharge devices dai-
rectly in parallel to the condenser without sub-
stantlal separating impedance between the gase-
ous-discharge devices and the condenser, & plu-
rality of tripping transformers, one for each gase-
ous-discharge device, means for connecting each
transformer to the corresponding discharge de-
vices, and means for simultaneously tripping the
transformers to effect a discharge of the condens-
er through the gaseous-discharge devices, the im-
pedances of the gaseous-discharge devices being
sufficiently high so that when the condenser dis-
charges through one of the gaseous-discharge
devices it shall discharge simultaneously through
the other gaseous-discharge device or devices.

17. An electric system having, in combination,
a condenser, means for charging the condenser,
a plurality of gaseous-discharge devices each pro-
vided with a cathode, an anode and a control elec-
trode, means for connecting the gaseous-dis-
charge devices directly in parallel to the con-
denser without substantial separating imped-
ance between the gaseous-discharge devices and
the condenser, a plurality of transformers, one
for each gaseous-discharge device, and each hav-
ing & primary winding and a secondary wind-
ing connected between the cathode and the con-
trol electrode of the corresponding gaseous-dis-
charge device, and means for simultaneously
energizing the primary windings to cause the sec-
ondary windings to effect control over the con-
trol electrodes, thereby to effect simultaneous
discharge of the condenser through the gaseous-
discharge devices.

18. An electric system having, in combination,
a condenser, means for charging the condenser,
a plurality of gaseous-discharge devices each pro-
vided with a cathode, an anode and a starting
electrode, means for connecting the gaseous-dis-
charge devices directly in parallel to the con-
denser without substantial separating impedance
between the gaseous-discharge devices and the
condenser, a tripping condenser connected to
each starting electrode, and means for simul-
taneously tripping the tripping condensers to
energize the starting electrodes, thereby to effect
simultaneous discharge of the first-named con-
denser through the gaseous-discharge devices.

19. An electric system having, in combination,
a condenser, an impedance, means for connect-
ing the condenser to a source of direct-current
energy throtigh the impedance to charge the
condenser, a plurality of gaseous-discharge de-
vices each having a positive voltage-current char-
acteristic curve, means for connecting the gase-
ous-discharge devices in parallel to the condenser
without. substantial separating impedance be-
tween the gaseous-discharge devices and the con-
denser, and a breaker circuit for effecting a
discharge of the condenser simultaneously
through the gaseous-discharge devices, the break-
er circult having a breaker contact member and
a condenser connected in series therewith.

20. An electric system having, in combination,
a condenser, an impedance, means for connect-
ing the condenser to & source of direct-current
energy through the impedance to charge the
condenser, & plurality of gaseous-discharge de-
vices each provided with a cathode, an anode
and a control electrode, means for connecting



8 9,351,603

the gaseous-discharge devices directly in par-
allel to the condenser without substantial sep-
arating impedance between the gaseous-discharge
devices and the condenser, a triggering circult
connected between the cathode and the control
electrode of each discharge device, and means
for simultaneously triggering the triggering cir-
cults to discharge the condenser into the dig-
charge circuits, the impedances of the gaseous-
discharge devices being sufficiently high so that
when the condenser discharges through one of
the gaseous-discharge devices it shall discharge
simultaneously through the other gaseous-dis-
charge device or devices.

21, An electric system having, in combination,
& condenser, an impedance, means for connect-
ing the condenser to a source of direct-current
energy through the impedance to charge the con-
denser, a plurality of gaseous-discharge devices
each having a positive voltage-current charsc-
teristic curve and each having a cathode, an
anode and a control electrode, means for con-
necting the discharge circuits in parallel to the
condenser, and means controlled by the control
electrodes for effecting a discharge of the con-
denser simultaneously through the gaseous-dis-
charge devices.

22. An electric system having, in combination,
a condenser, an impedance, means for connect-
ing the condenser to a source of direct-current
energy through the impedance to charge the
condenser, a plurality of discharge cireults each
having a gaseous-discharge device capable of car-
rying large currents and having a positive volt-
age-current characteristic curve, means for con-
necting the discharge ecfrcuits in paralle]l to the
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condenser, and means for effecting a discharge
of the condenser through the gaseous-discharge
devices.

23. An electric system having, in combination,
a condenser, means for charging the condenser, a
plurality of gaseous-discharge devices, means for
connecting the gaseous-discharge devices in par-
allel to the condenser, triggering means, and
means for triggering the triggering means to
effect a discharge of the condenser simultane-
ously through the gaseous-discharge devices.

24, An electric system having, in combination,
a condenser, means for charging the condenser,
& plurality of gaseous-discharge devices, means
for connhecting the gaseous-discharge devices in
parallel to the condenser, triggering means, and
means for triggering the triggering means to
effect a discharge of the condenser through the
gaseous-discharge devices, the impedances of the
Baseous-discharge devices being suficiently high
so that when the condenser discharges through
one of the gaseous-discharge devices it shall dis-
charge simultaneously through the other gase-
ous-discharge device or devices.

25. An electric system having, in combination,
a condenser, means for charging the condenser,
& plurality of gaseous-discharge devices each
having a positive voitage-current characteristic
curve, means for connecting the gaseous-dis-
charge devices in parallel to the condenser, trig-
gering means, and means for triggering the trig-
gering means to effect a discharge of the con-
denser simultaneously through the gaseous-dis-
charge devices.
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