Aug. 16, 1949. _ H. E. EDGERTON 2,478,907

FLASH-PRODUCING DEVICE

Filed July 29, 1935

Tzsveiitosr
Harold Z. Edgesrton
%ay .

Wf’o:*ﬂ@




Patented Aug. 16, 1949

UNITED STATES PATENT

2,478,907

OFFICE

2,418,907
FLASH-PRODUCING DEVICE
Harold E. Edgerton, Watertown, Mass.
Application July 29, 1935, Serial No. 33,733

1

The present invention, though having fields of
more general usefulness in electric systems, is
particularly related to electric-energy flash-pro-
ducing or other pulse-producing systems in which
the discharge of a condenser is employed for
such purposes as to produce a single light flash
or a single electric-energy pulse or a repetition
of light flashes or electric-energy pulses of short
duration and high intensity. This application
is a continuation-in-part of application Serial
No. 714,978, flled March 10, 1934, which matured,
on January 9, 1940, into Letters Patent 2,186,013.

In application, Serial No. 685,501, filed August
16, 1933, there is disclosed a new and improved
electric system for producing strong and intense
substantially uniform pulses of electric energy
by discharging a condenser quickly, reliably and
accurately at high frequency through a gaseous-
conductor device. This system is simple and
rugged in construction, light in weight, portable
and self contained, easily operable, without mov-
ing parts (except, in some cases, for a con-
tactor), and thoroughly effective and reliable in
operation,

An object of the present invention is to provide
a new and improved electric system of the above~
described character for producing light flashes or
other pulses of electric energy. )

Another object is to provide a new and im-
proved system of the above-described character
for charging the condenser.

Another object is to provide a new and im-
proved system of the above-described character
in which the condenser is disconnected from its
charging source of energy upon the completion
of the charging thereof and prior to its discharge.

In the said application, Serial No. 685,501, the
source of the light flashes is disclosed as a three-
electrode gaseous-conductor device. A further
object of the present invention, on the other
hand, is to provide a new and improved system
of the above-described character in which a
three-electrode gaseous-conductor device serves
rather as a control for a load, disclosed specifical-
ly as a two-electrode gaseous-conductor flash-
producing device. ‘

A further object of my invention is to provide
an improved flash-producing device in which the
source of light is obtained from successive surges
of current flowing through a circuit including a
luminescent-discharge device which is adapted
to high-speed operation.

Another object of my invention is to provide
a flash-producing device in which the source
of light is obtained from successive discharges
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of a condenser through a luminescent-discharge
device or devices and in which the condenser is
disconnected from the charging source prior to
discharge. .

Further objects of my invention will become
apparent as the description proceeds and the fea-
tures of novelty which characterize my invention
will be pointed out in the claims annexed to and
forming a part of this specification.

The invention will now be described in con-
nection with the accompanying drawings, the
single fizure of which is a diagrammatic view
of a motion-picture camera embodying my inven-
tion. 3

As the energy per flash through a gaseous-
discharge tube increases, or as the rate of flash-
ing increases, the tube increases in temperature.
This increase in temperature is accompanied by
a relatively greater intensity of light, by a slower
deionization time of the tube affter each flash,
and by the requirement of a higher operating

. voltage. The slower deionization time of the tube
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limits the recharging time of the condenser and
thus lengthens the necessary interval between
flashes. This is one of the limits to the speed
at which the camera may be operated.

To overcome the difficulty of slow deionization
and, at the same time, to benefit from the in-
creased intensity of light obtained from a hot
tube or other discharge device having a slow
deionization time, I propose to connect in series
with this tube g tube proportioned so that it shall .
remain cool at the required operating speed and
to control the flow of cwrrent through the hot
tube by means of the cool tube.

In the form of my invention illustrated, the
light to expose the film is obtained from a gase-
ous-electric-discharge device 5 in series with a
luminescent gaseous-electric-discharge device;
such as a tube 2. The gaseous-conductor tube 2
may be of the normally non-conductive rectifier
type described in the said Letters Patent and in
Letters Patent 2,181,879, of December 5, 1939, re-
issued as Letters Patent 22,123, June 23, 1942, and
Letters Patent 22,260, February 2, 1943, and is
proportioned so that it shall remain cool and have
8 rapid deionization time. Reference may be
made to the said Letters Patent for details. As
also described in the said Letters Patent, it is
provided with two internal main. or principal
electrodes 4 and 6 in a glass-tube envelope. The
internal electrode 4 is shown in the form of a
liquid pool of mercury, used for a cathode, and
the internal electrode 6 serves as the anode or

55 plate. The tube 2 is described in the said Letters
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Patent as of the low-impedance mercury-arc
gaseous-conductor type, in which a positive-
column discharge may pass between the anode
electrode 6 and the cathode electrode 4. The
pressure of the mercury or other gas or vapor in
tubes of this nature is normally of such value as
to render the tube 2 norinally non-conductive or
ineffective. The gas may become ionized, how-
ever, in response to the energization of a nor-
mally unenergized control-grid triggering or
starting electrode 100, to facilitate the starting
of the tube 2, by initiating current flow in the
principal-current path of the tube 2 including the
gaseous medium of the tube 2 defined by the prin-
cipal electrodes 4 and 6. This initiation and
starting are effected through the medium of a
starting-current path extending from the start-
ing electrode §00.

The electrode 100 is shown in the said Letters
Patent as an external metal-band condenser elec-
trode, situated around the glass of the envelope
of the tube 2, outside the mercury pool 4, opposite
to the meniscus of the mercury. Other types of
control-grid or starting electrode, including elec-
trodes of the internal type, maz also be employed.

The discharge device 5§ has electrodes 5a and 5b,
but needs no control electrode, since the current
through it is controlled by the tube 2. The dis-
charge device 5 may be any gaseous-discharge de-
vice, such as electrodes spaced in air, or within
an envelope. If the electrodes are within an
envelope, one of the electrodes may be of mercury,
or both may be of metal. The medium confined
within the envelope may be a gas or vapor and
I find that the gas or vapor pressure within the
envelope may be substantial, even of the order of
magnitude of atmospheric pressure, without
affecting very satisfactory operation of the device.
The deionization time of a discharge device such
as shown at § is relatively slow; but, since it is
in series with the tube 2, which deionizes very
rapidly, the deionization time of the device § is
not important, as the deionization of the tube 2
interrupts the cux;rgant.

The invention is'not, of course, restricted to use
with the two-electrode gaseous-conductor lamp 5.
This two-electrode lamp 5 is quite efficient for the
production of light flashes, but the invention is
equally applicable to the production of other elec-
tric-energy pulses than light. The lamp 5 is
therefore merely representative of a suitable load
device that may be employed in accordance with
the present invention under the control of the
three-electrode gaseous-conductor device 2.

Direct-current voltage is shown as derived from
any desired conventional source of alternating
energy of suitable voltage and frequency, through
a transformer (48. The primary winding 144 of
the transformer 148 is shown connected to the
alternating-current source, and the secondary
winding {47 to the anodes of two thermionic or
gaseous-discharge half-wave rectifier-tube units
20 and 22 of a common conventional type of full-
wave rectifier-and-filter arrangement (9. The
positive terminal i{ of the rectifier source of
energy is represented by the cathodes of the rec-
tifiers 20 and 22, and the negative terminal § is
disposed at an intermediate tap of the secondary
winding (47 of the transformer {48. An im-
pedance {1{, shown resistive, and a reservoir con-
denser 110, are shown connected in series be-
tween the terminals { [ and 9 across a filter con-
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denser 25, which may constitute part of the con- .

ventional source of direct current. A continuous
supply of direct-current energy is thus continu-

. 4 :
ously maintained between the positive terminal
118 and the negative terminal 112 of the reservoir
condenser (10. A lead conductor 0 is connected
to the positive terminal (18 of the reservoir con-
denser 110 and a lead conductor 8 is connected
to the negative terminal {12 at times when a nor-
mally non-conductive thyratron or other suitable
discharge device 114 is rendered conductive.

A main discharge capacitor or condenser 26
is connected to the terminals 112 and 118 of this
reservoir-condenser source 110 of direct-current
potential in order normally to charge it with
energy at a predetermined rate to the full poten-
tial or greater than the full potential of this
source 110. According to the embodiment of the
invention herein illustrated and described, the
condenser 26 is connected to the source of direct-
current potential {10 in parallel with the gaseous-
conductor device 2 and the load 5, connected in
series. The electrodes 4 and 6 of the discharge
device 2 and the electrodes 5a and 5b of the load
5 are therefore connected in series to the two ter-
minals 112 and |18 of the condenser source 110 of
energy at the same time that energy is supplied
to the condenser 26 from the source {10 of direct
current. The positive terminal of the condenser
25 is connected to the positive terminal {{8 of the
reservoir condenser {10 by the load conductor 10,
and the negative terminal of the condenser 26
is connected to the negative terminal 112 of the
reservoir condenser ({0 at times when the nor-
mally non-conductive tube {14 is rendered con-
ductive. The usual voltage to which the con-

‘denser 26 becomes thus charged when the tube

114 is conductive is from 200 to 2,000 volts.

The discharging circuit for the condenser 26 is
shown extending from the positive terminal of the
condenser 26, by way of the lead conductor 10, and
through the gaseous medium of the load 5, be-
tween the electrodes 5a and 5b; from the electrode
9b, by way of a conductor, to the anode electrode
6; then through the gaseous medium of the gas-
eous-conductor tube 2 to the cathode electrode 4;
and finally from the cathode electrode 4, by way
of the lead conductor 8, to the negative terminal
of the condenser 26. The cathode 4 and the
anode 6 of the gaseous-conductor device 2 are
thus connected by the lead conductors 8 and 10
to the condenser 26 in series with the load 5. Be-
cause of the direct metallic-wire connection, the
condenser 26 is enabled to discharge with relative
rapidity through the gaseous-conductor tube 2
between the anode electrode 6 and the cathode
electrode 4 when the gaseous-conductor tube 2
becomes conductive.

The discharge of the condenser 26 in this dis-
charging circuit, however, can be effected in one

direction only. This is because, as explained in

the said Letters Patent, the discharge device 2 is
conductive in one direction only, since it has rec-
tifier characteristics. } .

With this arrangement, I prefer to have the
electrical parameters of this series condenser-
discharging circuit, including the condenser 26
and the inductance of the lead conductors 8 and
0, such that, if the discharge device 2 were sub-
stantially equally conductive in both directions
between the principal electrodes 4 and 6, this con-
denser-discharging circuit would be oscillatory.
For brevity, therefore, I shall hereinafter use this
term “oscillatory” to describe this condenser-dis-
charging circuit.

As the tube 2 will not conduct a reverse current,
the current flow through the tube ceases when the

9 oscillatory discharge current from the condenser
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26 becomes zero. At this time, as the condenser
26 is charged in the reverse direction, it can not
discharge through the tube 2 and the discharge
device 5 until charged in the normal direction, be-
cause of the rectifier action of the tube 2. When
vhe discharge is oscillatory, the duration cf the
surge of current through the discharge devices is
equal to the duration of the first half-cycle of the
discharge. This period is independent of the
energy stored in the condenser and depends only
on the constants of the circuits. It is much
shorter than the interval of time between succes-
sive flashes.

The reason why the duration of the surge of
current is so much shorter than the interval of
time beiween successive surges of current will ap-
pear more fully hereinafter. It will appear that
the closing of the ccntact members 121, 122, by
effecting the closing of the charging circuit for
the condenser 26, determines the moment when
the condenser 26 commences to charge; and that
the closing of the contact members 32, 34 deter-
mines the mement when the condenser 26 com-
mences to discharge. The commutator 120
travels through a very small angle during the time
that the flash takes place, else the pictures taken
would become blurred, instead of very sharp and
very distinct.

Although the discharge or gaseous-conductor
device 2 is illustrated and described as a rectifier,
however, it will be obvious that the invention is
not limited thereto, but that the invention may be
practised with the aid of any other means having
similar rectifier characteristics. Any discharge
device or gaseous-conductor or other means may
be employed in accordance with the present in-
vention that has rectifier characteristics enabling
it to conduct appreciable current in one direction
but preventing it from conducting appreciable
current in the opposite direction under the before-
described predetermined conditions of the reverse
voltage applied to it by reason of the oscillatory
nature of the condenser-discharging circuit. In
particular, the lamp or other load § and the dis-
charge device 2 may together constitute a nor-
mally non-conductive gaseous-conductor means
having such rectifier characteristics. The elec-
trodes of this gaseous-conductor means 2 and 5

may be considered to be the main or principal

electrode 4 of the gaseous-conductor device 2, the
electrode Ba of the gaseous-conductor device §,

and the third or control electrode 160 of the gas-

eous-conductor device 2.

In order to allow still further time for deioniza-
tion, I provide an arrangement for charging the
condenser 26, in which the condenser is charged
just before the desired time of the flash, and is
then disconnected from the charging source be-

fore the time of the flash. With this arrange-

ment, there is no chance for current to flow
through the discharge devices until the charging
source of voltage is again connected to the con-
denser 26 to charge the condenser. For instance,
if pictures are to be taken at the rate of 5,000 per
second, or one picture every 200 microseconds, and
the duration of the flash is one microsecond, it is
possible to allow 100 microseconds or more for de-
ionization of the tube 2, and the discharge device
5 need never be completely deionized. The only
requirement is that the before-described series
discharging circuit of the condenser 26, which in-
cludes the tube.2 and the discharge device 5, must
be able to stand, without breakdown, the voltage
across the condenser 26 when the condenser 26
is again being charged.
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The charging cireuit for the condenser 26 is
shown extending from the positive terminal 18 of
the reservoir condenser 110, by way of the con-
ductor 10, to the corresponding positive terminal
of the condenser 26; and from the negative ter-
minal 112 of the reservoir condenser |10, through
a c.rrent-limiting reactive charging impedance
113, constituted of a wire conductor comprising a
combination of resistance and inductance, and
the normally non-conductive thyratron or other
suitable ‘iaseous-conductor device (14, to the
negative terminal of the condenser 26. The cur-
rent-limiting charging impedance 13 is thus
series-conducted in the charging circuit of the
condenser 26, between the condenser 26 and its
charging source 119 of direct current.

It is desired not to produce a pulse in the load
5 except during the discharge of the condenser
28. The design of the above-described condens-
er-charging circuit aids toward the attainment
of this end by not producing a substantial or, in-
deed, any pulse in the load 5 during the charging
of the condenser 26.

The thyratron tube 114 is shown provided with
a cathode (15, an anode {16 and a control-grid
electrode 119. The grid (19 of the tube 1184 is
connected to the negative end of the resistance
111 through a grid-protecting resistance 123 and
is, therefore, given a negative bias with respect
to the cathode {15 when current flows through
the resistor. A battery (#7 may be used to in-
crease the negative bias of the grid 119, so as to
prevent the tube 114 from operating until the
closing of the contact members 121 and 122. The
tube 114, as already stated, is, therefore, nor-
mally non-conductive and the condenser 110 is,
therefore, normally disconnected from the con-
denser 26. In order to render the tube 144 con- .
ductive, the grid 119 is connected o the positive
side of the source of direct current by a circuit
which includes a resistance 124, contact memkers
121 and (22, a conducting shaft 130, a contact
member 28, a conductor 125, and a trip con-

- denser {26. The function of the resistance 124 is
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to limit the peak current. At the first instant of
closing of the contact members 121 and 122, the
condenser 126 has no charge and the resistances
124 and 123 act as a voltage divider, so that the
grid 119 is at a positive potential sufficient to
cause the tube 114 to become conductive. The
next instant, however, the condenser 126 becomes
charged, which draws a charging current through
the grid-protecting resistor 123. As soon as the
condenser {26 becomes charged, the voltage in
the grid 110 drops to a low value. The potential
of the grid 119 becomes less negative with respect
to the cathode and, therefore, causes the tube {4
to become non-conductive as soon as the plate
current becomes zero. The time that the tube
114 remains conductive is not dependent upon the
time that the contact members 121 and 122 re-
main closed. The drawing of the current
through the resistor 123 results in the potential
of the grid 119 becoming momentarily highly
positive with respect to the cathode {15, resulting
in operation of the tube {14, The condenscr 126
discharges through a shunt leak resistance 127
when the contact members 121 and (22 are open.

Upon the normally non-conductive thyratron
{14 becoming conductive, in response to the clos-
ing of the contact members 121 and 122, it per-
forms the function of a switch for closing the
charging circuit of the condenser 26 through the
current-limiting inductance 113, in order to per-
mit of recharging the condenser 26 from the res-
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ervoir condenser ({8. A difference of potential
becomes thus established between the cathode 4
and the anode 6 during the charging of the con-
denser 26.

The condenser 26 is therefore normally charged
to a voltage of unvarying polarity and of magni-
tude insufficient to effect a discharge of the con-
denser 26 through the gaseous-conductor tube 2
between the electrodes 4 and 6 when the gaseous-
conductor tube 2 is non-conductive, though suf-
ficient to effect a discharge of the condenser 26
through the tube 2 between the electrodes 4 and
. 6 when the tube 2 has broken down to become
conductive. ,

After becoming thus charged, the condenser 26,
as will presently be more fully explained, may be
discharged through the gaseous medium of the

tube 2, between the anode 6 and the cathode 4,

and through the load 5, between the electrodes
5a and 5b, in the before-described discharging
circuit of the condenser 26. The discharge cur-
rent thus obtained from the condenser source 26
of energy produces an electric-energy pulse
through the gaseous-conductor tube 2 and, there-
fore, through the load § also. This results in the
production of a light flash through the device 2
and, therefore, through the lamp 5 also. The
impedance {3 should be small enough to permit
recharging of the condenser 26 with energy from
the direct-current source 10 in time for the next
light flash or energy pulse.

Like the gaseous-conductor device 2, the gas-
eous-conductor device ({4 has rectifier charac-
teristics. The electrical parameters of the above-
traced condenser-charging circuit for the con-
denser 26, including the impedance {13 and the
condenser 26 in series with the condenser-charg-
ing source {108 of energy, are such that, if the
electron-discharge device ({4 were conductive in
both directions between the cathode 115 and the
anode ({6, this condenser-charging circuit would
be oscillatory. For brevity, therefore, I shall
hereinafter use this term “oscillatory” to de-
scribe this condenser-charging circuit.

Because of the nature of this series condenser-

charging circuit for the condenser 26, further-
more, the voltage rise across the condenser 26,
the gaseous-discharge device 5 and the gaseous-
discharge tube 2 in the above-traced discharging
circuit for the condenser 26 is retarded. The in-
ductance of the impedance 113 prevents a sudden
initial rush of current through the tube {14, or
through any switch that may be used in place of
the tube 114.
- Resulting also from the fact that this series
condenser-charging circuit for the condenser 2§
is oscillatory, for reasons similar to those dis-
.cussed above in connection with the oscillatory
nature of the condenser-discharging circuit, the
plate current of the gaseous-conductor device 114
is brought to zero, which enables its control-grid
electrode 119 to regain control. It will also be
apparent, for reasons similar to those hereinbe-
fore discussed, that any discharge device (14 hav-
ing rectifier characteristics may be employed in
accordance with the present invention that does
not conduct an appreciable current in the reverse
direction under the influence of the reverse volt-
age applied to it by reason of the oscillatory na-
ture of this condenser-charging circuit.

In an oscillatory circuit of this type, the con-
denser 26 is charged to a higher potential than
the supply of direct current at the time when the
current becomes zero. The efficiency of charging
the condenser is also increased. As energy is
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transferred from the condenser (10 to the con-
denser 26, the potential of the cathode 115 be-
comes more positive relative to the terminal 9
of the source of direct current. The grid 19,
therefore, becomes more negative with respect to
the cathode {15, and the deionization of the tube
114 is assisted. When the tube {14 is deionized,
the condenser 26 is effectively disconnected from
the condenser 110. There is a tendency for the
current to oscillate, but it will flow in only.one
direction.

The voltage to which the condenser 26 is
charged, as before stated, must be insufficient to
cause the tube 2 to break down and become con-
cductive without the starting pulse of potential.
In order to cause the tube 2 to become conductive,
at the desired intervals, I provide a trip circuit
for energizing the electrode 100. The trip circuit
is shown comprising a normally non-conductive
or ineffective gaseous-discharge trigger-tube de-
vice 140, a small auxiliary capacitor or condenser
28, and a normally ineffective triggering or trip
flash transformer 30. For definiteness, the larger
condenser 26 may be referred to as a first con-
denser, and the small auxiliary condenser 28 as a
second condenser. The small second condenser
28 is shown provided with a positive terminal 43
and a negative terminal 44.

The gaseous-discharge device 140, like the
gaseous-conductor device (14, may comprise a
mercury-vapor thyratron, a gas-filed hot-
cathode thermionic tube, a grid-controlled cold-
cathode arc-discharge tube or any other suitable
discharge device. The transformer 30 may be of

5 the high-ratio step-up or any other desired type,

with a relatively low-impedance primary winding
36, and a secondary winding 29, shown connected
between the cathode & and the external electrode
100. The before-mentioned starting-current path
of the tube 2, extending from the starting elec-
trode 120 to the cathode 4, includes the inductance
cf the secondary winding 28.

The trip circuit may perform its function of

initiating the discharge of the condenser 26 -

through its discharging circuit by converting the
direct current of the source of potential into very
sudden voltage pulses in the primary winding 36
of the flash transformer 30. These, as will be
described more fully presently, will be manifested
as alfernating-current pulses in the secondary
winding 29.

As the gaseous-conductor devices [i4 and 140,
like the gaseous-conductor device 2, may be recti-
fiers of the arc-like discharge type, having an
abrupt characteristic, and conductive in one di-
rection only, they may serve also as electric
check valves. They are each shown provided with
at least three electrodes. Two of the electrodes
of the tube 140 are main or principal electrodes,
namely, an anode or plate 52 and a cathode 48.
The third is a control-grid electrode 58. These
three electrodes correspond to the anode b6, the
cathode 4 and the control electrode {00, respec-
tively, of the gaseous-conductor device 2, or the
anode {16, the cathode 115 and the control elec-
trode 119, respectively, of the gaseous-conductor
device {14. As is the case also with the gaseous-
conductor device f14, the maximum predeter-
mined potential that may be established between
the two main or principal electrodes 48 and 52 of
the gaseous-conductor device 140, without appre-
ciable current flow therebetween, may be con-
trolled by controlling the potential difference be-
tween the control electrode and one of the main or
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principal electrodes. As with the gaseous-con-
ductor devices 2 and 114, the gas pressure of the
gaseous-conductor device 140 is such that the con-
trol electrode 50 loses control over a discharge
already passing through the gaseous-conductor
device 140. S : )

The conversion effected by the auxiliary or trip
circuit of the direct current of the reservoir con-
denser (10 into alternating-current pulses may
be effected by discharging the small condenser
28 between the anode electrode 52 and the cathode

10

electrode 48 in order to produce a current through -

the primary winding 36 of the flash transformer
30. This discharge of the small second condenser
28, as will presently be more fully explained, may

be initiated by suitably controlling the third elec-

trode 50 of the thyratron or other discharge de-
vice 140. :

The condenser 28, which provides the initiating
impulse in the auxiliary circuit, is charged,
through a resistance 31, from any suitable source
of direct current, which may be the source of
direct-current supply for the condenser 26. The
auxiliary or trip circuit is provided with a
normally unenergized series control circuit, an
input circuit and an output circuit. The input
circuit of the trip circuit, or the input or grid
circuit of the thyratron 140, may be traced from
the cathode 48, by way of a conductor 42, to the
negative terminal 44 of the small condenser 28,
and through resistors 31 and 142, to the control-
grid electrode 50. The connections of the output
circuit of the trip circuit, or of the thyratron 140,

include the conductor 42, leading from the termi-

nal 44 of condenser 28, to the cathode 48 of the
electron-discharge device 140; a conductor 4{,
leading from the anode 52 of the electron-dis-
charge device 140 to the primary winding 36; and
the conductors 39, 10 and 45 leading from the
primary winding 36 to the other terminal 43 of
the condenser 28. .

This output circuit of the trip circuit thus
comprises not only the small second condenser
28, but also the cathode 48 and the anode 52 of
the gaseous-conductor tube 140 and the primary
winding 36 of the flash transformer 30, connected
in series. It is connected to the gaseous-
conductor tube 2 through the transformer 30.

An impedance 33, shown as a bleeder resistor,
is connected to the terminals 43 and 44 of the
small second condenser 28. It is therefore
shunted across, or connected in parallel with, the
small second condenser 28, and therefore also
with the output circuit of the trip circuit.

The positive terminal fi8 of the scurce {0 of
direct-current voltage is connected to the posi-
tive terminal 43 of the small second condenser 28
and of the bleeder resistor 33, and the negative
terminal 112 of this voltage source (10 is con-
nected to the negative terminal 44 of the small
condenser 28 and of the bleeder resistor 33,
" through the resistor 31, at times when the tube
{14 is energized. Power is thus obtained both for
the thyratron 140 and for charging the small
second condenser 28, in the output circuit of the
trip circuit, from the reservoir condenser 110, in
series with the resistor 31. This trip-circuit out-
put circuit may therefore be regarded as obtain-
ing its energy from this small second condenser
28, after becoming charged from the reservoir
condenser 110. The reservoir condenser. |10 may,
however, also be regarded as included within the
output circuit of the trip circuit.

In addition to its above-described function of
providing a bias for the control-grid electrode 50,
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10
therefore, the resistor 31 may perform also, in
the charging circuit of the small second condenser
28, a function similar to that of the impedance
113 in the charging circuit of the condenser 26.

The current flowing through the bleeder resist-
ance 33 causes a voltage drop through the resist~
ance 31, which is negative with respect to the
cathode 48; and, since the grid 53 is connected
to the negative end of the resistance 81, through
a resistance 142, the grid 50 is normally negative
with respect to the cathode 48. The presence of
the bleeder 33 permits more current to pass
through the resistance 3f, and the function of
the resistor 142 is similar to that of the resistor
{23. The tube 140 is, therefore, normally non-
qonductive, as before stated, preventing discharge
of the condenser 28 through the tube 140. The
bias normally developed across the resistor §if
may be large enough to prevent the gaseous-con-
ductor device 114 from operating except when the
contact members 121 and 122 are closed.

To render the discharge device 140 conductive,
a switch, having a stationary brush or contact
member 32 and movable contact members 34, is
closed to connect the grid 50 to the positive side
of the source of direct current, at the conductor
{0, and by way of the conductor 39. A small trip
condenser 59 is arranged in the circuit between
the conductor 10 or the anode 52 and the grid 50
and is quickly charged after the contact members
32 and 34 are closed. The condenser 59 performs
the same function for controlling the thyratron
140 that the condenser 126 performs for control-
ling the thyratron 4. After the condenser 89
is charged, the grid 50 again becomes negative
with respect to the cathode 48, and remains nega-
tive regardless of the time that the contact mem-
bers 32 and 34 remain closed. Only a single im-
pulse is obtained at each closing of the contact
members 32 and 34. A resistor 143, in shunt to
the condenser 59, performs a function similar to
that of the resistor 127 for the condenser 126.
Each resistor takes the charge from its corre-
sponding condenser when the contact members
121, 122 or 32, 34, respectively, become open.

Even after current flow has ceased in the pri-
mary winding 36, however, an oscillatory current
may continue to flow in the secondary winding 29.
The voltages thus applied to the electrode 100 by
the oscillations of the secondary winding 29 may
be sufficient to cause the tube 2 to become con-
ductive after the condenser 26 has become only
partly recharged, or to delay the deionization of
the tube 2 until the condenser 26 has become
partly recharged. This would result in further
discharges of the condenser 26 through the tube 2
even in the absence of the application of a further
triggering impulse upon the thyratron 140, with
the consequent production of spurious flashes.
It might even result in continuous conduction
through the tube 2. In order to prevent this from

" occurring, the triggering impulse applied to the

electrode 100 should be of duration short com-
pared to the desired intervals between the dis-
charges of the condenser 26 through the tube 2
and, therefore, between the flashes.

According to the embodiment of the invention
that is herein illustrated and described, I attain
this result by preventing the current in the sec-
ondary winding 29 from becoming oscillatory. To
this end, I have connected a resistance 132 and
an inductance 13f across the secondary winding
29, of values such that the surge of current
through the winding 29 is substantially damped.
Other arrangements for providing a damped sec-
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ondary winding may also be used, such as varying
the constants of the winding 29 itself. By the
use of the damped transformer for impressing the
starting voltage on the grid 100, it is possible to
use a surge from a low-voltage source, such as
the condenser 28, in the primary winding 36 and
to obtain a single, corresponding surge in the
secondary winding 29 of sufficient voltage to cause
the tube 2 to become conductive. An auxiliary
electrode in the tube 2, when connected to the
secondary, has been found to be useful for damp-
ing out the oscillations in the secondary.

The tripping is performed by energizing the
normally unenergized control series circuit of the
trip circuit between the control grid 50 and the
anode 52. This normally unenergized coptrol
series circuit is energized by means of a signal
for controlling the flashes of light or the elec-
tric-energy pulses that suitably modifies thg po-
tential difference between the negatively blasgd
control grid 50 and one of the principal or main
electrodes, as the cathode 48, to a predetermined
critical value. The signal is produced, as above
described, by subjecting the control grid 50 to a
suitable potential stimulus through closing the
switch contactor 32 at any time after the small
second condenser 28 has become charged. The
normally open output circuit of the trip circuit
thereupon becomes closed or completed from the
anode 52 to the cathode 48, in series with the
low-impedance primary winding 36 and the
small second condenser 28. )

The small second condenser 28 thereupon dis-
charges through the output circuit of the trip
circuit, from the positive terminal 43 of the small
second condenser 28, by way of the conductor
45, to a terminal 38, by way of the conductors
18 and 38, through the primary winding 36 and
the gaseous-conductor tube 140, between the
anode 52 and the cathode 48, in series, and, by
way of the conductor 42, to the negative termi-
nal 44 of the small second condenser 28. The
discharging surge of current thus produced from
the source of energy constituted of the small
second condenser 28 results in impressing very
‘suddenly, for a brief interval of time, at the
exact instant desired, a sharp violent high-po-
tential single electrical transient impulse upon
the primary winding 36 of the transfor.ner 30.
In response to each such discharge of the small
condenser 28, therefore, the normally ineffective
transformer 30 becomes thus suddenly effective,
and a high-potential gradient becomes estab-
lished in the output circuit of the trip circuit.

The control grid 50 is thus caused to deter-
mine the exact instant when the normally non-
conductive thyratron 140 shall become conduc-
tive, and this it does quickly, accurately and re-
liably. The control electrode 50 loses control
over the thyratron 140, however, upon the initi-
ation by the condenser 28 of the sudden current
impulses in the output circuit.

The resulting high potential trip surge across
the terminals of the secondary winding 29 be-
comes conveyed, accurately and reliably, to im-
press a high-potential stimulus between the
starting electrode 180 and the cathode 4 of the
tube 2. .

The effect of this quickly applied, high volt-
age is to produce a source of electrons upon. the
mercury cathode 4, rendering the tube 2 con-
ductive. The main discharge condenser 26,
therefore, suddenly, quickly and violently, at the
exact instant determined by the potential im-
pulse, under the control of the conirol-grid elec-

10

15

20

25

30

35

40

50

56

60

85

70

78

. 12 .
trode 50, discharges its energy through the tubes
2 and § in response to the closing of the con-
tact members 32, 34, '

Part of this energy is transformed into useful
light. The amount of energy discharged through
the tube 2 by the circuit is so considerable that
the flash of light produced by the resulting arc
is very brilliant, intense, quick, sharp, clear and
of high illumination intensity. At the instant
of discharge, the current surge through the lamp
2 is very great. It may be over one thousand
amperes.

Because of the low impedance of the gaseous-
conductor devices 2 and 5, the duration of each
such sudden discharge of the condenser 26 and
of the resulting flash or other pulse of electric
energy is short compared to the times between
successive discharges of the condenser 26 and
28. This is because the control grid 50 is nor-
mally maintained at a potential such as to ren-
der the thyratron [40 normally non-conductive
during times long compared to the duration of
the discharge of the condenser 26 and 28. Be-
cause of the suddenness of the operation, the
thyratron or other tube 148 becomes effective
with corresponding suddenness to render the
gaseous-conductor device 2 suddenly conductive.
The duration is of the order of mieroseconds.
Under some conditions, the duration of the flash
is less than even one microsecond.

This time duration is short enough to obtain
sharp, clear photographs of moving objects and
for taking a series of photographs upon a con-
tinuously moving film without blur. The dura-
tion of the flash of light from the tube 5 is also
so short (ten microseconds or less) that no ap-
preciable blurring of the image on the film oc-
curs, even at high, film speeds. The intensity of
the light is such that adequate exposures are
obtained with one flash of light from the tube 5.
The duration of the flash depends upon a num- -
ber of factors, among which are the capacity of
the condenser 26 and the energy stored therein,
the impedance of the leads 8 and 10, and the di-
mensions and goperating temperature of the
tube 2.

By designing the gaseous-conductor tube 2 so
that it shall have a low impedance relative to
that of the load 5, most of the discharge energy
will be dissipated in that load 5. The tube 5,
on the other hand, is generally designed for the
most effective light emission, and to have a high
impedance relative to that of the gaseous-con-
ductor tube 2. .

By varying the speed of operation of the switch
32 of the {llustrated trip circuit, it is possible to
vary the number of times per second that the
external signal is applied to the control grid 50
to control the thyratron or other gaseous-dis-
charge device 140 to render it conductive. The
predetermined rate at which the signal is applied
may thus be varied to vary the selected intervals
of flashing,

‘The present invention, therefore, makes it pos-
sible to operate the system without any switches-
or other moving parts, except, in some cases, as
with the aid of the very small switch contactor
32, for causing the thyratron or other gas-dis-
charge tube 140 to function.

The illustrated camera 16 can be used for tak-
ing pictures of rapidly moving objects at very
high speeds. A motor 70 drives a drum 72 whick
continuously advances a band of film 74 within
the camera 716 behind a lens 79 provided with a
shutter 78 that operates automatically to prevent
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double exposure of the film, The motor also 10~
tates a commutator of which the contact mem-
bers 34 are segments and on which bears the be-
fore-mentioned stationary brush or contact
member 32. The contact members 32 and 34
control the timing of the light flashes; as ex-
plained above, each time that the contact mem-
bers 82 and 34 close, a single flash of light from
the tube 2 is obtained. The commutator is usu-
ally driven so that a separate flash is obtained
each time that the film advances one frame dis-
tance, in order that the pictures shall be properly
- framed for subsequent projection. For other
uses, the flashing rate is accurately determined
by a separate commutator, run at a known speed,
Tripping may also be arranged from an electri-
cal oscillator or other sources of alternating cur-
rent.

"The movable contact members 12{ are prefer-
ably the segments of a commutator 120, which
is mounted on a shaft 130, driven by the motor
70. The contact members 21 are all connected
to the shaft 130, and the brush 128, which bears
on the shaft 130, completes the circuit from the
contact members 121 to the conductor (25. An
insulating member {29 insulates the shaft 130
from the rest of the motor 710. The commutator
120 is placed so that the contact members 121 and
122 shall have become closed and opened before
the contact members 32 and 34 close to cause
the condenser 26 to discharge through the cir-
cuit including the tube.2 and the discharge de-
vice 5, in the manner described above. Due to
the simplification of the camera, because of the
elimination of the intermittent motion of the
film, the number of pictures per second may be
very great, 1000 or more. This type of photog-
raphy is very useful in the study of certain high-
speed phenomena in engineering research inves-
tigations, such as a rapidly moving valve
spring 80.

In the operation of the camera, just prior to
the closing of the contact members 32 and 34,
the condenser 26 is charged and is disconnected
from the full-wave rectifier, the condenser 28 is
charged, the tubes 140 and 2 are non-conductive,
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conductive, and further surges from the con-
denser 28 are not possible until the contact mem-
bers 32 and 34 are again closed.

The condenser 26 remains disconnected from
its condenser-charging source 110 & predeter-
mined length of time after the discharge of the
condenser 26 and until after the tube 2 has be-
come deionized. The charging circuit for the
condenser 26 is therefore ineffective, in order to
prevent charging of the condenser 26, during that
predetermined time. At some time after the tube
2 has become deionized, the contact members {21
and 122 become closed, causing the tube 114 to
become conductive and, thereby, causing the con-
denser 26 to become charged from the con-
denser 110. After the condenser 26 is charged,
the tube 114 becomes non-conductive and the con-
denser 26 becomes effectively isolated from the
charging source. ‘The condenser 28 has been
charged through the resistance 31 which, as be-
fore stated, is: intermittently connected to the
full-wave rectifier. The system is therefore now
ready to deliver another surge of current to the
tube 2 and the discharge device 5. This surge will
not occur until the contact members 121 and 122
have become opened and the contact members 32

. and 34 have again become closed.
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and the film T4 is about to be accurately framed

behind the lens 79. °

As soon as the film 14 Is accurately framed
behind the lens 719, the contact members 32 and
34 are closed, connecting the grid 50 to the posi-
tive conductor 10 and rendering the tube (40
conductive. The energy in the condenser 28 im-
mediately discharges, causing a surge of current
to flow through the primary winding 36 and a
corresponding surge to be magnetically induced
in the secondary winding 29. The surge of volt-
age in the secondary winding 29 causes the tube 2
to become conductive, and the condenser 26 dis-
charges through the oscillatory circuit including
the tube 2 and the discharge device 5, producing
a flash of light. At the end of the first half-cycle
of the oscillation, current flow from the con-
denser 26 ceases and since, at this instant, the
condenser 26 is charged in the reverse direction,
no further current flow is possible. As the sec-
ondary winding 29 is damped, only a single os-

cillation appears in the winding 29 at each clos-

ing of contact members 32 and 34.
As before explained, as soon as the condenser

28 discharges, the cathode 48 becomes more posi-

tive and, since the condenser 58 has, by this time,
become charged, the grid 50 returns to its nega-
tive potential.
is sufficient to cause the tube 140 to become non-
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The electrical control circuits. illustrated and
described herein make it possible to control ac-
curately the exact instant of the light flash by

means of a very small amount of power. If the -

contact brush 32 and commutator contact mem-
ber 34 are small and are very accurately con-
structed, as shown diagrammatically, the cir-
cuit will be tripped at exactly the right instant
to “frame” the picture on the moving film. The
importance of accurate flashing of the intermit-
tent-light source will be realized when the mag-
nification of the picture on the screen during

projection is calculated. - The brushes and the.

commutator would become pitted in case any ap-
preciable current were required to flow in them,
resulting eventually in inaccurate timing of the
flashes of light. In the circuits illustrated and
described herein, the current requirements are
very small and consist of brief pulses occurring
at the instant of .contact. .

The control tube 2, together with the circuit
for exciting its external starting grid, is useful
for many other applications than the one shown
in this patent application. The circuit is par-
ticularly adapted for the production of one or
more short-duration high-energy pulses of elec-
trical energy in any desired load impedance, such
as the gaseous-conductor tube 5. These pulses

~ may be very accurately controlled by a very small
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amount of energy, and this may be produced at
a very rapid rate.

Modifications will occur to persons skilled in
the art, and all such are considered to fall within

the spirit and scope of the invention, as defined

in the appended claims.

What is claimed is:

1. A flash-producing devlce comprising a
luminescent-discharge device; a condenser; a
discharge circuit including said condenser and
said luminescent-discharge device; an impedance;
a rectifier tube; means for charging said con-
denser including a circuit having a source of di-
rect current, sald impedance and the said recti-

- fier tube; and means for causing said.condenser

The negative bias of the grid 50
k(]

to discharge suddenly: through said luminescent-
discharge device at predetermined intervals of
time,

2. A flash-producing device comprising a lumi-

o
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nescent- discharge device, a condenser, a discharge
circuit including said condenser and said lumi-
nescent-discharge device, means including a cir-
cuit having a source of direct current for charg-
ing said condenser and then disconnecting the
condenser from the source of direct current,
means for subsequently causing said condenser
to discharge through said luminescent-discharge
device, and means for rendering the second-
named circuit successively effective and ineffec-
tive to charge the condenser periodically, thereby

10

to permit the condenser to discharge periodical- .

1y through said luminescent-discharge device.

3. A flash-producing device comprising a lumi-
nescent-discharge device, a condenser, a discharge
circuit including said condenser and said lumi-
nescent-discharge device, an electron-discharge
device having a control grid, a charging circuit
for said condenser including a source of energy
and said electron-discharge device, means in-
cluding said control grid for causing said con-
denser to be charged and then to be disconnected
from said source of energy, and means for caus-
ing said condenser to discharge through said
luminescent-discharge device.

4. A flash-producing device comprising a lumi-
nescent-discharge device, a condenser, a discharge
circuit including said condenser and said lumi-
nescent-discharge device, a grid-controlled dis-
charge device, a charging circuit for said con-
denser including a source of energy and the grid-
controlled discharge device, means including an
auxiliary circuit connected to said charging cir-
cuit for causing said condenser to be charged,

and means for subsequently causing said con--

denser to discharge through said luminescent-
discharge device.

5. A flash-producing device comprising a mer-
cury-pool tube, a condenser, a discharge circuit
including said condenser and said tube, an elec-
tron-discharge device having a confrol grid, a
charging circuit for said condenser including a
source of energy and said electron-discharge de-
vice, means including said control grid for caus-
ing said condenser to be charged and then to
be disconnected from said source of energy, and
means for causing said condenser to discharge
through said tube.

6. A flash-producing device comprising a lumi-
nescent-discharge device, a condenser, a discharge
circuit including said condenser and said lumi-
nescent-discharge device, means including a
source of energy for charging said condenser,
means for causing said condenser to discharge
through said luminescent-discharge device at suc-
cessive intervals, and means for successively dis-
connecting said condenser from said source of
energy during and subsequent to said discharge.

7. A flash-producing device comprising a cir-
cuit including a condenser and a mercury-pool
tube having a starting electrode, a transformer
having a primary winding and a damped second-
ary winding connected to said starting electrode,
means for charging said condenser, and means
for causing said condenser to discharge through
said tube, said last-named means including
means for causing a surge of current to flow
through the primary winding of the transformer.

8. A flash-producing device comprising a cir-
cuit including a condenser and a gaseous-elec-
tric-discharge device having a control grid, a
transformer having a primary winding and a
damped secondary winding connected to said
control grid, means for charging said condenser,
and means for causing said condenser to dis-
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charge through said discharge device, said last-
named means including means for causing a
surge of current to flow through the primary
winding of the transformer.

9. A flash-producing device comprising a
luminescent-discharge device; a condenser; a
discharge circuit including said condenser and
said luminescent-discharge device; an imped-
ance; a thyratron tube, means for charging said
condenser. including a circuit having a source of
direct current, said impedance and said thyra-
tron tube; and means for cdusing said condenser
to discharge suddenly through said luminescent-
discharge! device at predetermined intervals of
time.

10. A flash-producing device comprising a
luminescent-discharge device, a condenser, a
discharge circuit including said condenser and
said Iluminescent-discharge device, means for
charging said condenser, means for causing said
condenser to discharge suddenly through said
luminescent-discharge device at predetermined
intervals of time, and means for thereupon ren-
dering the condenser-charging means ineffective.

11. A flash-producing device comprising a
luminescent-discharge device, a condenser, a
discharge circuit including said condenser and
said luminescent-discharge device, a second dis-
charge device, a charging circuit for said con-
dencser including a source of direct current, the
second discharge device being disposed between
the source of direct current and the luminescent-
discharge device, means including an auxiliary
circuit connected to said charging circuit for
causing said condenser to be charged, and means
for subsequently causing said condenser to dis-
charge through said luminescent-discharge de-
vice.

12. A flash-producing device comprising a
luminescent-discharge device having a control
electrode, a condenser, a discharge circuit in-
cluding said condenser and said luminscent-dis-
charge device, an electron-discharge device hav-
ing a control grid, a charging circuit for said
condenser including a source of energy and said
electron-discharge device, a transformer having
a primary winding and a secondary winding con-
nected to the control electrode, and means for
causing said condenser to discharge through
said luminescent-discharge device, said means
including means for causing a surge of current
to flow through the primary winding of the
transformer.

13. A flash-producing device comprising a cir-
cuit including a condenser and a gaseous-dis-
charge device having a starting electrode, a
transformer having a primary winding and a
substantially damped secondary winding con-
nected to said starting electrode, and means for
causing current to travel through said device,
said means including means for causing a surge
of current to flow through the primary winding
of the transformer.

14, A flash-producing dev1ce comprising a
gaseous~electric-discharge device having a con-
trol grid, a transformer having a primary wind-
ing and a secondary winding connected to said
control grid, an impedance connected in parallel
with the secondary winding to damp it, and
means for causing current to travel through said
discharge device, said means including means for
causing a surge of current to flow through the
primary winding of the transformer.

15. In apparatus for producing electrical en-
ergy flashes, a condenser, a direct-current source
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of potential for charging the condenser, means
for charging the condenser to a predetermined
potential highér than the potential of the energy
source, said means comprising an inductance and
an electric check valve connected in series cir-
cuit with the energy source and with the con-
denser, and means for discharging the condenser
at selected intervals.

16. In flash producing apparatus, a gaseous-
conductor device having at least three electrodes
of the type in which an electric discharge between
two main electrodes may be initiated by changing
the potential of the third electrode, a condenser
shunted across the main electrodes, means for
charging said condenser comprising a source of
direct current, an inductance and an electric
check valve connected in series, and means for

varying the potential of said third electrode to.

cause said condenser to discharge through said
device. _

17. In flash producing apparatus, a trigger
tube flashing device, a condenser shunted across
two electrodes of said device, means for charging
the condenser comprising a source of direct cur-

rent and an electric check valve and an induct- .

ance forming with the condenser an oscillating
circuit, and means for applying a discharge
initiating stimulus to said trigger tube to cause
said condenser to discharge through said device.

18. In apparatus for producing substantially :

uniform electric energy flashes, a condenser,
means for charging the condenser, comprising a
source of direct current and a conductor having
resistance and inductance of such magnitude

relative to the capacity of the condenser that the .

charging circuit is an oscillating circuit, such
means being adapted to develop a maximum con-
denser voltage not substantially higher than the
condenser voltage which exists at the instant
immediately preceding the discharge of the con-
denser and means for discharging the condenser
at selected intervals.

19. In flash producing apparatus, a gaseous
conductor device having at least three electrodes
of the type in which an electric discharge be-
tween two main electrodes may be initiated by
changing the potential of the third electrode, a
condenser shunted across the main electrodes,
means for charging said condenser comprising an
oscillating circuit which includes a source of cur-
rent, an inductance and an electric check valve
connected in series with said condenser, and
means for varying the potential of said third
electrode to cause said condenser to discharge
through said device.

20. An electric system comprising a gaseous-
electric-discharge device having a control grid,
a transformer having a primary winding and a
secondary winding connected to said control grid,
an impedance connected in parallel with the sec-
ondary winding to damp it, and means for causing
current to travel through said discharge device,
said means including means for causing a surge
of current to flow through the primary winding
of the transformer, :

21. A light-flash producer having, in combina-
tion, a luminescent-discharge lamp having an
anode and a cathode, a condenser, means con-
necting the condenser to the anode and the cath-
ode to provide a discharge circuit including the
cor.denser and the lamp, an inductance, a gas~
filled rectifier, a charging circuit for the con-
denser including a source of direct current, the
inductance and the rectifier connected in series,
" and means for impressing an impulse to cause
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the condenser to discharge suddenly into the dis-
charge circuit and between the anode and the
cathode through the lamp, thereby to produce
a flash of light. ’

22. A light-flash producer having, in combina-
tion, a luminescent-discharge lamp having an
anode and a cathode, a condenser, means con-
necting the condenser to the anode and the cath-
ode to provide a discharge circuit including the
condenser and the lamp, a rectifier having a con-
trol electrode, a charging circuit for the con-
denser including the rectifier, means controlled
by the control electrode for controlling the time
at which the condenser commences to charge,
and means for causing the condenser to discharge
into the discharge circuit and between the an-
ode and the cathode through the lamp.

23. A light-flash producer having, in combina-
tion, a luminescent-discharge lamp having an an-
ode and a cathode, a source of direct-current
energy, a condenser, a rectifier, a charging cir-
cuit for the condenser including the source and
the rectifier, and means for producing successive
sudden discharges of the condenser to produce
between the anode and the cathode through the
lamp successive sudden surges of energy, each
energy surge of duration short compared to the
time between the successive condenser discharges,
thereby to produce in the lamp successive well
defined light flashes of high intensity.

24, A light-flash producer having, in combina-
tion, a luminescent-discharge lamp having an an-
ode and a cathode, a condenser, a rectifier, a
charging circuit for the condenser including the
rectifier, a second rectifier, and means controlled
by the second rectifier for producing successive
sudden discharges of the condenser to produce
between the anode and the cathode through the
lamp successive sudden surges of energy, each
energy surge of duration short compared to the
time between the successive condenser discharges,
thereby to produce in the lamp successive well
defined light flashes of high intensity.

25. A light-flash producer having, in combina-
tion, -a normally non-conducting luminescent-
discharge lamp, a condenser, an inductance, an
electric check valve, means for charging the con-
denser comprising the inductance and the elec-
tric check valve connected in series circuit with
a source of direct-current energy and with the
condenser, a discharge circuit into which the con-
denser may be discharged, the discharge circuit
including the condenser and the lamp, and means
for producing in the discharge circuit at selected
intervals successive sudden discharges of the con-
denser each of duration short compared to the
ime between successive discharges.

26. In flash producing apparatus, a gaseous
conductor device having at least three electrodes
of the type in which an electric discharge between
two main electrodes may be initiated by changing
the potential of the third electrode, a condenser
shunted across the main electrodes, means for
charging said condenser comprising a source of
current, an inductance and an electric check valve
connected in series, and means for varying the
potential of said third electrode to cause said
condenser to discharge through said device.

27. An electric system comprising a circuit in-
cluding a condenser and a mercury-pool tube hav-
ing a starting electrode, a transformer having
g primary winding and a substantially damped
secondary winding connected to said starting
electrode, means for charging said condenser, and
means for causing said condenser to discharge
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through said tube, said last-named means in-
cluding means for causing & single surge of cur-
rent to flow through the primary winding of the
transformer. .

28. An electric system comprising a circuit in-
cluding a condenser and & gaseous-electric-dis-
charge device having a control grid, a trans-
former having a primary winding and a sub-
stantially damped secondary winding connected
to said control grid, means for charging said con-
denser, and means for causing said condenser to
discharge through sald discharge device, said
last-named means including means for causing
a single surge of current to flow through the pri-
mary winding of the transformer, R

29. An electric system comprising a circuit in-
cluding a condenser and a gaseous-discharge de-
vice having & starting electrode, a transformer
having s primary winding and a substantially
damped secondary winding connected to said
starting electrode, and means for causing cur-
rent to travel through said device, said means
including mesans for causing a single surge of
current to flow through the primary winding of
the transformer.

30. In apparatus of the character described,
a condenser, a direct-current source of potential
-.for charging the condenser, means for charging
the condenser to a predetermined potential higher
than the potential of the energy source, said
means comprising an inductance and an electric
check ‘valve connected in series circuit with the
energy source and with the condenser, and means
for discharging the condenser at selected inter-
vals,

31, In apparatus of the character described,
a trigger-tube device, & condenser shunted across
two electrodes of said trigger-tube device, a cir-
cuit for charging the condenser comprising a
source of current, an electric check valve, an
inductance and the condenser, the circuit exclu-
sive of the electric check valve being oscillatory,
and means for applylng a discharge-initiating
-stimulus to said trigger-tube device to cause said
condenser to discharge through said trigger-tube
device.

32. In apparatus of the character described, a
gaseous-conductor device having at least three

electrodes of the type in which an electric dis-'

charge between two main electrodes may be
initiated by changing the potential of the third
electrode, a condenser shunted across the main
electrodes, means for charging said condenser
comprising & circuit which includes a source of
current, an inductance and an electric check
valve connected in series with sald condenser, the
circuit exclusive of the electric check valve be-
ing oscillatory, and means for varying the poten-
tial of said third electrode to cause said condenser
to discharge through said device. »

33. In combination with apparatus having a
cathode and an anode and adapted for excita-
tion by electrical impulses, means for exciting
such apparatus comprising a condenser connected
to the cathode and the anode, a source of direct-
current energy for charging the condenser,
means connected in series circuit with the energy
source and with the condenser for charging the
condenser comprising an electric check valve and
an indutance, and means for discharging the con-
denser at selected intervals between the cathode
and the anode to excite the apparatus.

34. An electric system having, in combination,
a gaseous-conductor device having at least three
electrodes of the type in which an electric dis-
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charge between two main electrodés may be inis
tiated by changing the potential of the third
electrode, a condenser shunted across the main
electrodes, a charging circuit for charging said
condenser comprising a source of direct current,
an inductance and an electric check valve con-
nected in series, means for causing the charging
current to flow always in the same direction in
the charging circuit, and means for varying the
potential of said third electrode to cause sald
condenser to discharge through said device.

35. Apparatus for producing electrical-energy
flashes comprising a flashing lamp, a condenser,
a source of potential for charging the condenser,
means connected in series circuit with the energy
source and with the condenser for charging the
condenser comprising an electric check valve and
an inductance, and means for discharging the
condenser into the flashing lamp comprising a
gaseous-discharge device having at least three
electrodes and of the type in which the maximum
potential which can be established between two
main electrodes without appreciable current fiow
therebetween may be controlled by controlling
the potential between one of said main electrodes
and a third electrode, sald condenser-discharge
mesns also including means for impressing a voli-
age impulse between the third electrode and one
of the main electrodes of said gaseous-discharge
device. ' .

36. Apparatus for producing electrical-energy
flashes comprising a flashing lamp, a condenser,
a source of direct-current potential for charging
the condenser, means connected in series circuit
with the energy source and with the condenser
for charging the condenser comprising an elec-
tric check valve and an inductance, and means
for discharging the condenser into the flashing
lamp, the condenser-discharge means compris-
ing a gaseous-discharge device having at least
three electrodes and of the type in which the
maximum potential which can be established be-
tween two main electrodes without appreciable
current flow therebetween may be controlled by
controlling the potential between one of said main
electrodes and a third electrode, and means for
impressing a voltage impulse between the third
electrode and one of the main electrodes of sald
gaseous-discharge device.

37. In combination with apparatus adapted for
excitation by electrical impulses, means for ex-
citing such apparatus comprising a condenser, a
source of energy for charging the condenser,
means connected in series circult with the energy
source and with the condenser for charging the
condenser comprising an electric check valve and
an inductance, means for discharging the con-
denser at selected intervals, and means for con-
veying to the apparatus the voltage impulse which

_occurs at the instant that current ceases to flow

through said electric check valve.

38. An electric system having, in combination,
a condenser, normally non-conductive gaseous-
conductor means through which, when conduc-
tive, the condenser may discharge to produce &
pulse of electric energy, the gaseous-conductor
means having rectifier characteristics enabling
it to conduct appreciable current in one direction
but preventing it from conducting appreciable
current in the opposite direction under predeter-
mined conditions, a eircuit having a source of di-
rect current and a discharge device for charging
the condenser, a discharging circuit for the con-
denser  connected to the gaseous-conductor
mesans, the electrical parameters of the con-
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denser-discharging circuit being such that, if the
gaseous-conductor means were substantially
equally conductive both in the said one direction
and the said opposite direction, the condenser-
discharging circuit would be oscillatory, and
means for applying a condenser-discharge-ini-
tiating stimulus to the gaseous-conductor means
to render the gaseous-conductor means suddenly
conductive in order to effect a sudden discharge
of the condenser through the condenser-dis-
charging circuit and - the gaseous-conductor
means to produce a pulse of electric energy.

39. An electric system having, in combination,
a condenser, normally non-conductive gaseous-
conductor means through which, when conduc-
tive, the condenser may discharge to produce &
pulse of electric energy, the gaseous-conductor
means having rectifier characteristics enabling it
to conduct appreciable current in one direction
but preventing it from conducting appreciable
current in the opposite direction under predeter-
mined conditions, an electron-discharge device
having a control electrode, & circuit having a
source of direct current and including the elec-
tron-discharge device for charging the condenser,
means under the control of the control electrode
for connecting the condenser to the condenser-
charging circuit to charge the condenser from
the source and for disconnecting the condenser
from the condenser-charging circuit after the
condenser has become charged, a discharging cir-
cuit for the condenser connected to the gaseous-
conductor means, the electrical parameters of the
condenser-discharging circuit being such that, if
the gaseous-conductor means were substantially
equaily conductive both in said one direction and
the said opposite direction, the condenser-dis-
charging circuit would be oscillatory, means for
applying a condenser-discharge-initiating stimu-~
lus to the gaseous-conductor means at a time
when the condenser is disconnected from the
condenser-charging circuit to render the gaseous-
conductor means suddenly conductive in order
to effect a sudden discharge of the condenser
through the condenser-discharging circuit and
the gaseous-conductor means to produce a pulse
of electric energy, and means for controlling the
control electrode to maintain the condenser dis-

connected from the condenser-charging circuit

a predetermined time after the discharge of the
condenser. »

40. An electric system having, in combination,
a condenser, normally non-conductive gaseous-
conductor means through which, when conduc-
tive, the condenser may discharge to produce &
pulse of electric energy, the gaseous-conductor
means having rectifler characteristics enabling it
to conduct appreciable current in one direction
put preventing it from conducting appreciable
current in the opposite direction under predeter-
mined conditions, a circuit having a source of di-
rect current for. charging the condenser, means
for connecting the condenser to the condenser-
charging circuit to charge the condenser from the
source and for disconnecting the condenser from
the condenser-charging circuit after the con-
denser has become charged, a discharging circuit
for the condenser connected to the gaseous-con-
ductor means, the electrical parameters of the
condenser-discharging circuit being such that, if
the gaseous-conductor means were substantially
equally conductive both in the said one direction
and the said opposite direction, the condenser-
discharging circuit would be oscillatory, means
for applying s condenser-discharge-initiating
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stimulus to the gaseous-conductor means at 8
time when the condenser is disconnected from
the condenser-charging circuit to render the gase-
ous-conductor means suddenly conductive in
order to effect a sudden discharge of the con-
denser through the condenser-discharging cir-
cuit and the .gaseous-conductor means to pro-
duce a pulse of electric energy, and means for
maintaining the condenser disconnected from the
condenser-charging circuit a predetermined time
after the discharge of the condenser. '

41, An electric system having in combina-
tion, a condenser, normally non-conductive gas-
eous-conductor means through which, when con-
ductive, the condenser may discharge to produce
a pulse of electric energy, a circuit having a
source of direct current for charging the con-
denser, means for connecting the condenser to
the condenser-charging circuit to charge the con-
denser from the source and for disconnecting
the condenser from the condenser-charging cir-
cuit after the condenser has become charged, a
discharging circuit for the condenser connected
to the gaseous-conductor means, means for
applying a-condenser-discharge-initiating stimu-
lus to the gaseous-conductor means at a time
when the condenser is disconnected from the
condenser-charging circuit to render the gas-
eous-conductor means suddenly conductive in
order to effect a sudden discharge of the con-
denser through the condenser-discharging circuit
and the gaseous-conductor means to produce a
pulse of electric energy, and means for maintain-
ing the condenser disconnected from the con-
denser-charging circuit a predetermined time
after the discharge of the condenser, .

42. An electric system having, in combina
tion, a condenser, normally non-conductive gas-
eous-conductor means through which, when con-
ductive, the condenser may discharge to produce
a pulse of electric energy, the gaseous-conductor
means having rectifier characteristics enabling
it to conduct appreciable current in one direction
but preventing it from conducting appreciable
current in the opposite direction under prede-
termined conditions, a circuit having a source of
direct current and a discharge device for charg-
ing the condenser, a discharging circuit for the
condenser connected to the gaseous-conductor
means, the electrical parameters of the condens-
er-discharging circuit being such that, if the
gaseous-conductor means were substantially
equally conductive both in the sald one direction
and the said opposite direction, the condenser-
discharging circuit would be oscillatory, and
means comprising a discharge device for apply-
ing a condenser-discharge-initiating stimulus to
the gaseous-conductor means to render the gas-
eous-conductor means suddenly conductive in
order to effect a sudden discharge of the con-
denser through the condenser-discharging ecir-
cuit and the gaseous-conductor means to produce
a pulse of electric energy.

43, In apparatus for producing pulses of elec-
tric energy, a condenser, means having rectifier
characteristics enabling it to conduct appreciable
current in one direction but preventing it from
conducting appreciable current in the opposite
direction under predetermined conditions, an in-
ductance, a circuit having a source of direct-
current potential and including the means hav-
ing rectifler characteristics and the inductance for
charging the condenser to a predetermined po-
tential higher than the potential of the source, a
discharging circuit for the condenser, and means
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for suddenly discharging the condenser through
the condenser-discharging circuit to produce a
pulse of electric energy.

44, An electric system having, in combina-
tion, normally non-conductive gaseous-conductor
means having at least three electrodes of the type
in which an electric discharge between two main
electrodes may be initiated by changing the po-
tential of the third electrode, a condenser con-
nected to the gaseous-conductor means to dis-
charge through the gaseous-conductor means be-
tween the main electrodes when the gaseous-con-
ductor means is conductive to produce a pulse

‘of electric energy, means having rectifier char-
acteristics enabling it to conduct appreciable cur-
rent in one direction but preventing it from con-
ducting appreciable current in the opposite direc-

tion under predetermined conditions, an induct-

ance, a circuit having a source of direct current
and including the means having rectifier char-
acteristics and the inductance connected to the
gaseous-conductor means in series for charging
the condenser, a discharging circuit for the con-
denser connected to the gaseous-conductor
means, and means for changing the potential of
the third electrode to render the gaseous-con-
ductor means suddenly conductive in order to
effect a sudden discharge of the condenser
through the condenser-discharging circuit and
the gaseous-conductor means between the main
electrodes to produce a pulse of electric energy.

45. An electric system having, in combina-
tion, a condenser, normally non-conductive gas-
eous-conductor means through which, when con-
ductive, the condenser may discharge to produce
a pulse of electric energy, means having rectifier
characteristics enabling it to conduct appreciable
current in one direction but preventing it from
conducting appreciable current in the oppeosite
direction under predetermined conditions, a cir-
cuit having a source of current and including the
means having rectifier characteristics for charg-
ing the condenser, the electrical parameters of
the condenser-charging circuit being such that,
if the means having rectifier characteristics were
substantially equally conductive in both the said
one direction and the said opposition direction,
the condenser-charging circuit would be oscil-
latory, a discharging circuit for the condenser
connected to the gaseous-conductor means, and
means for applying a condenser-discharge-initi-
ating stimulus to the gaseous-conductor means
to render the gaseous-conductor means suddenly
conductive in order to effect a sudden discharge
of the condenser through the condenser-dis-
charging circuit and the gaseous-conductor
means to produce a pulse of electric energy.

46. In apparatus for producing pulses of elec-
tric energy, a condenser, a circuit having a
source of direct current for charging the condens-
er, the electrical parameter of the condenser-
charging circuit being such that the condenser-
charging eircuit is oscillatory, a discharging cir-
cuit for the condenser, and means for suddenly
discharging the ¢ondenser through the condenser-
discharging circuit to produce a pulse of elec-
tric energy. '

47. An electric system having, in combination,
normally non-ccnductive gaseous-conductor
means having at least three electrodes of the type
in which an electric discharge between two main
electrodes may be initiated by changing the po-

- tential of the third electrode, a condenser con-
nected to the gaseous-conductor means to dis-
" charge through the gaseous-conductor means
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between the main electrodes when the gaseous-
conductor means is conductive to produce a
pulse of electric energy, means having rectifier
characteristics enabling it to conduct appreciable
cu:rent in one direction but preventing it from
conducting appreciable current in the opposite
direction under predetermined conditions, g
circuit having a source of direct current and in-
cluding the means having rectifier characteristics
for charging the condenser, the electrical param-
eters of the condenser-charging circuit being such
that, if the means having rectifier characteristics
were substantially equally conductive in both the
sald one direction and the said opposite direction,
the condenser-charging circuit would be oscil-
latory, a discharging circuit for the condenser
connected to the gaseous-conductor means, and
means for changing the potential of the third
electrode to render the gaseous-conductor means
suddenly conductive in order to effect a sudden
discharge of the condenser through the condens-
er-discharging circuit and the gaseous-conductor
means between the main electrodes to produce a
pulse of electric energy.

48. In apparatus for producing pulses of elec-
tric energy, a condenser, normally non-conductive
gaseous-conductor means through which, when
conductive, the condenser may discharge to pro-
duce a pulse of electric energy, means having
rectifier characteristics enabling it to conduct
appreciable current in one direction but prevent-
ing it from conducting appreciable current in the
opposite direction under predetermined condi-
tions, an inductance, a circuit having a source of
direct-current potential and including the means
having rectifier characteristics and the inductance
connected to the gaseous-conductor means for
charging the condenser to a predetermined po-
tential higher than the potential of the source, a
discharging circuit for the condenser connected to
the gaseous-conductor means, and means for ap-
plying a condenser-discharge-initiating stimulus
to the gaseous-conductor means to render the
gaseous-conductor means suddenly conductive in
order-to effect a sudden discharge of the condens-
er through the condenser-discharging circuit and
the gaseous-conductor means to produce a pulse
of electric energy.

49. In apparatus for producing pulses of elec-
tric energy, a condenser, means having rectifier
characteristics enabling it to conduct appreciable
current in one direction but preventing it from
conducting appreciable current in the opposite
direction under predetermined conditions arn in-
ductance, a circuit having a source of direct-cur-
rent potential and including the means having
rectifier characteristies and the inductance for
charging the condenser to a predetermined po-
tential higher than the potential of the source,
the electrical parameters of the condenser-charg-
ing circuit being such that, if the means having
rectifier characteristics were substantially equal-
ly conductive in both the said one direction and
the said opposite direction, the condenser-charg-
ing circuit would be oscillatory, g discharging cir-
cuit for the condenser, a discharge device having
at least three electrodes of a type in which the
maximum potential that can be established be-
tween two principal electrodes without appreci-
able current flow therebetween may be controlled
by controlling the potential of the third electrode,
and means for changing the potential of the third
electrode to effect a sudden discharge of the con-
denser through the condenser-discharging cir-
cuit to produce & pulse of electric energy,
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50. In apparatus for producing pulses of elec-
tric energy, a condenser, means having rectifier
characteristics enabling it to conduct appreciable
current in one direction but preventing it from
conducting appreciable current in the opposite
direction under predetermined conditions, a cir-
cuit having a source of energy and including the
means having rectifier characteristics connected
in series for charging the condenser, the elec-
trical parameters of the condenser—charging cir-
cuit being such that, if the means having rectifier

characteristics were substantially equally con--

ductive in both the said one direction and the said
opposite direction, the condenser-charging cir-
cuit would be oscillatory, a discharging circuit
for the condenser, and means for suddenly dis-
charging the condenser through the condenser-
discharging circuit to produce a pulse of elec-
tric energy.

51. An electric system having, in combination,
normally non-conductive = gaseous-conductor
means having at least three electrodes of the type
in which an electric discharge between two main
electrodes may be initiated by changing the po-
tential of the third electrode, a condenser con-
nected to the gaseous-conductor means to dis-
charge through the gaseous-conductor means be-
tween the main electrodes when the gaseous-con-~
ductor means is conductive to produce a pulse of
electric energy, a circuit having a source of di-
rect current, inductance and resistance for charg-
ing the condenser, the electrical parameters of the
condenser-charging circuit being such that the
condenser-charging circuit is oscillatory, a dis-

charging circuit for the condenser connected to :

the gaseous-conductor means, and means for

changing the potential of the third electrode to :

render the gaseous-conductor means suddenly
conductive in order to effect a sudden discharge
of the condenser through the condenser-dis-
charging circuit and the gaseous-conductor
means between the main electrode to produce &
pulse of electri¢ energy. )

52. A light-flash producer having, in combi-
nation, a condenser, normally non-conductive
gaseous-conductor means through which, when
conductive, the condenser may discharge to pro-
duce a light flash of substantial illumination in-
tensity, means having rectifier characteristics en-
abling it to conduct appreciable current in one
direction but preventing it from conducting ap-
preciable current in the opposite direction under
predetermined conditions, a circuit having a
source of current and including the means hav-
ing rectifier characteristics for charging the con-
denser, the electrical parameters of the condens-
er-charging circuit being such that, if the means
having rectifier characteristics were substantially
equally conductive in both the said one direction
and the said opposite direction, the condenser-
charging circuit would be oscillatory, a discharg-
ing circuit for the condenser connected to
the gaseous-conductor means, and means for ap-
plying a condenser-discharge-initiating stimulus
to the gaseous-conductor means to render the
gaseous-conductor means suddenly conductive in
order to effect a sudden discharge of the condenser
through the condenser-discharging circuit and
the gaseous-conductor means to produce a light
flash of substantial illumination intensity.

53. A licht-flash producer having, in combina-
tion, normally non-conductive gaseous-conduc-
tor- means, having at least three electrodes of
the type in which an electric discharge between
two main electrodes may be initiated by changing
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the potential of the third electrode, a condenser
connected to the gaseous-conductor means to dis-
charge through the gaseous-conductor means be-
tween the main electrodes when the gaseous-con-
ductor means is conductive to produce a light
flash of substantial llumination intensity, means
having rectifier characteristics enabling it to con-
duct appreciable current in one direction but pre-
venting it from conducting appreciable current in
the opposite direction under predetermined con-
ditions, an inductance, a circuit having a source
of direct current and including the means having
rectifier characteristics and the inductance con-
nected to the gaseous-conductor means in series
for charging the condenser, a discharging circuit
for the condenser connected to the gaseous-con-
ductor means, and means for changing the poten-
tial of the third electrode to render the gaseous-
conductor means suddenly conductive in order to
effect a sudden discharge of the condenser
through the condenser-discharging circuit and
the gaseous-conductor means between the main
electrodes to produce a light flash of substantial
illumination intensity. :

54. A light-flash producer having, in combina-
tion, normally non-conductive gaseous-conductor
means having at least three electrodes of the
type in which an electric discharge between two
main electrodes may be initiated by changing the
potential of the third electrode, a condenser con-
nected to the gaseous-conductor means to dis-
charge through the gaseous-conductor means be-
tween the main electrodes when the gaseous-
conductor means is conductive to produce a light
flash of substantial illumination intensity, a cir-
cuit having a source of direct current connected
to the gaseous-conductor means for charging the
condenser, the electrical parameters of the con-
denser-charging cireuit being such that the con-
denser-charging circuit is oscillatory, a discharg-
ing circuit for the condenser connected to the
gaseous-conductor means, and means for chang-
ing the potential of the third electrode to render
the gaseous-conductor means suddenly conduc-
tive in order to effect a sudden discharge of the
condenser through the condenser-discharging
circuit and the gaseous-conductor means between
the main electrodes to produce a light flash of
substantial illumination intensity.

55. An electric system having, in combination,
a condenser, a load through which the condenser
may discharge to produce a pulse of electric en-
ergy therein, the load having two electrodes, a
normally non-conductive gaseous-conductor de-
vice having two principal electrodes and a con-
trol electrode, a conductor connecting one of the
principal electrodes to one of the load electrodes,
conductors connecting the other principal elec-
trode and the other load electrode to the con-
denser, a circuit having a source of direct current
and a discharge device for charging the condenser
to a voltage of magnitude insufficient to effect a
discharge of the condenser through the gaseous-
conductor device between the principal electrodes
and through the load between the load electrodes
when the gaseous-conductor device is non-con-
ductive but sufficient to effect a discharge of the
condenser through the gaseous-conductor device
between the principal electrodes and through the
load between the load electrodes to produce a
pulse of electric energy in the load when the
gaseous-conductor device is conductive, and a trip
circuit comprising a second discharge device,
means for connecting the second discharge device

75 to the control electrode, means for impressing an
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impulse upon the second discharge device, means
controlied by the second discharge device in re-
sponse to the impulse for producing a sudden
violent electrical transient impulse, and means
for transmitting the transient impulse to the con-
trol electrode to render the gaseous-conductor
device suddenly conductive in order to effect a
discharge of the condenser through the gaseous~
conductor device between the principal electrodes
and through the load between the load electrodes
to produce a pulse of electric energy in the load.

56. A light-flash producer having, in combina-
tion, a condenser, a gaseous-conductor lamp
“through which the condenser may discharge to
produce & light flash of substantial illumination
inténsity, the lamp having two electrodes, a nor-
mally non-conductive gaseous-conductor device
having two principal electrodes and a control
electrode, a conductor connecting one of the prin-
cipal electrodes to one of the lamp electrodes,
conductors connecting the other prineipal elec-
trode and the other lamp electrode to the con-
denser, a circuit having a source of direct current
and a discharge device for charging the condenser
to a voltage of magnitude insufficient to effect a
discharge of the condenser through the gaseous-

conductor device between the principal electrodes

and through the lamp between the lamp elec-
trodes when the gaseous-conductor device is non-
conductive but sufficient to.effect a discharge of
the condenser through the gaseous-conductor de-
vice between the principal electrodes and through
the lamp between the lamp electrodes to produce
a light flash when the gaseous-conductor device
is conductive, and a trip circuit comprising a sec~
ond discharge device, means for connecting the
second discharge device to the control electrode,
means for impressing an impulse upon the second
discharge device, means controlled by the second
discharge device in response to the impulse for
producing a sudden violent electrical transient
impulse, and means for transmitting the transient
impulse to the control electrode to render the
gaseous-conductor device suddenly conductive in
order to effect a discharge of the condenser
through the gaseous-conductor device between
the principal electrodes and through the lamp
between the lamp electrodes to produce a light
flash of substantial illumination intensity.

57. A light-flash producer having, in combina-
tion, a condenser, normally non-conductive gas-
eous-conductor means through which, when con-
ductive, the condenser may discharge to produce
g light flash of substantial illumination intensity,
means having rectifier characteristics enabling it
to conduct appreciable current in one direction
but preventing it from conducting appreciable
current in the opposite direction under predeter-
mined conditions, an inductance, a circuit having
8 source of direct-current potential and includ-
ing the means having rectifier characteristics
and the inductance connected to the gaseous-
conductor means for charging the condenser to a
potential higher than the potential of the source,
a discharging circuit for the condenser connected
to the gaseous-conductor means, and .means for
applying a condenser-discharge-initiating stim-
ulus to the gaseous-conductor means to render
the gaseous-conductor means suddenly conduc-
" tive in order to effect a sudden discharge of the
condenser through the condenser-discharging
circuit and the gaseous-conductor means to pro-
duce a light flash of substantial illumination
intensity.

58. In apparatus for producing light flashes of .

substantial {llumination intensity, a condenser,
means having rectifler characteristics enabling it
to conduct appreciable current in one direction
but preventing it from conducting appreciable
5 current in the opposite direction under predeter-
mined conditions, a circuit having a source of
direct current and including the means having
rectifier characteristics for charging the con-
denser, the electrical parameters of the condens-
er-charging circuit being such that, if the means
having rectifier characteristics wete substantially
equally conductive in both the said one direc-
tion and the said opposite direction, the con-
denser-charging circuit would be oscillatory, a
discharging circuit for the condenser, and means
for suddenly discharging the condenser through
the condenser-discharging circuit to produce &
light flash of substantial illumination intensity.
69. A light-flash producer having, in combina-
tion, normally non-conductive gaseous-conductor
means having at least three electrodes of the type
in which an electric discharge between two main
electrodes may be initiated by changing the po-
tential of the third electrode, a condenser con-
nected to the gaseous-conductor means to dis-
charge through the gaseous-conductor means
between the main electrodes when the gaseous-
conductor means is conductive to produce a light
flash of substantial illumination intensity, means
having rectifier characteristics enabling it to con-
duct appreciable current in one direction but pre-
venting it from conducting appreciable current in
the opposite direction under predetermined con-
ditions, a circuit having a source of current and
35 including the means having rectifier characteris-
tics for charging the condenser, the electrical
parameters of the condenser-charging -circuit
being such that, if the means having rectifier
characteristics were substantially equally con-
ductive in both the said one direction and the said
opposite direction, the condenser-charging cir-
cuit would be oscillatory, a discharging circuit for
the condenser connected to the gasecus-conduc-
tor means, and means for changing the potential
of the third electrode to render the gaseous-con-
ductor means suddenly conductive in order to ef-
fect a sudden discharge of the condenser through
the condenser-discharging ecircuit and the gas-
eous-conductor means between the main elec-
50 trodes to produce & light flash of substantial i1-
lumination intensity.

60. An electric system having, in combination,
a condenser, a load through which the condenser
may discharge to produce & pulse of electric en-

55 ergy therein, a normally non-conductive gaseous-
conductor device, a circuit having a source of
direct current and a discharge device for charg-
ing the condenser, means whereby the condenser
is charged by the condenser-charging ecirciit

60 from the source without producing a substantial
pulse in the load during the charging of the con-
denser, a discharging circuit for the condenser
connected to the gaseous-conductor device and
the load, and means for applying a condenser-

65 discharge-initiating stimulus to the gaseous- -
conductor device to render the gaseous-conductor
device suddenly conductive In order to effect a
sudden discharge of the condenser through the
condenser-discharging circuit and the gaseous-

70 conductor device and the load to produce a pulse
of electric energy in the load.

61. A light-flash producer having, in combina-
tion, a condenser, a gaseous-conductor lamp
through which the condenser may discharge to

75 produce & light flash of substantial illumination
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intensity, & normally non-conductive gs‘s.seous‘-
conductor device, a circuit having a source of di-
rect current and a discharge device for charging
the condenser, a discharging circuit for the con-
denser connected to the gaseous-conductor device
and the lamp, and means for applying a condens-

er-discharge-initiating stimulus to the gaseous- )

conductor device to render the gaseous-conductor
device suddenly conductive in order to effect a
sudden discharge of the condenser through ‘the
condenser-discharging circuit and the gaseous-
conductor device and the lamp to produce a light
flash of substantial illumination intensity.

62. An electric system having, in combination,
a condenser, a load through which the condenser
may discharge to produce a pulse of electric en-
ergy, a normally non-conductive gaseous-conduc-
tor device, the gaseous-conductor device having

~ rectifier characteristics enabling it to conduct ap-

preciable current in one direction but preventing
it from conducting appreciable current in the
opposite direction under predetermined condi-
tions, a circuit having a source of direct current
and a discharge device for charging the condens-
er, a discharging circuit for the condenser con-
nected to the gaseous-conductor device and the
load, the electrical parameters of the condenser-
discharging circuit being such that, if the gas-
eous-conductor device were substantially equally
conductive both in the said one direction and
the said opposite direction, the condenser-dis-
charging circuit would be oscillatory, and means
for applying a condenser-discharge-initiating
stimulus to the gaseous-conductor device to ren-
der the gaseous-conductor device suddenly con-
ductive in order to effect-a sudden discharge of
the condenser through the condenser-discharg-
ing circuit and the gaseous-conductor device and
the load to produce a pulse of electric energy in
the load. ) '

20

30

source, a discharging circuit for the condenser
éonnected to the gaseous-conductor means, means
for applying - & condenser-discharge-initiating
stimulus to the gaseous-conductor means to ren- '
der the gaseous-conductor means suddenly con-
ductive in order to effect a sudden discharge of
the condenser through the condenser-discharging
circuit and the gaseous-conductor means to pro-
diuce a pulse of electric energy, and means for
rendering the condenser-charging circuit ineffec-
tive to charge the condenser a predetermined
time after the discharge of the condenser..

65. An electric system having, in combination,
a condenser, normally non-conductive gaseous-
conductor means through which, when conduc-
tive, the condenser may discharge to produce &
pulse of electric energy, an electron-discharge
device having a control electrode, a circuit having
a source of energy and including the electron-
discharge device for charging the condenser,

" means under the control of the control electrode
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" 63. A light-flash producer having, in combina- .

tion, a condenser, a gaseous-conductor lamp for
producing light flashes of substantial illumina-
tion intensity, a normally non-conductive gase-
ous-conductor device, the gaseous-conductor de-
vice having rectifier characteristics enabling it
to conduct appreciable current in one direction
but preventing it from conducting appreciable
current in the opposite direction under predeter-
mined conditions, a eircuit having a source of
direct current and a discharge device for charging
the condenser, a discharging circuit for the con-
denser connected to the gaseous-conductor device
and the lamp, the electrical parameters of the
condenser-discharging circuit being such .that, if
the gaseous-conductor device were substantially
equally conductive both in the said one direction
and the said opposite direction, the condenser-
‘discharging circuit would be osciilatory, and
means for applying a condenser-discharge-initi-
ating stimulus to the gaseous-conductor ‘device to
render the gaseous-conductor device suddenly
conductive in order to effect a sudden discharge
of the condenser through the condenser-discharg-
ing circuit and the gaseous-conductor device and
the lamp to produce a light flash of substantial
illumination intensity. :

64. An electric system having, in combination,
a condenser, normally non-conductive gaseous-
conductor means through which, when conduc-
tive, the condenser may discharge to produce a
pulse of electric energy, & circuit having a source
of direct current for charging the condenser,
means for rendering the condenser-charging cir-
cuit effective to charge the condenser from the

for connecting the condenser to the condenser-
charging circuit to charge the condenser from
the source and for disconnecting the condenser
from the condenser-charging circuit after the
condenser has become charged, a discharging cir-
cuit for the condenser connected to the gaseous-
conductor means, means for applying a con-
denser-discharge-initiating stimulus to the gase-
ous-conductor means at a time when the con-
denser is disconnected from the condenser-
charging circuit to render the gaseous-conductor
means suddently conductive in order to effect a
sudden discharge of the condenser through the
condenser-discharging circuit and the gaseous-
conductor means to produce a pulse of electric
energy, and means for controlling the control
electrode to maintain the condenser disconnected
from the condenser-charging circuit a predeter-
mined time after the discharge of the condenser.

66. An electric system having, in combination,

- a condenser, a load through which the condenser
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may discharge to produce a pulse of. electric en-
ergy therein, the load having two electrodes, a nor-

5 mally non-conductive gaseous-conductor tube

having two principal electrodes and a control

electrode, a conductor connecting one of -the prin-

cipal electrodes to one of the load electrodes, con-

ductors connecting the other principal electrode

and the other load electrode to the condenser,
a circuit having a source .of direct current and a

rectifier for charging the condenser, a discharg-

ing circuit for thHe condenser connected to the

gaseous-conductor tube and the load, and means .
for . applying a condenser-discharge-initiating

stimulus to the gaseous-conductor tube to render

the gaseous-conductor tube suddenly conductive

in order to effect a sudden discharge of the con-

denser through the condenser-discharging circuit

and through the gaseous-conductor tube between

the principal electrodes and through the load be-

tween the load electrodes to produce a pulse of

electric energy in the load.

67. A light-flash producer having, in combina-
tion, a condenser, a lamp through which the con-
denser may discharge to produce a light flash of
substantial illumination intensity, the lamp hav-
ing two electrodes, a normally non-conductive
gaseous-conductor tube having two principal elec-
trodes and a control electrode, a conductor con-
necting one of the principal electrodes to one of
the lamp electrodes, conductors connecting the
other principal electrode and the other lamp elec-
trode to the condenser, a circuit having a source
of direct current and a rectifier for charging the
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condenser, & discharging circuit for the eondenser
connected to the gassous-conductor tube and the
lamp, and means for spplving & condenser-dis-
charge-initiating stimulus {¢c the gasesus-con-
ductor tube to render the gaseous-conductor jube
suddenly conductive in order to effect a sudden
discharge of the condenser through the con-
denser-discharging circuit and through the gase-
ous-conductor tube hetween the principal elec-
trodes and through the lamp beiween the lamp
electrodes to produce & flash of light of substan-
tial illumination intensity.

68. An electric system having, in combination,
& condenser, means for charging the condenser,
normally non - conductive gaseous - conductor
means through which, when conductive, the con-
denser may discharge to produce pulses of elec-
tric energy, a discharging circuit for the condenser
connected to the gaseous-conductor means, means
for periodically applying a condenser-discharge-
initiating stimulus . to the gaseous-conductor
means to render the gaseous-conductor means
suddenly conductive periodically in order to effect
periodic sudden discharges of the condenser
through the condenser-discharging circuit and
the gaseous-conductor means to produce pulses
of electric energy, and means whereby the means
for periodically applying the condenser-discharge-
initiating stimulus- operates during times short
compared to the intervals between successive dis-
charges of the condenser.

69. An electric system having, in combination, a
condenser, means for discharging the condens-
er, normally non-conductive gaseous-conductor
means through which, when conductive, the con-
denser may discharge to produce pulses of eleciric
energy having two principal electrodes and a con-
trol electrode, a discharging circuit for the con-
denser connected to the gaseous-conductor means,
means for periodically modifying the potential of
the control electrode to render the gaseous-con-
ductor means suddenly conductive periodically in
order to effect periodic sudden discharges of the
condenser through the condenser-discharging
circuit and the gaseous-conductor means between
the principal electrodes to produce pulses of elec-
tric energy, and means whereby the modifying
means operates to modify the potential of the
control electrode during times short compared to
the intervals between successive discharges of the
condenser. ’ ’

70. A light-flash producer having, in combina-
tion, a condenser, means for charging the con-
denser, normally non-conductive gaseous-conduc-
-tor means through which, when conductive, the
condenser may discharge to produce light flashes
of substantial illumination intensity, a discharging
circuit for the condenser connected to the gas-
eous-conductor means, means for periodically ap-
plying a condenser-discharge-initiating stimulus
to the gaseous-conductor means to render the
gaseous-conductor means suddenly conductive
periodically in order to effect periodic sudden dis-
charges of the condenser through the condenser-
discharging circuit and the gaseous-conductor
means to produce light flashes of substantial il-
lumination intensity, and means whereby the
means for periodically applying the condenser-
discharge-initiating stimulus operates during
times short compared to the intervals between
successive discharges of the condenser.

71. A light-flash producer having, in combina-
tion, a condenser, means for charging the con-
denser, normally non-conductive gaseous-con-
ductor means through which, when conductive,
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the condenser may discharge to produce light
flashes of substantial illumination intensity hav-
ing two principal electrodes and a control elec-
trode, & discharging circuit for the condenser con-
nected to the gaseous-conductor means, means
for periodically modifying the potential of the
control electrode to render the gaseous-conductor
means suddenly conductive periodically in order
to eifect periodic sudden discharges of the con-
denser through the condenser-discharging circuit
and the gaseous-conductor means between the
principal electrodes to produce light flashes of
substantial illumination intensity, and means
whereby the modifying means operates to modify
the potential of the control electrode during times
short compared to the intervals between successive
discharges of the condenser.

72, An electric system having, in combination,
a condenser, a load through which the condenser
may discharge to produce a pulse of electric energy
therein, a normally non-conductive gaseous-con-
ductor device having rectifier characteristics en-

. abling it to conduct appreciable current in one di-

25

30

38

850

85

60

70

(]

rection but preventing it from conducting appre~
ciable current in the opposite direction under pre-
determined conditions, a circuit having a source
of direct current for charging the condenser, a
discharging circuit for the condenser connected to
the gaseous-conductor device and the load, the
electrical parameters of the condenser-discharg~

Ing circuit being such that, if the gaseous-con- .

ductor device were substantially equally conduc-
tive both in the said one direction and the said
opposite direction, the condenser-discharging
circuit would be oscillatory, and means for apply-
Ing & condenser-discharge-initiating stimulus to
the gaseous-conductor device to render the gas-
eous-conductor device suddenly conductive in
order to effect a sudden discharge of the condenser
through the condenser-discharging circuit antl
the gaseous-conductor device and the load to pro-
duce a pulse of electric energy in the load.

73. A light-flash producer having, in combina-
tion, a condenser, a lamp through which the con-
denser may discharge to produce a light flash of
substantial illumination intensity, a normally
noi.-conductive gaseous-conductor device having
rectifier characteristics enabling it to conduct ap-
preciable current in one direction but preventing
it from conducting appreciable current in the op-
posite direction under predetermined conditions,
& circuit having a source of direct current for
charging the condenser, a discharging circuit for
the condenser connected to the gaseous-conductor
device and the lamp, the electrical parameters of
the condenser-discharging cireuit being such that,
if the gaseous-conductor device were sybstantially
equally conductive both in the said one direction
and the said opposite direction, the condenser-
discharging circuit would be oscillatory, . and
means for applying a condenser-discharge-initiat-
ing stimulus to the gaseous-conductor device to
render the gaseous-conductor device suddenly
conductive in order to effect a sudden discharge of
the condenser through the con—denser-‘discharging
circuit and the gaseous-conductor device and the
lamp to produce a light flash of substantial illu-
mination intensity. . -

74. An electric system having, in combination,
a condenser, a load through which the condenser
may  discharge to produce a pulse of electric
energy therein, a normally non-conductive

-gaseous-conductor device, a circuit having a

source of direct current for charging the con-
denser, the electrical parameters of the con-
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denser-charging circuit being such that the con-
denser-charging circuit is oscillatory, a discharg-
ing circuit for the condenser connected to the
gaseous-conductor device and the load, and means
for applying a condenser-discharge-initiating
stimulus to the gaseous-conductor device to
render the gaseous-conductor device suddenly
conductive in order to effect a sudden discharge
of the condenser through the condenser-discharg-

ing circuit and the gaseous-conductor device and

the load to produce a pulse of electric energy.
75. An electric system having, in combination,
“a condenser, a load through which the con-
denser may discharge to produce a pulse of elec-
tric energy therein, a normally non-conductive
gaseous-conductor device having two principal
electrodes and a control electrode, means having
rectifier characteristics enabling it to conduct
appreciable current in one direction between the
principal electrodes but preventing it from con-
ducting appreciable current in the opposite di-
rection under predetermined conditions, a circuit
having a source of direct current and including
the means having rectifier characteristics for
charging the condenser, the electrical parameters
of the condenser-charging circuit being such
that, if the means having rectifier characteristics
were substantially equally conductive both in the
said one direction and the said opposite direction,
the condenser-charging circuit would be oscilla-
tory, a discharging circuit for the condenser con-
nected to the gaseous-conductor device and the
load, and means for applying a condenser-dis-
charge-initiating stimulus to the control electrode
to render the gaseous-conductor device suddenly
conductive in order to effect a sudden discharge
of the condenser through the condenser-discharg-
ing circuit and the gaseous-conductor device be-
tween the principal electrodes and the load to
produce a pulse of electric energy in the load.
76. A light-flash producer having, in combina-
tion, a condenser, a lamp through which the con-
denser may discharge to produce a light flash
of substantial illumination intensity, a normally
non-conductive gaseous-conductor device, a cir-
cuit having a source of direct current for charg-
ing the condenser, the electrical parameters of
the condenser-charging circuit being such that
the condenser-charging circuit is oscillatory, a

discharging circuit for the condenser connected ¢

to the gaseous-conductor device and the lamp,
and means for applying a condenser-discharge-
initiating stimulus to the gaseous-conductor de-
vice to render the gaseous-conductor device sud-
denly conductive in order to effect a sudden dis-
charge of the condenser through the condenser-
discharging circuit and the gaseous-conductor de-
vice and the lamp to produce a light flash of sub-
stantial illumination intensity.

77. A light-flash producer having, in combina-
tion, a condenser, a lamp through which the con-
denser may discharge to produce a light flash of
substantial illumination intensity, a normally
non-conductive gaseous-conductor device having
two principal electrodes and a control electrode,
means having rectifier characteristics enabling it
to conduct appreciable current in one direction
between the principal electrodes but preventing it
from conducting appreciable current in the op-
posite direction under predetermined conditions,
a circuit having a source of direct current and in-
cluding the means having rectifier characteristics
for charging the condenser, the electrical param-
eters of the condenser-charging circuit being such
that, if the means having rectifier characteristics'
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were substantially equally conductive both in the
said one direction and the said opposite direction,
the condenser-charging circuit would be -oscil-
latory, a discharging circuit for the condenser
connected to the gaseous-conductor device and
the lamp, and means for applying a condenser-
discharge-initiating stimulus to the control elec-
trode to render the gaseous-conductor device sud-
denly conductive in order to effect a sudden dis-
charge of the condenser through the condenser-
discharging circuit and the gaseous-conductor de-
vice between the principal electrodes and the
lamp to produce a light flash of substantial illumi-
nation intensity.

78. An electric system having, in combination,
a condenser, & load through which the condenser
may discharge to produce s pulse .of electric
energy therein, a normally non-conductive
gaseous-conductor. device, a circuit having a
source of energy for charging the condenser,
means for connecting the condenser to the con-
denser-charging circuit to charge the condenser
from the source. and for disconnecting the con-
denser from the condenser-charging circuit after
the condenser has become charged, a discharging
circuit for the condenser connected to the gaseous-
conductor device and the load, means for apply-
ing a condenser-discharge-initiating stimulus to
the gaseous-conductor device at a time when the
condenser is disconnected from the condenser-
charging circuit to render the gaseous-conductor
device suddenly conductive in order to effect a
sudden discharge of the condenser through the
condenser-discharging circuit and the gaseous-
conductor device and the load to produce a pulse
of electric energy in the load, and means for
maintaining the condenser disconnected from the
condenser-charging circuit a predetermined time
after the discharge of the condenser.

79. A light-flash producer having, in combina-
tion, a condenser, a lamp through which the
condenser may discharge to produce a light flash
of substantial illumination intensity, a normally
non-conductive gaseous-conductor device having
two principal electrodes and a control electrode,
a circuit having a source of energy for charging
the condenser, means for connecting the con-
denser - to the condenser-charging circuit to
charge the condenser from the source and for
disconnecting the condenser from the condenser-
charging circuit after the condenser has become
charged, a discharging circuit for the condenser
connected to the gaseous-conductor device and
the lamp, means for applying a condenser-dis-
charge-initiating stimulus to. the ‘gasecus-con-
ductor device at a time when the condenser -is
disconnected from the condenser-charging circuit
to render the gaseous-conductor device suddenly
conductive in order to effect a sudden discharge
of the condenser through the condenser-dis~
charging circuit and the gaseous-conductor de-
vice between the principal electrodes and the.
lamp to produce a light flash of substar:hial
illumination intensity, and means for maintain-
ing the condenser disconnected from the con- -
denser-charging circuit a predetermined time
after the discharge of the condenser.

80. An electric system having, in combination,
a condenser, means for charging the condenser,
a load through which the condenser may dis-
charge to produce pulses of electric energy there-
in, a normally non-conductive gaseous-conductor
device having two principal electrodes and a con-
trol electrode, a discharging circuit for the con-
denser connected to the gaseous-conductor de-
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vice and the load, means for periodically modify-
ing the potential of the control electrode to ren-
der the gaseous-conductor device suddenly con-~
ductive periodically in order to effect periodic
sudden discharges of the condenser through the
condenser-discharging circuit and the gaseous-
conductor device between the principal electrodes
and the load to produce pulses of electric energy
in the load, and means whereby the modifying
means operates to modify the potential of the
control electrode during times short compared to
the intervals bhetween successive discharges of
the condenser.

81. A light-flash producer having, in combina-
tion, a condenser, means for charging the con-
denser, a lamp through which the condenser may
discharge to produce light flashes of substantial
illumination intensity, a normally non-conduc-
tive gaseous-conductor device, a discharging cir-
cuit for the condenser connected to the gaseous-
conductor device and the lJamp, means for peri-
odically applying a condenser-discharge-initiat-
ing stimulus to the gaseous-conductor device to
render the gaseous-conductor device suddenly
conductive periodically in order to effect periodic
sudden discharges of the condenser through the
condenser-discharging circult and the gaseous-
conductor device and the lamp to produce light
flashes of substantial ilumination intensity,
and means whereby the means for periodically
applying the condenser-discharge-initiating stim-
ulus operates during times short compared to the
intervals between successive discharges of the
condenser. .

82. An electric system having, in combination,
a condenser, & load through which the condenser
may discharge to produce pulses of electric ener-
gy therein, a normally non-conductive gaseous-
conductor device having two principal electrodes
and a control electrode having rectifier character-
istics enabling it to conduct appreciable current
in one direction between the principal electrodes
but preventing it from conducting appreciable
current in the opposite direction under predeter-
mined conditions, a discharging circuit for the
condenser connected to the gaseous-conductor
device and the load, the electrical parameters of
the condenser-discharging circuit being such
that, if the gaseous-conductor device were sub-
stantially equally conductive both in the said
one direction and the said opposite direction,
the condenser-discharging circuit would be
oscillatory, means having rectifier characteristics
enabling it to conduct appreciable current in one
direction but preventing it from conducting ap-
preciable current in the opposite direction under
predetermined conditions, a circuit having a
source of direct current and including the means
having rectifier characteristics for charging the
condenser, the electrical parameters of the con-
denser-charging circuit being such that, if the
means having rectifier characteristics were sub-
stantially equally conductive both in the said one
direction and the said opposite direction. of the
means having rectifier characteristics, the con-
denser-charging circuit would be . oscillatory,
means for periodically modifying the potential
of the control electrode to render the gaseous-
conductor device suddenly conductive periodi-
cally in order to effect periodic sudden discharges
of the condenser through the condenser-dis-
charging circuit and the gaseous-conductor de-
vice between the principal electrodes and the
load to produce pulses of electric energy in the
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load, and means whereby the modifying means
operates to modify the potential of the control
electrode during times short compared to the in-
tervals between successive discharges of the con-
denser.
83. A light-flash producer having, in combina-

- tion, a condenser, a lamp through which the con-

denser may discharge to produce light flashes of
substantial illumination intensity, a normaslly
non-conductive gaseous-conductor device having
rectifier characteristics enabling it to conduct ap-~

- preciable current in one direction but preventing

15

20

25

30

35

45

50

it from conducting appreciable current in the op-
posite direction under predetermined conditions,
a discharging circuit for the condenser connected
to the gaseous-conductor device and the lamp, the
electrical parameters of the condenser-discharg-
ing circuit being such that, if the gaseous-con-
ductor device were substantially equally conduc-
tive both in the said one direction and the said
opposite direction, the condenser-discharging
circuit would be oscillatory, means having recti-
fier characteristics enabling it to conduct appre-~
ciable current in one direction but preventing it
from conducting appreciable current in the op-
posite direction under predetermined conditions,
a circuit having a source of direct current and
including the means having rectifier characteris-
ties for charging the condenser, the electrical
parameters of the condenser-charging circuit be-
ing such that, if the means having rectifier char-
acteristics were substantially equally conductive
both in the said one direction and the said op-
posite direction of the means having rectifier
characteristics, the condenser-charging circuit
would be oscillatory, means for periodically ap-
plying a condenser-discharge-initiating stimulus
to the gaseous-conductor device to render the
gaseous-conductor device suddenly conductive
periodically in order to effect periodic sudden dis-
charges of the condenser through the condenser-
discharging circuit and the gaseous-conductor
device and the lamp to produce light flashes of
substantial ilumination intensity, and means
whereby the means for periodically applying the
condenser-discharge-initiating stimulus operates
during times short compared to the intervals be-
tween successive discharges of the condenser.
HAROLD E. EDGERTON.
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It is hereby certified that errors appear in the printed specification of the above
numbered patent requiring correction as follows: »

Column 12, line 23, for the word *condenser” read condensers; column 19, line
70, for “indutance” read inductance; column 23, line 47, for “opposition” read op-
posite; line 61, for “parameter’” read parameters; column 24, line 54, after “condi-
tions” insert a. comma; column 25, line 73, after “means” strike out the comma;
column 31, line 33, for “discharging” read charging;
and that the said Letters Patent should be read with these corrections therein that

the same may conform to the record of the case in the Patent Office.
Signed and sealed this 21st day of March, A. D. 1950.
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