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The present invention is related to electric nergy flash-producing systems in which the dis 
purposes as top v, -, -, 
repetition of light flashes, of short duration-and 
high intensity, as, in flash-photography 
strobgscopic. Work. The present appli continuation-in-part of application, serial No. 
685,501, filed August 16, 1933. - - - - - 

In the said application, there is disclosedanew. and improved system for producing steong, and 
intense substantially uniform electric-energy: 
light:flashes by means: of a very small-anaounts of 
electric energy discha 
quickly, reliably and accurately at 
quency through a gaseous-conductor, lamp. Th 
System is simple and rugged-in-construction light 
in weight, portable ahd self coatained easily opy. 
erable, without moving patts (except; insane, 
cases, for a contactor), and :thoraughly e 
aad reliable in operation. : 

estiy 
Though it is explained, in the said appligatieae 

that, the quantity of light of the light flashesis 
determined by the amount of energy.igh the cons 
denser and by, circuit,conditions, that feature...i 
order to maintaina-line of division is not cl in the said application. It. 
claimed in the present application. -. 
The invention: will now-be described incon 

nection. With the accompanying drawings in 
which Fig.1 is a diagrammatic view of circuit 
and apparatus arranged-and-constructed accord 
ing to one embodiment of the invention; Figs, 
2 and 3 are modifications of the same; and Figs. 4, 5 and 6 illustrate modified stroboscope...light. 
source circuits.embodying an efficient method of 
charging the condensers. 
As described in the said application, alumines 

cent vapor electric gaseous-discharge flash lamp 
or. flash tube 2 or 07 is provided with two in 
ternal main or principal electrodes. 4 and 6 in a 
glass-tube envelope. Other apparatus. than the 
illustrated lamp 2 may also be used in accordance 
with the present invention. The principal elect 
trodes 4 and 6 define a principal-current path 
for the lamp. 2. The lamp. 2 is described in the 
Said, application as, of the low-impedance mer 
cury-arc gaseouseconductor type, the internal 
electrode 4 being shown as in the form of a liquid 
pool of mercury, used for a cathode, and the in 
ternal electrode 6 serving as the anode...or plate. 
The remarks throughout this specification cons 
cerning mercury-arc tubes or lamps.apply equally 
well to tubes. Or lamps.filled, with other. gases, 
with or without mercury vapor. 
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the tube2 defined by the prins 
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thermionic or gaseous: 
may comprise athermionico 
alf-wave rectifier tube 26, as 
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ter. ind-filter arrangement, comprising 
onie or gaseoussdischarge. half-wave rect 
units, as shown in the said application. Serial No. 685,501. The secondary windigofthetians 
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3 
to the full potential of that source. This charg 
ing may be eitected by connecting the flash con 
denser 26 to the source of direct current in any 
desired manner, as by means of the wire con 
ductors 8 and 10. The flash condenser 26 is 
shown connected to the source of direct-current 
potential in parallel with the principal electrodes 
is and 6. 'he electrodes 4 and 6 are therefore 
connected in series with the two terminals of 
the 11aSn-condenser source of energy at the Same 
time that energy is thus Supplied to the flash 
condenser at Iron the Source of direct current. 
The usual voltage to which the condenser be 
comes thus cnarged is from 200 to 2,000 volts. 
The charging circuit for the condenser 26 is 

shown extending from the positive terminal of 
the battery it 2, or from the rectifier 20, by Way 
of the conductor i0, to the corresponding posi 
tive terminal of the condenser 26; and from the 
negative termiral of the battery U2, by way of 
the conductor 8, to the negative terminal of the 
condenser 26. A current-limiting charging in 
peaance 35 may be series-connected in the charg 
ing circult of tine condenser 26, between the con 
denser 26 and its charging Source of direct cur 
rent, either in the wire conductor i0, as shown 
in Figs. 4 and 5, or the wire conductor 8, as il 
lustrated in FigS. 1, 2 and 3. 

Because of the dielectric properties of the nor 
mally deionized mercury vapor or other gas in 
the space of the lamp 2, between the cathode 4 
and the anode 6, the battery 02 or other direct 
current source will before each flash charge the 
flash condenser 26 through the impedance 35 so 
that the anode 6 is positive, without any of the 
energy of the battery 02 traversing that Space. 
A difference of potential of unvarying polarity 
will therefore be established between the cath 
ode 4 and the anode 6 during the charging of 
the condenser 26. 

After becoming thus charged, the condenser 
26, as will presently be more fully explained, may 
be discharged through the gaseous medium of 
the lamp 2, between the anode 6 and the Cathode 
4, in the discharge circuit of the lamp 2. The 
lamp 2 will be recognized by persons skilled in 
the art as of the type in which a positive-column 
discharge may pass between the anode electrode 
6 and the cathode electrode 4. The discharge 
current thus obtained from the flash-condenser 
source of energy results in the production of an 
electric-energy light flash through the lamp 2. 
The major portion of the energy Supplied from 
the flash condenser source of energy in the Series 
circuit connection between the terminals of the 
flash condenSer 26 and the principal electrodes 
4 and 6 is consumed in the positive-column dis 
charge, With the result that the light flash is of 
high illumination intensity and short duration. 
The condenser-discharge circuit is shown ex 

tending from the positive terminal of the con 
denser 26, by Way of the conductor 10, directly 
to the anode electrode 6; and from the negative 
terminal of the condenser 26, by way of the con 
ductor 8, directly to the cathode electrode 4. The 
cathode 4 and the anode 6 of the lamp 2 are thus 
Series-connected by the conductors 8 and 0 to 
the condenser 26 in this condenser-discharge 
circuit directly across the condenser 26. The 
connections are such as to enable the condenser 
26 to discharge with relative rapidity through 
the lamp 2 between the anode electrode 6 and 
the cathode electrode 4 when the lamp 2 becomes 
Conductive. 
The impedance 35 should be designed suf 

10 

5 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

2,478,964 
4. 

ficiently large so that, after the discharge of the 
condenser 26 between the cathode 4 and the 
anode 6, further current flow between them will 
be prevented until after the gaseous Space in the 
lamp 2 between the electrodes 4 and 6 shall have 
again become deionized. The condenser 26 is 
therefore normally charged to a voltage of un 
varying polarity and of magnitude insufficient 
to effect a discharge of the condenser through 
the lamp between the electrodes 4 and 6 when 
the lamp is non-conductive, though Sufficient to 
effect a discharge of the condenser 26 through 
the lamp between the electrodes 4 and 6 when 
the lamp is conductive. The impedance 35 
should, however, be Small enough to permit of 
the re-establishment of Sufficient difference of 
potential between the cathode 4 and the anode 
6 to enable recharging of the condenser 26 with 
energy from the direct-current source in time 
for the next flash. These ends may be attained 
by rendering the impedance 35 suitably reactive, 
as by constituting it of a Wire conductor com 
prising a combination of resistance and induct 
ance. The Size and characteristics of the im 
pedance 35 should be determined by the charac 
teristics of the flash lamp 2 or other apparatus 
in connection With Which it is used and the de 
Sired time interval between the condenser dis 
charges. This feature, as Stated in the said ap 
plication, is claimed in a copending divisional 
application, Serial No. 688,406, filed August 5, 
1946. 
AS is Stated in the said application, Serial No. 

685,501, the quantity of stroboscopic light is de 
termined by the amount of energy in the con 
denser 26 and by circuit conditions. The ca 
pacity of the condenser 26 is increased until there 
is sufficient average light for the particular fre 
quency of flashing and the extraneous illumi 
nation. Slow Speeds require a larger amount of 
light per flash than fast Speeds to give the same 
average illumination. 

Five possible methods of varying the amount 
of light are: 

1. Changing the capacity, as by varying the 
capacity 26. The amount of light for each flash 
is almost proportional to the capacity and the 
Square of the voltage. 

2. Changing the voltage, as indicated by the 
tapped input supply battery or power supply 02, 
in Fig. 2. There are many well-known methods 
of varying the input voltage, either manually or 
automatically, to suit requirements. 

3. Changing the value of a series resistor it in 
the lamp discharge circuit, as indicated in Fig. 1. 
The light decreases as the resistance increases, 
since more of the energy is lost in the resistor. 

4. Changing the value of an inductance 2 in 
Series with the lanap, in the condenser-discharge 
circuit, as indicated in Fig. 2. The light is de 
creased as the inductance is increased. This 
Variable inductance may be of the variometer 
type, consisting of two coils movable with respect 
to each other. 

5. Changing the secondary impedance 6 of 
a transformer 60 that is connected in series with 
the discharge current, as illustrated in Fig. 3. 
the Secondary impedance 6 of this transformer 
may be inductive, capacitive, resistive, or any 
combination of these. It may further consist 
of vacuum or gas-filled tubes, without moving 
parts, according to methods well known in the 
art, for automatically controlling the amount of 
light, in accordance with any desired require 
ments. . . . . 
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As is also explained-in the said:application 
Serial No. 685,501; the discharge of thes flash 
condenser 26 through the condenser-discharge: 
circuit above described is initiated by energizing 
the normally unenergized starting electrode. 100,. 
under the control of a trip circuit. The trip 
circuit is shown comprising a second normally 
non-conductive or ineffective gaseous-discharge: 
trigger-tube device i4, a small auxiliary capac. 
itor or condenser 28, a second suitable direct 
current source of energy; such as a second bat. 
tery i, or sorine rectified source of alternatings 
energy for charging tie Small auxiliary. cont 
denser, 28 at a predetermined rate, and a nor-. 
mally ineffective triggering or trip flash trans 
former 3. For definiteness, the larger flash: 
condenser 25 may be referred to as a first cons. 
denser, and the Small auxiliary condenser. 28 as 
a second condenser. 
A further such trip circuit is shown in Fig.5: 

comprising a second Such tube: 40 (not shown), 

5. 

10; 

15. 

20 

a second such capacitor 28 (not shown), and a 
second such transformer 3a. As these trip. cir 
cuits are alike, only one of them is described 
in the specification of the said application, Serial 
No. 685,501. 
The gaseous-discharge device. 40 may be con 

stituted of a mercury-vapor thyratron, a gas 
filled hot-cathode thermionic tube or a grid-con 
trolled cold-cathodes aro-discharge tube or any 
other Suitable discharge device. The transforn 
er 3 may be of the high-ratio step-up or any 
other desired type, with a relatively low-imped 
ance primary Winding 36, and a secondary wind 
ing 29, shown connected between the cathode 4 
and the external electrode 0), The before, 
mentioned starting-current path of the lamp. 2, 
extending from the starting electrode 90 to the 
cathode , includes the inductance of the sec-, 
ondary winding 29. The trip.circuit; may... con 
tain other elements also; for example, in Fig. 1, 
the two impedances 3 and 33, and, in Fig. 2, 
the two impedances 3A and 33, all shown re 
sistive, and connected into circuit with the source 
of potential . 
The trip circuit may perform its function of 

initiating the discharge of the condenser's 26 
through its discharging circuit by converting the 
direct current of the second source of potential, 
such as the battery is , into very sudden voltage 
pulses in the primary winding 36 of the flash 
transformer 38. These, as will be described more 
fully presently, will be manifested as alternating 
urrent pulses in the secondary winding 29. 
As the tube 40, like the lamp 2, may be a 

rectifier of the arc-like discharge type, conduc 
tive in one direction only, it serves also as an 
electric check valve. It is shown provided with 
at least three electrodes. Two of these are main 
or principal electrodes, namely, an anode or plate 
52 and a cathode 38. The third is a control-grid 
electrode 53. These three electrodes correspond 
to the anode 6, the cathode 4 and the control 
electrode 6, respectively, of the flash lamp 2. 
The tube (), like the tube 2, may be of the type 
having an abrupt characteristic. To energize 
the tube ik, a maximum predetermined poten 
tial inay be impressed acroSS it, between its two 
main or principal electrodes, without appreciable 
current flow between these electrodes, and a sub 
stantially constant potential difference may be 
impressed between the control electrode and one 
of the principal electrodes. The gas pressure of 
the tube it is. Such that the control electrode 
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tery 0, in series with the resistor 34. 

6 
50 loses control over.a. discharge already passing: 
through the tube. The electric discharge of the 
second small condenser 28, as will be presently 
more fully explained, may be initiated to pro 
duce a current between the anode electrode 52: 
and the cathode electrode 48 by suitably con 
trolling the third electrode. 50. 
The trip circuit is provided with a normally. 

unenergized control input circuit and an output. 
circuit. These will first be described in connect 
tion with the trip circuit of Figs. 1 and 2. 
The output circuit of the trip circuit of Figs. 1. 

and 2, or of the: thyratron 4, may be traced. 
from the cathode 8, through the primary winds. 
ing 36 of the flash transformer 30 and the small: 
second condenser 28, to the anode 52. This out-. 
put circuit of the trip circuit of Figs. 1 and 2. 
is connected to the lamp 2, since it includes the: 
inductance of the primary winding 36, of the 
flash transformer 36, the secondary winding 29. 
of which has before been described as connected 
in the starting-current path of this lamp. 2. . . . 

It has been stated that the Sinall second con 
denser 28 in this output circuit of the trip cir-, 
cuit is charged from the battery . The in 
pedance 33 of Fig. 2, like the impedance 33 of 
Fig. 1, is shown shunted across, or connected 
in parallel with, the Small condenser 28. Each 
of these impedances 33 and 33 is also connected 
in parallel with the output circuit of the trip: 
circuit, conprising - not only the condenser 28, 
but also the cathode 8 and the anode 53 of the 
tube A and the primary winding 35 of the flash 
transformer 3), connected in Series. The posi-. 
tive terminal of the battery is connected to 
one terminal of the Small second condenser, 28 
and one terminal of the resistor 33 or 33 and 
the negative terminal of the battery. is con 
nected to the other terminal of the Small con-. 
denser 28 and the other terminal of the resistor. 

33, through the resistor 3. Power is 
thus, obtained for the thyratron f : ) and for 
charging the small second condenser 28 in the 
Output, circuit of the trip circuit from the bat 

The trip 
circuit output circuit of Figs. 1 and 2, comprising 
the primary. Winding 36, the tube A and the 
Small Second condenser 28, in series, may there 
fore be regarded as obtaining its energy from 
this small condenser 23, after becoming charged 
from the battery GA. The attery nay, 
however, also be regarded as included within the 
output circuit of the trip circuit of Figs. 1 and 2: 
The resistor 3 may perform a function similar 
to that of the impedance 35 in the charging cir 
cuit of the condenser 26. The resistance of the 
resistor 3 may initially be so adjusted as to pre 
vent Self-operation of the trip circuit when the 
Small second condenser 28 becomes charged. 
The control input circuit of the trip circuit 

of FigS.1 and 2 is the same as the input or grid 
circuit of the thyratron or other gaseous-dis 
charge tube 4. In Fig. 2, this control input 
circuit may, be traced from the cathode 48, 
through the primary winding 3G, the portion of 
the impedance 3 f to the left of a tap, 5 , and 
the secondary Winding of a trip or grid trans 
former 6, the function of which will be explained 
presently, and through an impedance, shown as 
a resistor 42, to the control-grid electrode-56, 
The corresponding control input circuit of Fig. 1 
contains a portion of the resistor 33, instead of 
the resistor 31, as in the system of Fig. 2, and 
its does not, contains the secondary windings of 
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the trip or grid transformer 64. These differ 
ences will be discussed more fully presently. 
The resistor 33 of Fig. 2 only is a bleeder re 

sistor. The connection of this bleeder resistor 
33 to the battery foll before described is such 
as to allow a small current to flow in the re 
sistor 3. A voltage becomes thereby established 
across the resistor 3 for impressing upon the 
control grid 50 of the thyratron 4 in these con 
trol input circuits a normal bias suitably nega 
tive with respect to the thyratron cathode 48. 
The control grid 50 is connected to the negative 
end of the resistor 3. AS will hereinafter ap 
pear, advantage is taken of this normally nega 
tive voltage bias provided by the resistor 3 upon 
the control grid 5 to render the normally inef 
fective tube 4G effective at desired instants of 
time. 
The resistance 33 is necessary to prevent the 

self-operation of the thyratron 4 when the con 
denser 28 becomes fully charged. The said re 
sistance 33 (illustrated in Fig. 2 only) is made 
to have a large Valle, or is disconnected, when 
self-oscillations of the thyratron are desired as 
hereinafter more fully described, 
The discharging circuit for the Small con 

denser 28, in the trip circuits of FigS. 1 and 2, 
may therefore be traced from one terminal of 
the condenser 28, through the tube & 8 and the 
primary winding 36, in series, to the other ter 
minal of the Small condenser 23. As soon as 
the normally non-conductive gaseous-discharge 
trigger tube 4) of the trip circuit, is rendered 
conductive, therefore, the energy of the Small 
Condenser 28 is discharged through both the 
thyratron 40 and the primary winding 36, in 
Series. 
The conversion effected by the trip circuit of 

the direct current of the battery ) into alter 
nating-current pulses may be effected by this 4 
discharge of the Small condenser 28 through the 
primary winding 36 of the flash transformer 30, 
The condensers 26 and 28, however, may be 

charged through the impedance 35 from a coin 
mon source of potential, as shown in Fig. 6. 
The output circuit of the trip circuit or of the 

tube 40 of Fig. 3 may be traced from the cath 
Ode 48, through the Small second condenser 28 
and an impedance 33, shown as a resistor, con 
nected in parallel, and through the primary 
Winding 36, to the negative terminal of the bat 
tery Of. The output circuit is completed from 
the positive terminal of the battery fé, through 
a variable impedance 9, shown as a resistor, to 
the anode 52. As in the case of the trip circuits 
of Figs. 1 and 2, therefore, the battery 0 is 
included in the output circuit of the trip circuit 
of Fig. 3 also. An impedance 3, shown as a 
resistor, is connected in parallel between the 
Cathode 48 and the anode 52. A by-pass con 
denser, not shown, is usually shunted across the 
battery to by-pass the current surges that 
charge the condenser 28. This by-pass con 
denser may serve as the Source of energy for the 
output circuit of the trip circuit of Fig. 3. 
The inductance of the primary winding 35 in 

the starting-current path of the tube 2 is there 
fore connected in the output circuit of each of 
the trip circuits of Figs. 1, 2 and 3, between the 
cathode 48 and the plate or anode 52, in series 
with the small second condenser 28. The out 
put circuit of each of the trip circuits of Figs. 1 
and 2, however, as before described, is connected 
in shunt to the second battery lif. In the trip 
circuit of Fig. 3, on the other hand, the small 
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8 
second condenser 28, the primary winding 36 and 
the tube 40 are connected in series with the 
battery Ol. 
The control input circuit of the trip circuit 

of Fig. 3, or the input or grid circuit of its thyra 
tron 40, may be traced from the cathode 48, 
through the small second condenser 28 and the 
impedance 33, in parallel, and from a tap 49 of 
the impedance 33, by way of an impedance, 
shown as a resistor 42, to the control-grid elec 
trode 50. The negative bias upon the control 
grid 50 through this resistor is developed acroSS 
the resistor 33 from the battery 0 in the cir 
cuit extending from the positive terminal of this 
battery 9, through the resistors f9, 3 and 33, 
and through the primary winding 36, to the neg 
ative terminal of the battery ff. 

Because of the normally negative potential bias 
impressed on the control grid 50 in the control 
input circuit of the trip circuit of each of Figs. 
1, 2 and 3, therefore, the output circuit is main 
tained normally open, to render the thyratron 
$40 normally non-conductive. 
The control-grid electrode 50 may be caused 

to determine the exact instant when the nor 
mally non-conductive thyratron 40 shall become 
conductive. This control by the grid electrode 
5 may be exercised by suitably modifying the 
potential difference between the negatively 
biased control grid 50 and one of the principal 
or main electrodes, as the cathode 48, to a pre 
determined critical value in order to energize the 
normally unenergized control input circuit of 
the trip circuit. This may be effected by Sub 
jecting the control grid 58 to a suitable stimulus, 
as will be described hereinafter. The normally 
open Output circuit of each of the trip circuits 
of Figs. 1, 2 and 3 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. 

Referring to the trip circuits of Figs. 1, 2 and 3, 
the Small second condenser 28 having meantime 
become charged, the energy thus stored in the 
Condenser 28 becomes suddenly discharged 
through this output circuit of the trip circuit, 
between the anode 52 and the cathode 48. A 
Sharp violent high-potential single electrical 
transient impulse becomes thus quickly, accu 
rately and reliably impressed very suddenly, for 
a brief interval of time, upon the primary Wind 
ing 36 of the thyratron trip circuit, at the exact 
instant desired, accompanied by a sudden surge 
of current therethrough. 
The resulting high-potential trip surge across 

the terminals of the secondary winding 29 be 
comes conveyed, accurately and reliably, to in 
preSS a high-potential stimulus between the 
starting electrode 36 and the cathode 4 of the 
tube 2. In response to this sudden energization 
of the Starting electrode 60, a triggering surge 
or pulse of current becomes thereupon suddenly 
initiated in the starting-current path between 
the control electrode 00 and the cathode elec 
trode 4, resulting in the formation of a bright 
Cathode Spot of light on the Surface of the mer 
cury-pool Cathode 4 at the junction between the 
mercury and the inner wall of the glass tube 2. 
A source of electrons becomes thereupon created 
upon the mercury cathode 4, in the vicinity of 
the cathode spot. These electrons ionize the nor 
mally un-ionized gas in the normally non-con 
ductive lamp 2, to render it conductive. The 
flash condenser 26 having previously become 
charged to a suitable potential, it thereupon, at 



2,478,904 

the exact instant determined by the potential 
impulse upon the control grid 59, discharges 
quickly and violently to initiate current flow 
through the principal current path, including the 
gaseous medium of the lamp 2, between the cath 
Ode electrode and the anode electrode 6. This 
violent electrical transient surge of current 
through the gaseous redium of the lamp 2 be 
tween the cathode and the anode 6, thus pro 
duced in response to the potential stimulus im 
pressed upon the thyratron grid 59, initiates, as 
before stated, a very brilliant intense quick sharp 
clear flash of light 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 mercury 
lamp 2, the duration of the flash discharge is 
short, of the order of microseconds, as deter 
mined by the size of the capacity 26, the dimen 
sions of the lamp 2, its volt-ampere character 
istics, its temperature, the impedance Of the con 
ductors 8 and connecting the condenser 26 
and the lamp 2, and other factors. The induct 
ance of the conductors 8 and is useful in ex 
tinguishing the arc, as it tends to make the dis 
charge current Oscillatory. Under SOme condi 
tions, the duration. Of the flash is less than even 
One nicroSecond. 

The arc through the lamp 2 is not maintained, 
but is promptly extinguished, because of the cur 
rent-initing action of the impedance 35. At 
the end of a predetermined interval of time, 
therefore, the current flow in the principal-cur 
rent path becomes discontinued. The condenser ; 
26 becomes thereupon again charged, in prepa 
ration for the next discharge. 
The tube f4 therefore serves as a relay for 

accurately timing the starting of the mercury 
arc tube 2. 
microamperes of current in the control input or 
grid circuit of the thyratron or other gaseous 
discharge tube 4, to stimulate the grid 50, in 
the manner more fully described hereinafter, will 
effect the discharge of the small second con-: $45 
deraser 28 through the output circuit, including 
the primary Winding 36, at just the instant of 
time desired. 
The timing voltage impulses in the control in 

put circuit of the trip circuit for stimulating the 
control grid 5, in order to raise it to the pre 
determined critical value necessary to trip the 
thyratrOn 4, so as to render it conductive, may 
be obtained through the medium of an external 
signal. If the Signal is reproduced at a pre 
determined rate repetitively, many times a Sec 
Ond, at Selected intervals determined by the pre 
determined rate, the resulting periodically pro 
duced flashes may be used, for example, for strob 
'oscopic purposes; for the apparent Speed of a 
moving object becomes thereby so effectively re 
duced, and the moving object moves so inappre 
ciable a distance during the period of the flash, 
that it appears to be "stopped.' Single signals, 
however, may also be used, as in flash photog 
raphy. - 

In the trip circuit of Fig. 2, the externalSignal 
for rendering the tube 2 conductive is produced 
in the centrol input circuit. With the aid. Of the 

62. The transformer 64 may be of the type that 
will yield a peaked secondary voltage. In re 
Sponse to the oscillation pulses of the oscillator 
62, impulse charges become suddenly impressed 
intermittently upon the thyratron control grid 

A tinning impulse of only a few 'i 
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50 in order suitably to modify the potential there 
rof. It is in this manner that the potential of 
the control grid 50 intermittently becomes sufi 
ciently critical with respect to the potential of 
the cathode 48 of the thyratron 40 to energize 
the normally unenergized control input circuit 
of the trip circuit, in order to render the thyra 
tron 40 conductive. 
. Referring again to Fig. 2, the small second con 
denser 28 discharges suddenly through the Out 
put circuit of the trip circuit in response to each 
of these inpulses in order to establish suddenly 
the before-mentioned violent high-potential sin 
gle electrical transient pulse in this output cir 
'cuit. A high-potential gradient becomes thus 
established in the output circuit in response to 
teach such discharge of the small second con 
idenSer 28. - 

Corresponding energizing pulses are thereupon 
produced intermittently in the transformer 30 
to effect sudden transient energizations of the 
normally unenergized starting electrode 00, in 
termittently to render the lamp 2 suddenly con 
sductive at times determined by the discharges of 
the Small second condenser 28. At each Such 
discharge of the Small tondenser 28, the nor 
mally ineffective transformer 30 becomes thus 
suddenly effective to subject the starting elec 
trode 00 of the tube 2 to a relatively high-po 
tential. This, as before stated, renders the tube 
2 suddenly conductive, in order that a current 
impulse may be obtained through the gaseous 
medium of the tube 2, by the discharge of the 

: condenser 26, between the cathode 4 and the 
anode 6, to produce the flash. This result is 
effected without the aid of any Switches in the 
high-voltage circuit, inerely by having the OScil 
lator 62 supply periodically the signal charges 
to the grid 50. 
The duration of each such Sudden discharge of 

the condenser 28 through the ottput circuit Con 
stituted of the Small second condenser 28 pro 
duced by the before-described impulse upon the 
control grid 50 is short compared to the times 
between successive discharges of the Small 'second 
condenser 28. This is because the Control grid 
50 is normally maintained at a potential such as 
to render the thyratron 40 normally non-con 
ductive during times long compared to the dura 
tion of the pulse in the trip output-circuit. Be 
cause of the sudderiness of the operation, the 
thyratronor otheritube 40 becomes-effective with 
corresponding suddenness to render the lamp: 2 
Suddenly conductive. 

In the trip circuits of each of Figs. 1 and 2, an 
tenergizing pulse is impressed suddenly upon the 
primary winding 36 of the transformer 30 by a 
*discharging surge of current from the Source of 
energy constituted of the Smail Second CondenSer 
28. A corresponding sudden 'energizing pulse 
may equally well be produced in the primary 
Winding, 36 by-a-charging-surge of current, during 

, the charging of the small condenser 28, however, 
-as occurs in the trip circuit of Fig. 3. In this 

365 case, the pulse is produced suddenly from the bat 
tery fo- or the before-mentioned by-pass con 
-denser, not shown. In the trip circuits of each 
of Figs. 1, 2 and 3, the control electrode 50 loses 
“control over the thyratron 40-upon the initiation 

trip or grid transformer 64 from an oscillator 70 by the condenser-28 of the sudden current impulse 
in the output circuit. 

In the trip circuit of Fig. 2, when the tube - 40 
is rendered conductive, in response to a voltage 
pulse supen the control grid :50, from the trans 

'75 former,64, the potential of the cathode 48 is raised 
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to nearly that of the anode 52. This results in 
a charging surge of current into the small second 
condenser 28 and at the same time, through the 
output circuit, including the primary winding 36. 
During the ensuing discharge, a sudden very 
strong negative bias becomes reestablished upon 
the grid 50. 
The Surge in the control input circuit may, of 

- course, be brought about in other Ways also, as 
by the use of electrical transients in transformers, 
or by impulses from photo-electric cells, ampli 
fiers, etc. In the trip circuit of Fig. 5, as a further 
example, the signal for controlling the flashes of 
light is supplied to the grid 59 through the closing 
of a Switch contactor 32. Upon the closing of the 
switch contactor 32, at any time after the con 
denser 28 has become charged, the grid 5 of the 
thyratron 40 will receive a potential stimulus of 
the same nature as already described, to effect the 
discharge of the small second condenser 28 into 
the primary winding 36. 
The input circuit of the trip circuit or the input 

or grid circuit of the thyratron 40 of Fig. 5 may 
be traced from the cathode 48, through various 
impedances, shown as resistors, a portion of the 
impedance 33, and an impedance 42, also shown 
as resistors, to the control-grid electrode 5). The 
tripping is performed by a control series circuit 
between the control grid 5 and the anode 52. 
In this control series circuit, the control grid 5. 
is shown connected to one side of the Switch 32 
through a trip condenser 59, which may be as 
small as 0.00025 microfarad, in parallel with a 
leak resistor f43. The other side of the switch 
32 is connected to the anode 52 through the pri 
mary winding 36. The control grid 50 is con 
nected also to a negatively biased portion of the 
resistor 33, in series with the resistor 42. The 
resistance of the resistor 42 limits any current 
that may tend to flow when the grid 50 becomes 
positive, or when there is any ionization in the 
tube. Especially in variable-speed stroboscopes, 
the adjustment of a sTitable impedance, such as 
the impedance 9 of Fig. 3. may be employed to 
varv the intensity of the starting voltage applied 

... to the starting-grid electrode I no. 
The Outn't it, circuit, of the trip circuit, or of the 

- thvratron 4f of Fig. 5 may he traced from the 
cathnde. 48, through an impedance shown as a 
resistor, the small condenser 28 and the primary 
Wijnding 3R to the anode 52. 

In the trip circuits of Fig. 5, the closing of the 
switch contactor 32 may be controlled in any 
desire? manner. manually or automatically. An 
examrole of an attomatic control effected through 
the medit in of a neriodirally movrahe member 
is descrihed in Tafters Patent 2.181 R79, issue 
Daramber 5, 1939. reissued as Lattars Patant 
22 123. Tune 23, 1942, and Taftars Patant, 22.26n. 
Fehr larv 2, 1943. The switch 32 may he very 
small. since if need carry onlv verv small currants. 
The invention of the said application. Serial 

No. 685 501, therefore, makes it; possible to oper 
ate the svstem with nut any switches or other mov 
ing parts, excent, in some cases, as with the aid 
of the very small switch contactor 32. for causing 
the thvratron or other gas-discharge tube f4 to 
funrtion. 
BV varying the frequency of the oscillator 62 

or the speed of oneration of the switch 32 of the 
illustrated trip circuits, 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-discharge device 
f40 to render it conductive. The predetermined 
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rate at which the signal is applied may thus be 
varied to vary the selected intervals of flashing. 
The rate of fashing may be controlled, hown 

ever, by suitably varying the frequency in other 
ways also. The voltage-impulse stimulus may, 
for example, be transmitted from the control cir 
cuit to the output circuit of the trip circuit, and 
from this output circuit to the lamp 2, to produce 
the flashes of light, without any outside aid, such 
as the Oscillator 62 of Fig. 2 or the Switch con 
tactor of Fig. 5, purely through self-oscillation 
of the system. The tripping surges in the grid 
circuit may be supplied by transformer or capac 
ity coupling as commonly used in the art, or in 
any other desired manner. 
The control may, for example, be effected by 

varying the impedance 3 or 33, as for example, 
by connecting the control grid 59 to various taps 
On the resistance 33 or 3, as illustrated at 46 
in Fig. i., and at 49, in Fig. 3, and also in Figs. 
4, 5 and 6, to cause the thyratron 40 to Oscillate 
as a relaxation oscillator. 
The adjustment of either tap may thus control 

the fashing rate of the condenser 28 and, there 
fore, the frequency of the high-voltage surges 
that become impressed upon the starting elec 
trode ). 
The impedances 3 and 33 need not, however, 

be resistive. If, for example, the impedance 3 
is reactive, or if there are other circuit conditions 
such that the voltage of the grid 5 may exceed 
the critical starting potential. the thyratron cir 
cuit may, under certain conditions, generate its 
own oscillations at a frequency determined by the 
circuit constants and the characteristics of the 
tube 4). The thyratron or other gaseous-dis 
charge device 49 will under these circumstances 
also oscillate as a self-excited relaxation oscilla 
tor. The electrical impulses for stimulating the 

40 thyratron control grid 50 in order to initiate the 

As 
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discharges of the condenser 26 through the lamp 
2 at the desired selected intervals may thus be 
produced at a controlled rate determined by the 
adjustment of this self-excited relaxation oscil. 
lator. 
The self-excited relaxation-oscillator thyratron 

circuit, described in the preceding paragraphs as 
initiating discharge of the condenser 26 at se 
lected intervals is sometimes termed a self-ex 
cited static inverter. This inverter produces 
electrical impulses at a controlled rate deter 
mined by its adjustment. If an external signal 
is used to trip the thyratron (such as from the 
grid transformer 64 and the oscillator. 62 illus 
trated in Fig. 2), the circuit is sometimes called 
a driven Static inverter. 
The manner of connecting the grid for self 

Oscillation depends upon the characteristics of 
the particular thyratron that is used. For thyra 
trons with a negative control characteristic 
(which start when the grid voltage is negative). 
circuits of the type shown in Figs. 2, 3, 5 and 6 
may be used. For thyratrons with a positive con 
trol characteristic (which start when the grid 
Voltage is positive) circuits of the types shown 
in FigS. 1, 5 and 6 may be used. Thyratrons, 
furthermore, especially the inverter types that 
have a short deionization time, require a certain 
amount of grid current in order to conduct. 
Often a positive voltage is required on the grid 
of a negative-control thyratron to supply the re 
quired grid current through the grid resistor 42. 
The grid resistor f42, if varied, will vary the self 
Oscillation rate, if grid currents are necessary for 
Starting. 
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. The flashes of light from the tube are con 
trolled by the oscillations of the inverter, and 
-adjustinent of the frequency ray be made y 
schanging the value. Of the chalgiag resista::ce. 
The thyratron does not conduct current, wheia 

there are no imprises in the grid circuit, except 
when used for Self-oscillation, as described. he 
ioscillator 62, the switch 32 and the 'self-excited 
Oscillations are alternative arrangements, all 
fully equivalent, for the purpose of producing the 
above-described stilitius, upon the thyratron 
control grid 59 for 'causing the discharge of the 
flash condenser 26 through the lamp 2. In all 
"cases, the light flashes will occur accurately and 
reliably, at just the desired selected intervals, in 
response to the discharge of the condenser 28 
through the tube 2, once during each cycle of the 
oscillations of the oscillator 62, or of the self. 
foscillations, or once corresponding to each closing 
of the Very small switch contactor 32. In all 
.cases, the Voltage impulses Will thus occur at the 
instant that the current flow through the tube 
443 is conveyed, through the transformer 3 ?, to 
the fash-producing apparatus. 

he electrical parameters of the discharging 
circuit of the condenser 26 are such that, if the 
lamp;2 were:conductive in both directions between 
the grish cipal electrodes 4:and 6, the circuit would 
ke iOScitatory. This Oscillatory tendency is itse 
ful, however, Since it aSSists in preventing a co 
stilliot Siftow of current through the lar 
the direct-current power supply, suchias 
tery d2. The condenser. 26 is charged with a 
Fictertial of an opposite polarity after a surge of 
(cirrent flows through the tube 2. A negatiye 
Voltage is thus put on the anode 6, which helps 
to ?eionize the tebe. - -- 

As the thyratron fo is a rectifier, the current 
in the circuit comprising the condenser 28 and 
'the transformer 39 cannot oscillate, although 
there is a tendency to do so. 
The resistance 3 may be made to have a high 

value; or it may be open circuited, if self-oscilla 
tions are desired. Variation of the tap 46 on the 
resistor 33 (Fig. 1), or other variation of the 
value of the resistor 33, will vary the frequency 
of the self-excited static inverter circuit just de 
Scribed. A variable impedance 33, included as an 
"element in the inverter circuit (Fig. 3), may be 
"connected with the tube 49 in the charging cir 
cuit of the second condenser 28 for varying the 
impulse rate by controlling the current flowing 
through the tube 40 and, therefore, the intervals 
between condenser discharges. Similar remarks 
apply to variation of the tap 49 of the resistor 
33. of Fig. 3. 
The grid 50 is, in this case, shown connected, 

through the resistor 42, to the tap 49 of the 
resistor 33, connected in parallel to the condenser 
28, thus providing a variable impedance-shunted 
across the second-condenser 28. In Figs. 1 and 2, 
on the other hand, as previously stated, the sec 
Ond condenser. 28 is shown shunted across the 
inain electrodes 48 and 52-, of the gaseous-dis-, 
charge device f49. In all cases, the condenser 
28 is caused to discharge through the gaseous 
conductor device 40 by varying the potential 
of the grid electrode-50, 

14 
idenser 26 and a second flash is dbtained when 
'a' Second tube 2:Short-circuits the condenser:26. 
A circuit breaker 29 (Fig. 4) is useful for pro 

'tection of high-efficiency charging circuits, since 
5 large currents are apt to flow if the tube2 does 

inot operate properly. The “holdover' current 
through the tube 2 is limited by the regulation 
of the power supply if)2, the resistance of in 
ipedance 35, and the effective resistance of the 

10 tube. 2. 
The operation of the remainder of the circuit 

of Fig. 4 is the same as has been described in the 
-discussion of Fig. 2, except that the grid of the 
tube it is shown connected to the cathode. This 

5 thyratron 40 forms an inverter of the self-driven 
type in iconjunction with the other component 
parts of the circuit. The flashes of light from 
the tube 2 are controlled by the oscillation of the 
inverter, and adjustment of the frequency is made 

20 by changing the value of the charging resist 
ance 3. 

in Fig. 5, the rectifier tube GT, as beforestated, 
is illustrated as of the same type as the flash tube 
2. Control is obtained by a surge into the trans 

25 former 3a from a thyratron inverter, either, self 
iOScillatory or externally driven, as has been de 
Scribed in connection with the Figs. 1, 2 and 3. 

Fig. 6 illustrates a circuit arrangement that is 
particularly useful for obtaining flashes of light 

it that are multiples of the line frequency. 
The anode of a further thermionic or gaseous 

sdischarge half-wave rectifier tube 2 is connected 
to a tap i? of the transformer secondary-wind 
ing 4. The cathode of the further rectifier: 2 

..5 is connected in series with an adjustable im 
'pedance 3, shown as a resistor, to charge the 
:Second condenser28. The connection of the con 
denser 28 to the cathode of the rectifier 2 through 
the resistor 3 is similar to that of the cathode 

it of the rectifier 20 through the impedance. 35 to 
the condenser 26. The rectifier 2, thus charges 
the condenSer 28 from the same salternating 
Source f4 of voltage as the condenser 26, but 
through the impedance 3. 

45 The Cathode of the rectifier 2 is shown con 
..nected also through the impedance 3, shown as 
a resistor, to the anode 52 of the thyratron:40, 
similarly to the connection of the cathode of the 
rectifier 20 to the anode 6 of the lamp 2. The 

:50 grid:50 of the thyratron.f40 is connected through 
the resistor 42 to that end of the further sec 
Ondary winding f66 of the transformer 48 that 
is negative during the half-cycle While the con 
ideaSerS:26:and 28 are being charged, 

55. While the grid 50 is negative, the thyratronis 
ineffective and, therefore, the condenses 28 and 
26 are permitted to accumulate a charge. On the 

- Succeeding half-cycle, the grid:50 swings positive 
and trips the thyratron? which, in turn, causes 

:60 the main condenser 26 to discharge through the 
Enercury-arc tube. 2, as has been previously ex 
plained. 
The Vaiiable resistance 3 for is 2 makes it pos 

Sible to arrange the circuit so that flashes every 
65. Other cycle or every third cycle or other sub 

amultiple can be selected by adjustment. The 
(thyratrola fé0 for this purpose is one with a posi 
tive control characteristic or one that requires 
positive grid current.to start. 

Figs. 4, 5 and 6 illustrate circuits that are effi- 70. The control input circuit of the trip circuit of scient for charging the discharge condenser 26. In 
FigS. 4 and 5, the charging circuit consists of the 
impedance 35 in series with a rectifier tube, 
ShoWh at 7 in Fig. 4 and at foll in Fig. 5. The 

Fig. 6;may be traged from the cathode 48, threugh 
the primary Winding 36, by way of the conductor 
8, through the portion f60 of the secondary. Wind 
ing f47, and through an impedance f42, shown 

tubes 1 and lo-flash as they charge the con- 75 as a resistor, to the control-grid electrode-50. The 
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output circuit of the trip circuit may be traced 
from the cathode 48, through the primary wind 
ing 36, and through the Small auxiliary condenser 
28, to the anode 52. The Small condenser 28 is 
charged by a charging circuit extending from the 
terminal 6 of an intermediate portion of the 
secondary winding 47, through the half-Wave 
rectifier 2 and an impedance 3, shown as a re 
sistor, and through the small condenser 28, to the 
other terminal of the intermediate portion of the 
secondary winding 47. The half-wave rectifier 
2 converts the alternating current Supplied by 
the intermediate portion of the Secondary wind 
ing 47 into direct current for this output cir 
cuit. 
The circuit of Fig. 6 constitutes the subject 

matter of a divisional application, Serial No. 
688,405, filed August 5, 1946. 

- Further 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. In combination with apparatus for produc 

ing electrical-energy flashes of the type in which 
a condenser is periodically discharged through a 
gaseous-conductor lamp, means for initiating 
discharge of the condenser at selected intervals 
consisting of a relaxation oscillator for producing 
electrical impulses at a controlled rate, Said re- a 
laxation oscillator comprising a gaseous-dis 
charge device connected in circuit with a source 
of potential and with means for varying the in 
pulse rate comprising a variable impedance, 
means for conveying such impulses to the flash 
producing apparatus, and means for adjusting 
the quantity of light in the electrical-energy 
flashes. 

2. Light-flashing apparatus having, in combi 
nation, a light-flashing tube, a condenser con 
nected to the tube to discharge through the tube 
to produce a flash of light, means for connecting 
the condenser to a source of energy, capacitive 
means in series with the condenser and the tube, 
and means for adjusting the capacitive means 
to adjust the quantity of light contained in the 
flash of light. 

3. Light-flashing apparatus having, in combi 
nation, a light-flashing tube, a condenser con 
nected to the tube to discharge through the tube 
to produce a flash of light, means for connecting 
the condenser to a source of energy, transformer 
means separate from the source of energy in 
series with the condenser and the tube and means 
for adjusting the transformer means to adjust 
the quantity of light contained in the flash of 
light. 

4. In combination with apparatus for produc 
ing electrical-energy flashes of light of the type 
in which a condenser is periodically discharged 
through a gaseous-conductor lamp, means for 
initating discharge of the condenser at selected 
intervals consisting of a relaxation oscillator for 
producing electrical impulses at a controlled rate, 
said relaxation oscillator comprising a gaseous 
discharge device in series circuit with a source of 
potential and with a second condenser, means 
for varying the impulse rate comprising a variable 
impedance shunted across Said second condenser, 
means for conveying such impulses to the flash 
producing apparatus, and means for adjusting 
the quantity of light contained in the flashes of 
light, 

5. In combination with apparatus for produc 
ing electrical-energy flashes of the type in which 
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a condenser is periodically discharged through a 
gaseous-conductor lamp, means for initiating dis 
charge of the condenser at selected intervals con 
sisting of a relaxation oscillator for producing 
electrical impulses at a controlled rate, said re 
laxation OScillator comprising a gaseous-dis 
charge device connected in circuit With a source 
of potential, a Second condenser shunted acroSS 
the gaseous-discharge device, means for varying 
the impulse rate comprising a variable impedance 
connected in the charging circuit of the Second 
condenser, means for conveying such impulses to 
the flash-producing apparatus, and means for 
adjusting the quantity of light in the electrical 
energy flashes. 

6. In combination with apparatus for produc 
ing electrical-energy light flashes of the type in 
Which a condenser is periodically discharged 
through a gaseous-conductor lamp, lineans for 
initiating discharge of the condenser at selected 
intervals comprising a discharge device connected 
in circuit with a source of potential and with 
means for varying the impulse rate, means for 
conveying Such impulses to the flash-producing 
apparatus, and means for adjusting the quantity 
of light in the light flashes. 

7. In combination with apparatus for produc 
ing electrical-energy light flashes of the type in 
which a condenser is periodically discharged 
through a gaseous-conductor lamp, means for 
initiating discharge of the condenser at selected 
intervals comprising a gaseous-discharge device 
connected in circuit with a source of potential, 
a Second condenser shunted across the gaseous 
discharge device, means for varying the impulse 
rate, means for conveying such impulses to the 
flash-producing apparatus, and means for ad 
justing the quantity of light in the light flashes. 

8. A stroboscope having, in combination, a 
normally non - conductive gaseous - conductor 
lamp for producing light flashes of substantial 
illumination intensity having two electrodes, 
means for connecting the electrodes to a source 
of energy to impress between the electrodes from 
the source a voltage of magnitude insufficient to 
produce a current impulse from the Source 
through the lamp between the electrodes when 
the lamp is non-conductive but sufficient to pro 
duce a current impulse from the source through 
the lamp between the electrodes to produce a 
light flash when the lamp is conductive, a trip 
circuit comprising a discharge device, means for 
connecting the discharge device to the lamp, 
means for impressing impulses at a predeter 
mined rate upon the discharge device, means 
controlled by the discharge device in response 
to the impulses for producing sudden violent 
electrical transient impulses at the predeter 
mined rate, and means for transmitted the tran 
sient impulses to the lamp to render the lamp 
suddenly conductive at selected intervals in ac 
cordance with the predetermined rate in Order 
to produce current impulses from the source 
through the lamp between the electrodes at the 
Selected intervals to produce light flashes of Sub 
stantial illumination intensity at the selected in 
tervals, and means for adjusting the quantity of 
light in the light flashes. 

9. A stroboscope having, in combination, a 
normally non - conductive gaseous - conductor 
lamp for producing light flashes of substantial 
illumination intensity having two electrodes, 
means for connecting the electrodes to a Source 
of energy to impress between the electrodes from 
the source a voltage of magnitude insufficient to 
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produce a current impulse, from the sorce 
through the lamp between the electrodes when 
the lamp is non-conductive but sufficient to pro 
duce a current impulse from the Source through 
the lamp between the electrodes to produce a 
light flash. When the lamp is conductive, a trip 
circuit comprisilag a condenser, means for charg 
ing the condenser, a discharge device connected 
between the condenser and the lamp, means for 
impressing impulses at a predetermined rate up 
On the discharge device, and means controlled 
by the discharge device in response to the im 
pulses for causing the condenser to produce Sud 
den Violent electrical transient impulses at the 
predetermined rate for transmission through 
the discharge device to the lamp to render the 
lamp Suddenly conductive at selected intervais 
in accordance with the predetermined rate in 
Order to produce current impulses from the 
Source through the lamp between the electrodes 
at the Selected intervals to produce light flashes 
of Substantial illumination intensity at the se 
lected intervals, and means for adjusting the 
quantity of light in the light flashes. 

10. A Stroboscope having, in combination, a 
normally non - conductive gaseous - conductor 
lamp for producing light flashes of substantial 
illumination intensity having two electrodes, 
means for connecting the electrodes to a first 
Source of energy to impress between the elec 
trodes from the Source a voltage of magnitude 
insufficient to produce a current impulse from 
the source through the lamp between the elec 
trodes when the lamp is non-conductive but 
sufficient to produce a current impulse-from the 
Source through the lamp between the electrodes 
to produce a light flash when the lamp is con 
ductive, a trip circuit comprising a discharge de 
vice having two principal electrodes and a con 
trol electrode, an output circuit connected to the 
principal electrodes provided with a second 
Source of energy, means for normally maintain 
ing the control electrode at a predetermined po 
tential to maintain the discharge device normally 
non-conductive, means for modifying the pre 
determined potential at a predetermined rate to 
render the discharge device conductive at the 
predetermined rate in order that the second 
Source Of energy may produce Suddent violent 
electrical transient impulses in the output cir 
cuit at the predetermined rate, means whereby 
the normally maintaining means maintains the 
control electrode at the predetermined potential 
during times long compared to the duration of 
the transient impulses in the output circuit, and 
means for connecting the output circuit to the 
lamp to transmit the transient impulses to the 
lamp to render the lamp suddenly conductive 
at selected intervals in accordance with the pre 
determined rate in order to produce current.im 
pulses from the first source through the lamp be 
tWeen the electrodes at the Selected intervals 
to produce light flashes of substantial illumina-. 
tion intensity at the selected intervals, and means 
for adjusting the quantity of light in the Eight 
flashes, 

11. A StrobOScope having, in combination, a 
normally non - conductive gaseous - conductor 
lamp for producing light flashes of substantial 
illumination intensity having two electrodes, a 
first condenser, means for connecting the first 
condenser to the electrodes, means for charging 
the first condenser to a Voltage of magnitude in 
Sufficient to effect a discharge of the first con 
denser through the lamp between the electrodes 
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when the lamp, is non-conductive, but sufficient 
to effect a discharge of the first condenser 
through the lamp between the electrodes to pro 
duce a light flash when the lamp is conductive, 
a trip circuit comprising a second condenser, 
means for charging the second condenser, a dis 
charge device connected between the second con 
denser and the lamp, means for impressing in 
pulses at a predetermined rate upon the dis 
charge device, and means controlled by the dis 
charge device in response to the impulses for 
causing the second condenser to induce sudden 
violent electrical transient impulses at the pre 
determined rate for transmission through the 
discharge device to the lamp to render the lamp 
suddenly conductive at selected intervals in ac 
cordance with the predetermined rate in order 
to effect discharges of the first condenser 
through the lamp between the electrodes at the 
selected intervals to produce light flashes of sub 
stantial illumination intensity at the selected in 
tervals, and means for adjusting the quantity of 
light in the light flashes. 

12. A light-flash producer having, in combina 
tion, a normally non-conductive gaseous-con 
ductor lamp for producing light flashes of sub 
stantial illumination intensity having two elec 
trodes, means for connecting the electrodes to 
a source of energy to impress between the elec 
trodes from the source of voltage of magnitude 
insufficient to produce a current impulse from the 
source through the lamp between the electrodes 
when the lamp is non-conductive but sufficient 
to produce a current impulse from the source 
through the lamp between the electrodes to pro 
duce a light flash when the lamp is conductive, 
a trip circuit comprising a normally non-con 
ductive discharge device, means for connecting 
the discharge device to the lamp, means for im 
pressing an impulse upon the discharge device 
to render the discharge device conductive, means 
controlled by the discharge device upon the dis 
charge device becoming conductive for produc 
ing a sudden violent electrical transient impulse, 
and means for transmitting the transient in 
pulse to the lamp to render the lamp suddenly 
conductive in order to produce a current im 
pulse from the Source through the lamp between 
the electrodes to produce a light flash of Sub 
stantial illumination intensity, and means for 
adjusting the quantity. of light in the light flash: 

13. A light-flash producer having, in combina 
tion, a normally non-conductive gaseous-conduc 
tor lamp for producing light flashes of substan 
tial illumination intensity having two electrodes, 
means for connecting the electrodes to a first 
Source of energy to impress between the elec 
trodes from the source a voltage of magnitude 
insufficient to produce a current impulse from 
the source through the lamp between the elec 
trodes when the lamp is non-conductive, but 
Sufficient to produce acticFent impulse.from the 
Source: through the lamp between the electrodes 
to produce a light flash when the lamp is co 
ductive, a trip circuit comprising a discharge 
device having two principal electrodes and a con 
trol electrode, an output, circuit connected to the 
principal electrodes provided. With a condenser 
and a Second source of elaergy for charging the 
Condenser, a transformer having a primary Wind 
ing connected in the output circuit and a second 
ary Winding, means for normally maintaining 
the control electrode at a predetermined poten 
tial to maintain the discharge device normally 
non-conductive, means for modifying the prede 
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termined potential to render the discharge de 
vice conductive in order that the condenser may 
produce a sudden current impulse in the output 
circuit to impress a sudden violent electrical 
transient impulse upon the primary winding, 
means whereby the normally maintaining means 
maintains the control electrode at the prede 
termined potential during a time long compared 
to the duration of the transient impulse, and 
means for connecting the secondary winding to 
the lamp to transmit the transient impulse in 
the primary winding through the secondary 
winding to the lamp to render the lamp suddenly 
conductive in order to produce a current impulse 
from the first source through the lamp between 
the electrodes to produce a light flash of substan 
tial illumination intensity, and means for adjust 
ing the quantity of light in the light flash. 

14. A light-flash producer having, in combina 
tion, a normally non-conductive gaseous-conduc 
tor lamp for producing light flashes of substan 
tial illumination intensity having two electrodes, 
means for connecting the electrodes to a first 
Source of energy to impress between the elec 
trodes from the Source a voltage of magnitude 
insufficient to produce a current impulse from 
the source through the lamp between the elec 
trodes when the lamp is non-conductive but suffi 
cient to produce a current impulse from the 
Source through the lamp between the electrodes 
to produce a light flash when the lamp is con 
ductive, a trip circuit comprising a gaseous-dis 
charge device having two principal electrodes and 
a control electrode, an Output circuit connected 
to the principal electrodes provided with a con 
denser and a second source of energy for charg 
ing the condenser, means for normally maintain 
ing the control electrode at a predetermined po 
tential to maintain the discharge device nor 
mally non-conductive, means for modifying the 
predetermined potential to render the discharge 
device conductive in order that the condenser 
may produce a sudden violent electrical transient 
impulse in the Output circuit, means whereby the 
normally maintaining means maintains the con 
trol electrode at the predetermined potential dur 
ing a time long compared to the duration of the 
transient impulse, and means for connecting the 
output circuit to the lamp to transmit the 
transient impulse to the lamp to render the lamp 
Suddenly conductive in order to produce a cur 
rent impulse from the first source through the 
lamp between the electrodes of the lamp to pro 
duce a light flash of substantial illumination in 
tensity, the gas pressure of the discharge device 
being such that the control electrode loses con 
trol over the discharge device upon the initia 
tion of the production by the condenser of the 
sudden current impulse in the output circuit, 
and means for adjusting the quantity of light in 
the light flash. 

15. A light-flash producer having, in combina 
tion, a normally non-conductive gaseous-conduc 
tor lamp for producing light flashes of substan 
tial illumination intensity having two electrodes, 
a condenser, means for connecting the condenser 
to the electrodes, means for charging the con 
denser to a voltage of magnitude insufficient 
to effect a discharge of the condenser through 
the lamp between the electrodes when the lamp 
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is non-conductive but sufficient to effect a dis 
charge of the condenser through the lamp be 
tween the electrodes to produce a light flash when 
the lamp is conductive, a trip circuit comprising 
a discharge device, means for connecting the dis 
charge device to the lamp, means for impressing 
an impulse upon the discharge device, means 
controlled by the discharge device in response 
to the impulse for producing a sudden violent 
electrical transient impulse, and means for 
transmitting the transient impulse to the lamp 
to render the lamp Suddenly conductive in order 
to effect a discharge of the condenser through 
the lamp between the electrodes to produce a 
light flash of substantial illumination intensity, 
and means for adjusting the quantity of light 
in the light flash. 

16. A light-flash producer having, in combina 
tion, a normally non-conductive gaseous-conduc 
tor lamp for producing light flashes of substan 
tial illumination intensity having two electrodes, 
a first condenser, means for connecting the first 
condenser to the electrodes, means for charging 
the first condenser to a voltage of magnitude 
insufficient to effect a discharge of the first con 
denser through the lamp between the electrodes 
When the lamp is non-conductive but sufficient 
to effect a discharge of the first condenser 
through the lamp between the electrodes to pro 
duce a light flash when the lamp is conductive, 
a trip circuit comprising a second condenser, 
means for charging the second condenser, a dis 
charge device connected between the second con 
denser and the lamp, means for impressing an 
impulse upon the discharge device, and means 
controlled by the discharge device in response to 
the impulse for causing the second condenser to 
produce a sudden violent electrical transient in 
pulse for transmission through the discharge de 
Vice to the lamp to render the lamp suddenly 
conductive in order to effect a discharge of the 
first condenser through the lamp between the 
electrodes to produce a light flash of substan 
tial illumination intensity, and means for ad 
justing the quantity of light in the light flash. 
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