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PATENTED JUN2997 3,590,314 
SHEET 1 OF 5 

Fig. 7 

12 * 
18 - 

11 

15 17 

13 HO 

Pig. 2 

Intensity 

IV. 
Time 

Fig. 3 

  



PATENTED JUN29 1971 3.59 O. 34 
SHEET 2 OF 5 

32 Us 
34. 

30 

31 38 39 

33 36 

IF 
Fig. 5 

  



PATENTED JUN29 (97. 359 O3 l 4 
SHEET 3 OF 5 

  



PATENTED JUN2997 3.590,314 
SHEET 4 GF 5 

  



PATENTED JUN2997 3,590,34 
SHEET 5 OF 5 

Elizai 
". E 

5 

  

  

  



ELECTRONICFLASHLAMP APPARATUS HAVING A 
PLURALITY OF FLASHTUBESSUCCESSEVELY GNITED 

BACKGROUND OF THE INVENTION 
For photographic flashlight purposes and other purposes 

where intense light is needed for a limited time, it is known to 
use flash tubes which are electronically fired, and it is also 
known to employ a light-responsive circuit to terminate the 
flash when sufficient light has been produced to serve the in 
tended purpose (e.g., sufficient light to make the desired ex 
posure on a photographic film). Examples of such arrange 
ments are the constructions disclosed in U.S. Pat. No. 
3,340,426 to Elliot, granted Sept. 5, 1967, and in U.S. Pat. 
Nos. 3,350,603 and 3,350,604 to Erickson, both granted Oct. 
31, 1967. 
The present invention may be regarded as an improvement 

on the arrangements disclosed in the patents just mentioned, 
and the present disclosure proceeds on the assumption that 
the reader is already familiar with the patents just mentioned, 
so that features described in said patents or which will be obvi 
ous from said patents, need not be described in detail herein. 

In said patents, when a flash tubc is fired, the flash continues 
until it is extinguished by operation of a quench tube which is 
in parallel with the flash tube and which serves to short circuit 
the flash tube, thereby terminating the flash. Because of the 
short circuiting, all of the energy stored in preparation for the 
flash will be used up (e.g., the energy stored in a capacitor will 
be used up by complete discharge of the capacitor) even 
though perhaps only a third or a half of this energy was needed 
to produce a flash having the desired amount of light. 
As distinguished from this, the present invention provides a 

plurality of separate flash tubes, preferably connected to a 
common source of stored energy, and a circuit arrangement 
for firing them in rapid sequence and for stopping the firing 
sequence when the successive flashes have produced the 
desired cumulative total of light. Thereby further discharge of 
energy from the storage device (e.g., a capacitor) is 
prevented, and the remaining energy in the storage device is 
available for use in a subsequent firing operation. 
This arrangement results in less drain on the source of ener 

gy which is used in connection with the storage device. Thus 
for example, in the typical case where the source of energy is a 
battery and the storage device is a capacitor, the saving of 
energy which results from stopping the discharge of the 
capacitor when the desired amount of light has been 
produced, means that a smaller battery may be used to 
produce a given number of average flash operations over a 
period of time, thus resulting in lighter and more compact 
flash equipment which is more easily built into or mounted on 
a camera. On the other hand, if it is desired, with the present 
invention, to use a battery of the same size as before, the bat 
tery will last longer because there is less drain on the battery 
when taking a typical flash photograph. For similar reasons, 
the maximum light performance of the flash apparatus can be 
increased, using a battery and other parts which have the same 
dimensions as those used in the prior art. 

It is, accordingly, an important object of the present inven 
tion to provide a generally improved and more satisfactory 
flash apparatus wherein stored energy not required for 
producing a flash of a desired light value is not discharged but 
is conserved for use at a subsequent flash operation. 
Another object of the invention is the provision of flash ap 

paratus so designed and constructed that, as compared with 
prior flash apparatus of the same general character, a smaller 
battery may be used to produce an equal number of useful 
flashes over a period of time, or a battery of the same size may 
be used to produce a greater number of useful flashes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, incorporated herein by 
reference and constituting a material part of the disclosure 
and relating to an exemplary embodiment of the invention: 
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FIG. 1 is a circuit diagram of one form of the invention, 
using two flash tubes; 
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FIG. 2 is a diagram of an alternative circuit for two flash 
tubes; 

FIG. 3 is a diagram of thc ignition sequence; 
FIG. 4 is a diagram of an ignition circuit for igniting two 

flash tubes in sequence; 
FIG. 5 is a diagram of an alternative form of ignition circuit; 
FIG. 6 is a diagram of a circuit for three flash units with a 

continuous ignition cycle; 
FIG. 7 is a diagram of a circuit for three flash units with a 

fixed ignition sequence and with a photoelectric limiting 
system; 

FIG. 8 is a diagram of a circuit similar to that of FIG. 7, but 
using separate transformers for the separate flash tubes; 

FIG. 9 is a perspective view of a four-unit flash apparatus; 
and 

FIG. 10 is a diagram of a further modification of the circuits 
shown in FIGS. 7 and 8. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring first to the form of the invention shown schemati 
cally in FIG. , this comprises a main capacitor 1 with a 
capacity of a few hundred microfarads, connected, via the 
diode 2, in the customary manner, with the main voltage 
supply, usually a direct-voltage concerter, to which the leads 
at the left end of the diagram go. The capacitor 3, having a 
capacity substantially less than that of the main capacitor 1 
(for example, a capacity of a few microfarads) is connected to 
the capacitor 1 via the flash tube 4. A second flash tube 5 is 
connected with the capacitor 3, as shown. 
When the current supply is switched on, the capacitor 1 is 

charged up to its capacity. The capacitor 3 is without charge 
at this time. The ignition of the flash tubes 4 and 5 is effected 
by ignition impulses of the ignition appliances schematically 
shown at 6 and 7, and further described below. 
When the ignition device 6 is operated, the flash tube 4 is ig 

nited. The ignition of this tube completes the circuit between 
the main capacitor 1 and the capacitor 3, so that the capacitor 
3 now becomes charged. The tube 4 supplies only a short light 
impulse, since this tube is extinguished when the capacitor 3 is 
charged up approximately to the potential of the capacitor 1. 
The duration of the flash emitted by the tube 4 is determined 
by the capacity of the capacitor 3 and the internal resistance 
of the flash tube 4. The second flash tube 5 can now be ignited 
by operation of the ignition device 7, as a result of which the 
capacitor 3 is discharged through the tube 5, resulting in a 
flash. At the conclusion of this flash, when the capacitor 3 is 
substantially completely discharged, the capacitor can again 
be partially discharged through the first flash tube 4 (by 
operating the flash ignition device 6) and so on, the flashes of 
the two tubes 4 and 5 alternating with each other in rapid 
sequence, until the storage capacitor 1 is empty or the ignition 
impulse sequence is interrupted. By suitable timing of the im 
pulse sequence, it is possible to insure that the flash sequence 
need last no longer than the direct discharge of the storage 
capacitor 1, as may be seen from FIG. 3. The number of flash 
impulses for each total discharge of the storage capacitor 1 is 
determined by the capacity ratio between the capacitors 1 and 
3. 
From what has been said above, those skilled in the art will 

understand that the system can be used in conjunction with an 
impulse generator with facilities for disconnecting the impul 
ses, for the control of the flash tube output. In conjunction 
with an impulse pickup of which the impulse sequence is ad 
justable, it is possible to obtain a stroboscopic effect. That part 
of the charge of the capacitor 1 which is left unused in each 
case is preserved, and thus is still available the next time the 
apparatus is used. 

FIG. 3 illustrates diagrammatically the cumulative effect of 
the sequential series of flashes. The ordinate represents light 
intensity, and the abscissa represents time. 
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FIG. 2 shows a circuit which is similar in general to that of 
FIG. 1, but different in some details. In FIG. 2, parts which 
correspond to parts in FIG. 1 are indicated by the same 
reference numerals increased by 10, so that the main storage 
capacitor shown at 1 in FIG. 1 is indicated at 11 FIG. 2, the 
diode 2 of FIG. It is indicated at 12 in FIG. 2, and so on. In ad 
dition to the capacitor 13 (corresponding to the previous 
capacitor 3) there is also another capacitor 18. The various 
parts are connected as shown, and it is seen that, depending 
upon whether the flash tubes are conducting (creating a flash) 
or nonconducting, the capacitors may be regarded as being 
sometimes in parallel and sometimes in series with the flash 
tubes. 
A high tension transformer or other suitable source is con 

nected, via the diode 12, to the main storage capacitor i , and 
serves to charge this capacitor. The capacitors 13 and 18 
(each of substantially smaller capacity than the capacitor 11) 
are also charged. When the ignition device 16 fires the tube 
14, the capacitor 18 is discharged through the tube 14, and at 
the same time the capacitor 13 keeps its charge or, if previ 
ously discharged, is recharged by the capacitor 1. Then upon 
the ignition of the tube 15 by operation of the ignition device 
17, the capacitor 13 discharges through the tube 15, and at the 
same time the storage capacitor 11 charges the previously 
discharged capacitor 18. The flashes thus continue alternate 
ly, first one tube and then the other, as long as the firing or ig 
nition devices 16 and 17 continue to operate, or until the 
charge from the storage capacitor 11 is used up. If the firing of 
the tubes stops before the charge on the storage capacitor 11 
is used up, the remaining charge is saved, and is available for 
subsequent use at another flash operation. It will be noted that 
in this system illustrated in FIG. 2, the loading of both flash 
tubes 14 and 15 is symmetrical, assuming that the two capaci 
tors 13 and 18 are of the same capacity. It will also be noted, 
both with respect to the arrangement in FIG. 1 and the ar 
rangement in FIG. 2, that at no time is the storage capacitor 1 
or 11 short circuited, as is done in certain prior art devices, the 
prior art arrangement resulting in complete dissipation of thc 
entire stored charge, each time the flash apparatus is used. 

If the impulse sequence is to be concentrated in a shorter 
period, of the same order of magnitude as the normal 
discharge of the storage capacitor, difficulties arise owing to 
the fact that the ignition capacitors have to be charged up 
within very short periods of a few microseconds, which are ex 
tended by drop resistors and the efficiency of the current 
source. Use is therefore made of an ignition apparatus which is 
adapted to the purpose in view, and which is free of the disad 
vantages mentioned. 
One constructional version of such ignition apparatus is il 

lustrated in FIG. 4. A storage capacitor 2 is charged, from 
the current source, through the diode 22. Its capacity can be 
made great enough to insure that it will be sufficient for the 
total ignition impulse sequence. The charging takes place be 
fore the commencement of the flash, so that sufficient time is 
available. The actual ignition capacitor 23 can be charged in a 
very short time via the thyristor 24 and the ignition trans 
former 25. In this process, a high tension impulse occurs in the 
high tension secondary side of the transformer 25. In known 
manner, this high tension impulse produces the firing or igni 
tion of the particular flash tube with which the transformer 25 
is associated. 
When the ignition capacitor 23 becomes fully charged, the 

thyristor 24 is extinguished. The ignition capacitor 23 can now 
be discharged through the thyristor 26 and the transformer 27, 
which produces a high tension impulse in the high tension 
secondary side of this transformer 27, thereby igniting or fir 
ing the particular flash tube with which this transformer 27 is 
associated. This process can be repeated continuously, firing 
first one tube and then the other, if a generator causing the 
thyristors 24 and 26 to be switched on at the desired intervals 
is used for controlling them. The generator, schematically 
shown at 28, may comprise, for example, a multivibrator 
(astable flip-flop), which can be caused to oscillate by releas 
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4. 
ing a blocking device. By a control apparatus schematically 
shown at 29 (e.g., a timer) preceding the generator 28, the 
number of high tension ignition impulses given off by the igni 
tion device can be limited. Alternatively, instead of limiting 
the firing as a function of time, it can be limited by the use of 
an integrating photoelectric luminous-density measuring 
device of a form known perse, such for example as the devices 
referred to in the prior patents above mentioned, which will 
cut off the operation of the generator 28 when the cumulative 
light resulting from the series of flashes reaches a given cumu 
lative total, which total may be variable or adjustable. 
A second version of ignition apparatus is shown in FIG. 5. 

This is similar in general to the ignition apparatus shown in 
FIG. 4, but differs in details. Two ignition capacitors 30 and 
33 are provided, in a symmetrical circuit analogous to the 
symmetrical flash tube circuit illustrated in FIG. 2. Except for 
the provision of this second ignition capacitor, the parts in 
FIG. 5 which correspond to parts in FIG. 4 have been given 
the same reference numerals raised by 10, so that the storage 
capacitor shown at 21 in FIG. 4 is indicated at 31 in FIG. 5, 
thc diode 22 of FIG. 4 is shown at 32 in FIG. 5, and so on. It is 
believed that further explanation of the circuit in FIG. 5 is un 
necessary. 
Thc invention is not limited to the use of only two flash 

tubes. Any desired number, three or more, may be employed, 
as illustrated in FIGS. 6-10. 

Referring to FIG. 6, a number of equivalent flash units are 
provided, each having its own flash tube, flash capacitor, and 
ignition circuit. Three flash tubes are indicated at 41, 42, and 
43, having respective flash capacitors 44, 45, and 46, and 
respective ignition circuits shown schematically at 47,48, and 
49. The capacitors 44, 45, and 46 are charged from the bat 
tery 50, through the direct voltage transformer 51 and the 
diodes 52, 53, and 54. The ignition circuits 47, 48, and 49 are 
controlled through the respective thyristors 55, 56, and 57, 
which are connected with the ignition impulse distributor 58, 
which consists of a ring selector circuit of a kind already 
known per se. At each contact produced by the synchrocon 
tact 59, the ignition impulse is passed on to the next flash unit, 
so that the flash units are individually ignited in turn and con 
tinuously. By short circuiting the ignition impulse distributor 
58, it is also possible for all of the flash tubes, if necessary, to 
be ignited simultaneously. 

In the case of the two tube arrangements shown in FIGS. 1 
and 2, the total of the separate flashes that can be obtained is 
controlled by the capacity of the storage capacitor 1 or 11. In 
the arrangement shown in FIG. 6, however, the total flash out 
put that can be obtained upon a single operation of the flash 
apparatus is the sum of the individual flash outputs of the in 
dividual tubes, each determined by the capacity of its in 
dividual capacitor 44, 45, or 46. As the flash cycle can be 
produced a number of times in succession, a multiple of the 
single cycle light output is available, if the direct voltage con 
verter is of the required efficiency and if the time sequence of 
the flashes is appropriately adapted to the time required for 
recharging the individual capacitors. In order to speed up the 
recharging of the individual capacitors and thereby allow the 
cycle to be repeated more rapidly, it may be advisable to pro 
vide each capacitor with its own individual charging con 
verter, as described below in connection with FIG. 8. 
To produce the impulse sequence, the above-mentioned 

contact 59 can be replaced by an impulse generator 60, with 
an operating contact or switch 61. This impulse generator 60 
may, for example, comprise a number of univibrators, known 
per se, connected to each other in such a way that the rear 
flank of a univibrator impulse in each case actuates the follow 
ing univibrator, so that the flash units are ignited in succes 
sion. The sequence can thus be either compressed or extended 
in time, as desired. 

In FIG. 7, there is illustrated a circuit similar to that 
described above in connection with FIG. 6, but modified to 
provide for automatic photoelectric illumination control. For 
the sake of clarity, corresponding parts in FIG. 7 are identified 



s 3,590,314 
S 

by the same reference numerals used in FIG. 6, with the addi 
tion of 100 to each. Thus the flash tubes indicated at 41, 42, 
and 43 in FIG. 6 are indicated at 14, 142, and 43 in FIG. 7, 
and so on. Corresponding parts in FIG. 7 which operate in the 
same way as in FIG. 6, therefore need no further description. 
The ignition impulse distributor 58 of FIG. 6 has been 

eliminated in the arrangement shown in FIG. 7, as the impulse 
generator 160, when the contact 61 is actuated, always ig 
nites the tubes 141, 142, and 143 in the same order, starting 
with the tube i41. It is particularly advantageous to have the 
outputs of the individual flash appliances graduated in a 
quadratic series, for example 1, 2, 4, 8, and 16, if for example 
five flash tubes are used. If a single transformer is used, com 
mon to all the capacitors, the respective capacities of the 
capacitors would be graduated according to the same series. If 
separate transformers for the respective flash tube circuits are 
used, the respective voltages supplied by the respective trans 
formers may be graduated according to the same desired se 
ries, rather than graduating the capacities of the capacitors. 
The graduation according to the quadratic series enables 

the illumination to be advantageously adapted to the various 
different distances of the subject from the flash apparatus, as 
the higher powers are required only in the case of greater 
distances, and increase with the square of the distance. By 
slightly advancing the ignition of the respective stages, in com 
parison with the number of stages required according to mea 
surement, it is possible to insure that the ignition will not be in 
adequate at any point over the entire range. 
The ignition circuits 47, 148, and 149 of the flash tubes 

141, 142, and 143 are actuated by the thyristors 155, 156, and 
157. When the contact 161 is actuated, the impulse generator 
160 is set in operation, and this emits a sequence of three posi 
tive impulses (or more, if more than three tubes are used) 
which, in succession and via the capacitors 162, 163, and 164, 
control the thyristors 155, 156, and 157, and thus control the 
corresponding ignition circuits 147, 148, and 149. The im 
pulse generator may consist, for example, of three univibra 
tors, in which case the first univibrator, in known manner, ac 
tuates the next univibrator by the rear flank of the resultant 
impulse, after it has been set in operation, and so forth. The 
retardation can be individually adapted to the duration of the 
flash, particularly when different flash units are employed. 
Thyristors 155, 156, and 157, however, can only be set in 
operation if the transistor 165 is blocked, which is the case as 
long as the exposure has not yet reached the preselected level. 

For this purpose, a photoelectric light transformer 166 is 
provided, which measures the light of the flash tubes 141, 142, 
and 143 which is reflected back from the subject being photo 
graphed. This measurement is integrated over time by an in 
tegrating device 167, and is conveyed, after being amplified by 
an amplifier 168, to a diode 169, as a threshold indicator. As 
soon as the threshold value has been reached, the transistor 
165 is supplied with a positive impulse, and is thus rendered 
conductive. The control grids of the thyristors 155, 156, and 
57 thus receive a negative bias voltage. The thyristors which 
up to that moment have not yet been ignited can then no 
longer be influenced by the impulse generator 160. The neces 
sary negative potential is generated by an additional battery 
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168 in FIG. 7, is here shown schematically as a single sensing 
unit 174. 
Although only three flash lamps have been shown in the 

various arrangements illustrated in FIGS. 6-8, it will be un 
derstood by those skilled in the art that any desired number of 
flashlamps can be used, providing cach of them with a capaci 
tor, a firing or ignition circuit, an ignition controlling thyristor, 
and so on. 

It is convenient and advantageous in practice to provide the 
flash apparatus of the present invention in a simple and com 
pact unit which can be held in the hand of the photographer or 
can be mounted, if desired, on the camera body. Such a unit is 
illustrated somewhat schematically in FIG.9, and comprises a 
casing or housing portion 200 containing the necessary 
capacitors and other circuit parts for controlling four separate 
flash tubes 201, 202, 203, and 204. A cylindrical extension 
205 serves both as a handle for conveniently holding the flash 
unit in the hand of the photographer, and also as a housing 
containing the battery or batteries. Each flash tube is provided 
with an individual reflector of its own, as shown, the reflectors 
all being faced in the same direction. As the flash output of 
each individual flash tube need be only a fraction of the output 
of a normal flashlamp, the various individual flash tubes can 
all be accommodated in a compact unit, the dimensions of 
which need not exceed the dimensions of a conventional flash 
unit of the prior art, using conventional flashlamps. This ap 
plies particularly to the version illustrated in FIG. 6, where the 
total performance (that is, total amount of light produced) 
may be subdivided among several complete cycles repeated in 
rapid succession, so that each individual tube and its as 
sociated capacitor may be quite small and compact. In this 
form illustrated in FIG. 6, as well as in all of the other forms of 
the invention, the flash intervals can be kept so short that they 
are not perceptible as individual flashes, and they appear to be 
a single flash, even though actually made up of a number of 
flashes of different tubes occurring in rapid succession with 
the entire sequence possibly repeated a second or third time 
or more after each of the individual tubes has been fired once. 
Another form of the invention is illustrated in FIG. O. This 

is mainly the same as the form shown in FIG. 8, and cor 
responding parts are identified by the same reference nu 
merals used in FIG. 8, so require no further description. The 
difference is that, in FIG. 10, each individual flash tube 141, 
142, and 143 has its own individual means for terminating the 
flash at a variable point during what would otherwise be the 
duration of the flash, in case the required cumulative total of 
light has been reached at an intermediate point of the duration 
of the flash. This enables a closer control of the total light out 
put produced upon a given actuation of the flash apparatus, 
than would be possible if each tube, once having been fired, 
would have to complete its own flash to the limit of the charge 

55 

60 
175, or is branched off of the transformer 151. A potentiome 
ter 170, connected between the amplifier 168 and the diode 
169, is used for adjusting the sensitivity and for taking into ac 
count the film speed and any desired adjustable factor of the 
camera, such as the diaphragm aperture. 
Another modification of the circuit is illustrated in FIG. 8. It 

is basically similar to the circuit described in connection with 
FIG. 7, and most of the parts are identified by the same 
reference numerals used in FIG. 7, so require no further ex 
planation. The main difference is that, instead of having the 
individual capacitors charged from a single transformer 151 in 
FIG. 7, the individual capacitors 144, 145, and 146 are here 
(in FIG. 8) provided with individual transformers 171, 172, 
and 173, respectively. Also, the photoelectric measuring and 
integrating device indicated schematically at 66, 167, and 
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on its own individual capacitor. 
The flash terminating device for each flash tube, in the ar 

rangement shown in FIG. 10, is in the form of a quench tube, 
one for each flash tube, the quench tubes being shown at 181, 
182, and 183, respectively. Each quench tube has its own igni 
tion circuit or firing circuit schematically shown at 84, 185, 
and 186, respectively, these quench ignition circuits being ac 
tuated by thyristors 187, 188, and 189, respectively. 
To insure that only the quench tube or switch tube 181, 

182, and 183 which is associated with the flash tube which is 
flashing at that moment, can be ignited, the positive impulse 
occurring when the threshold value of light output is reached, 
is conveyed by the diode 169 to the thyristors 187, 188, and 
189, through normally conductive transistors 190, 191, and 
192, respectively, which are coupled to the impulse generator 
in such a way that the bases of these transistors normally have 
positive voltage. The control signal is thus short circuited and 
becomes inoperative. When the generator 160 supplies posi 
tive signals in succession to the thyristors, the grid transistors 
190, 191, and 192 can at the same time be blocked in succes 
sion, in that the voltage, from the point of view of the impul 
ses, drops at the base to zero or to a negative value. The 

  



3,590,314 
7 

transistor in question is thus blocked, and the thyristor as 
sociated with it can be ignited by the control signal of the 
diode 169. This operates the firing circuit of the associated 
quench tube (181, 182, or 183) and when the quench tube 
fires, it short circuits its associated flash tube and immediately 
stops the flash thereof, even though otherwise the flash might 
have continued for a somewhat longer time. 

It is true that with this short circuiting arrangement of ter 
minating the flash, the individual capacitor 144, 145, or 146 is 
thereby short circuited and fully discharged, so that some 
energy is lost. However, the total energy consumption is no 
greater than in the arrangements previously described in con 
nection with FIGS. 6-8, for if the flash of a particular tube 
had continued and had not been quenched at an intermediate 
point, it would have consumed all of the energy in its as 
sociated individual capacitor. 

In order to produce this quenching action, the respective 
quench tubes 181, 182, and 183 must have a relatively low im 
pedance as compared with the impedance of their respective 
main flash tubes 41, 142, and 143. This matter of the relative 
impedances of the tubes is known perse in the art. 
This arrangement for extinguishing a flash tube at an inter 

mediate point in its normal flash, if the required amount of 
light has been produced at that time, is particularly ad 
vantageous when a series of flash tubes are arranged in a 
quadratic series of light values, as above suggested. At the mo 
ment when sufficient light has been produced for purposes of 
the photograph being taken, if it happens to be a tube with a 
low light value (1 or 2, for example) which is then firing, it 
does not greatly matter whether the tube completes its normal 
flash or not. But if it is a tube with a higher light value (e.g., a 
light value of 8 or 16) which is then flashing at the moment 
that the desired total of light output has been produced, there 
might be serious overexposure of the photograph if the tube 
were allowed to continue through its complete normal flash. 
The present arrangement cuts off the flash at the proper point, 
avoiding overexposure. 

Reference has been made above to a quadratic series of 
relationships such as 1, 2, 4, 8, etc. To avoid possible confu 
sion or misunderstanding, it is pointed out that such a series is 
often called a geometrical series or progression, as well as a 
quadratic series or progression. 

It is to be understood that the disclosure is given by way of 
illustrative example only, rather than by way of limitation. 

I claim: 
1. Flashlamp apparatus for photographic purposes compris 

ing a series of associated flash tubes each powered by an in 
dividual capacitor, means for firing said flash tubes successive 
ly in rapid sequence, means for measuring and integrating the 
quantity of reflected light reaching the flashlamp apparatus 
from a subject being photographed, and means responsive to 
said measuring and integrating means for terminating the suc 
cessive firing of said flash tubes when the integrated quantity 
of reflected light reaches a predetermined threshold value, so 
that further firing of flash tubes will not occur after said 
threshold value has been reached. 

2. Flashlamp apparatus as defined in claim 1, wherein each 
successive flash tube in the series produces, when flashed, a 
greater quantity of light than the preceding flash tube in the 
series. 

3. Flashlamp apparatus as defined in claim 1, wherein the 
light values produced by flashing the successive tubes have the 
relation to each other of an ascending quadratic series. 

4. Flashlamp apparatus as defined in claim 1, further includ 
ing means responsive to said measuring and integrating means 
for terminating a particular flash then in progress when said 
threshold value is reached during the progress of a particular 
flash. 

5. Flashlamp apparatus, particularly for photographic pur 
poses, comprising a plurality of flash units each including a 
flash tube, a capacitor individual to that flash tube, and igni 
tion circuit means including a thyristor for controlling the igni 
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8 
tion circuit means, impulse generating means for activating 
said thyristors successively in turn, and means for interrupting 
effective operation of said impulse generating means, said 
means for interrupting effective operation of said impulse 
generating means including a threshold indicator (169), a 
transistor (165) operatively connected to said indicator and 
rendered conductive when a threshold value is reached, and 
connections from said transistor to said thyristors for supply 
ing control grids of the thyristors with a negative bias voltage 
when said transistor is conductive, to prevent impulses from 
being passed through said thyristors. 

6. A construction as defincd in claim 5, wherein said means 
for activating said thyristors in turn includes a ring selector im 
pulse distributor. 

7. A construction as defined in claim 5, wherein said means 
for activating said thyristors in turn includes an ignition im 
pulse generator and an ignition impulse distributor in series 
with each other. 

8. A construction as defined in claim 5, further including a 
photoelectric light transformer responsive to light reflected 
from a subject illuminated by said apparatus, and an integrat 
ing device responsive to said photoelectric light transformer, 
said threshold indicator being operatively connected to and 
responsive to said integrating device. 

9. A construction as defined in claim 5, wherein each of said 
flash units is provided with a special direct-voltage trans 
former (171, 172, 173). 

0. A construction as defined in claim 5, in which each of 
said flash units produces, when flashed, a different light value 
from that produced by the other units, the light values of the 
respective light units in the order in which they are respective 
ly flashed being arranged in a geometric progression. 

11. A construction as defined in claim 5, further comprising 
a separate quench tube connected in parallel with each of said 
flashlamps and serving, when ignited, to short circuit the 
flashlamp with which it is connected in parallel, thereby to ter 
minate any flash then in progress in the flashlamp with which 
it is connected, and means responsive to light reflected from a 
subject illuminated by said flashlamps for igniting the quench 
tube of at least a flashlamp in which a flash is then in progress 
and for concomitantly interrupting effective operation of said 
impulse generating means so that further flashlamps will not 
be ignited, when the light reflected from said subject reaches a 
selected value. 

12. A construction as defined in claim 5, further comprising 
a separate quench tube connected in parallel with each of said 
flashlamps and serving, when ignited, to short circuit the 
flashlamp with which it is connected in parallel, thereby to ter 
minate any flash then in progress in the flashlamp with which 
it is connected, and means responsive to light reflected from a 
subject illuminated by said flashlamps for igniting the quench 
tube of at least a flashlamp in which a flash is then in progress, 
when the light reflected from said subject reaches a selected 
value. 

13. A construction as defined in claim 12, in which said 
means for igniting the quench tube ignites only the quench 
tube of a flashlamp in which a flash is then in progress, without 
igniting the quench tube of any flashlamp in which a flash is 
not occurring. 

14. Flashlamp apparatus for photographic purposes com 
prising flash tube means, a series of individual capacitors for 
powering said flash tube means, means for causing said 
capacitors to fire said flash tube means in a series of successive 
flashes in rapid sequence, means for measuring and integrat 
ing the quantity of reflected light reaching the flashlamp ap 
paratus from a subject being photographed, and means 
responsive to said measuring and integrating means for ter 
minating the successive firing of flashes when the integrated 
quantity of reflected light reaches a predetermined threshold 
value, so that further firing of flashes will not occur after said 
threshold value has been reached. 
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