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Claims. 

This invention relates to the integration of 
radiant energy involved in photochemical reac 
tions where the intensity of the radiation varies, 
and where the extent of the photochemical effect 

5 is a function of the product of intensity and 
time. 

In the making of photographic reproductions 
there are three primary factors to be taken into 
account in Securing correct exposure, namely: 
the sensitivity of the light-sensitive material 
which is being eXposed, the intensity of the light, 
and the duration of the exposure. In the graphic 
arts, including photolithography, long exposures 
are the rule, and variable light sources are usually 
employed. Thus the need of an integrating light 
meter will be apparent. 
By way of example, in photolithography arc 

lamps are usually used as a source of illumination 
in copying. Arc lamps are highly desirable be 
cause of their relatively great light intensity; but 
this intensity cannot easily be kept constant. Be 
Side the fact that highly responsive electrical and 
mechanical equipment would be necessary if such 
control Were attempted, whereas. Such equipment 
is not in common use and is exceedingly expen 
Sive, there is the fact that uncontrollable and 
sporadic variations in the light from the lamps 
falling on any given surface occur from such 
factors as line voltage fluctuations, the shapes of 
the carbon tips as they burn, the position of the 
flame as it rises from the arc, the swinging of 
the flame around the carbons and the non-uni 
formity of the carbons. The result of these vari 
ations is to vary the degree of photochemical 
effect on the sensitized material which is ob 
tained in any given time. The exposure is long 
enough to permit these sporadic variations to 
exert an important effect upon the exposure, but 
not long enough to permit these variations to 

40 average themselves out. In many instances the 
latitude of the sensitized material is not enough 
to compensate for these variations, and in all 
work where precise reproduction is desired, there 
is a clear need for some means of integrating 
character which will give an exact indication of 
the total quantity of light falling on a surface 
in a given time, taking into account the interim 
variations in intensity. Putting it another way, 
there is need in the graphic arts of a mechanism 

50 which will indicate in point of time when a pre 
determined quantity of light has fallen on a 
given surface, no matter how long this takes due 
to variations in the source. 

In the graphic arts also, there is need of an 
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(C. 88-23) 
tensity-duration value and which will auto 
matically give an exposure of this value, although 
the time of such exposure varies with variations 
in average intensity. 

It will be understood that my invention is not is 
only applicable to the exposure of negative mate 
rial in a camera, but also to the positive printing 
Operation known as plate making, and other 
operations in the graphic arts; and is also appli 
cable to the control of photo-chemical reactions 10 
in general. 

It is an object of my invention to provide a 
device satisfactory to the ends described above. 

It is my object to provide a device which will 
automatically control the exposure of sensitized l3 
materials in accordance with the total quantity 
of light falling thereon. It is my object to fur 
nish an apparatus of this type which is simple 
in construction and low in cost so that it can be 
made available to the worker in the photochem- 20 
ical and graphic arts. 

It has hitherto been suggested to cause the 
light falling upon or reflected from an object to 
be copied, to fall upon a photo-tube, and to cause 
the current flowing through the tube to control 25 
the frequency of a suitable impulse discharge 
circuit. Since the current flowing through the 
photo-tube is proportional to the intensity of the 
light falling upon it, the frequency of the im 
pulses or the interval between impulses becomes 30 
proportional to the light intensity; and if a de 
sired exposure is based upon a given number of 
impulses, successive exposures may vary as to 
time duration, but will be constant as to light 
quantity. To this end counters actuated by the 35 
impulses through relays have been suggested. 

It is an object of my invention to provide in 
proved means for this purpose. It is a further 
object of my invention to provide improved appa 
ratus which is independent of variations in fac- 40 
tors other than the factor of light intensity. It 
is also an object of my invention to provide im 
proved electrical circuits for such apparatus. 
Again it is an object of my invention to provide 
means whereby the frequency of the impulses for 45 
a constant light intensity may be more constant, 
and whereby the interval between the initial im 
pinging of the light on the photortube and the 
first impulse will not be abnormally long, but 
will be the same or much more nearly the inter- 50 
val between subsequent impulses, assuming a 
constant intensity of light. Also it is an object 
of my invention to provide means whereby the 
integrating apparatus may be caused automati 
cally to terminate the exposure as well as to give 55 
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2 
a visible or audible signal. Still another object 
of my invention is to provide an assembly of ap 
paratus of electrical character which may be ac 
tuated by the usual electrical current from the 
mains, and will be independent of variations in 
the line voltage. 
These and other objects of my invention which 

will be set forth hereinafter or will be apparent 
to one skilled in the art upon reading these speci 
fications, I accomplish by that certain construc 
tion and arrangement of parts of which I shall 
now set forth certain exemplary embodiments. 
Reference is made to the drawings in which: 

Figure 1 is a simplified circuit diagram illus 
trating the principle of operation of my electrical 
leaS. 
Fig. 2 is a circuit diagram indicating in addi 

tion one means for Operating the circuit of Fig. 1 
from a standard source of alternating current. 

Fig. 3 is a circuit diagram showing the oscilla 
tory means in a form preferred by me. 

Fig. 4 is a representation of the means for ef 
fecting automatic operation of an exposure de 
vice Such as the shutter of a camera, or means for 
controlling the light source. 

Fig. 5 is a diagram of the control circuits. 
The general features of my invention will be 

apparent from the ensuing description; and in 
the several drawings like parts have been given 
like index numerals. 
In Figure 1, PT is a photo-tube having in se 

ries with it a Source of E. M. F. shown as a bat 
tery B1. The photo-tube circuit is completed by 
a condenser C1; and it will be evident that cur 
rent flowing through the tube in this circuit 
charges the condenser. Since the amount of cur 
rent flowing in the circuit is proportional to the 
intensity of the light falling on the photo-tube, 
the charging rate of the condenser will be pro 
portional to the said light intensity. 
The condenser is arranged to discharge 

through a gaseous glow-discharge tube GT, pref 
erably a triode tube with heated cathode. The 
anode or plate of the tube is connected directly 
with the positive side of Condenser C1; while the 
cathode of the tube is grounded through an in 
ductance L and a resistance R2. The condenser 
discharge circuit is completed by a connection 
between the negative side of the condenser Ci and 
ground through a biasing batteryB2. 
The grid of the tube GT is connected through 

a resistance R1 to the movable contact of a po 
tentiometer Pi, which potentiometer is connected 
aCrOSS the terminals of a Source of E. M. F. in 
dicated as a battery B3. By these means the grid 
bias potential of the gaseous glow discharge tube 
GT1 may be varied. 
The operation of the circuit elements thus far 

described is as follows: When light falls on the 
photo-tube PT1 is becomes conductive, and bat 
tery B1 is enabled to charge condenser C1 at a 
rate depending upon the light intensity. The 
charging of the condenser proceeds at a rate 
varying with the light intensity until the con 
denser reaches a potential sufficient to initiate a 
discharge in the tube GT1. The striking voltage 
of the gaseous glow discharge tube may be varied 
by controlling the grid bias of the tube by means 
of the potentiometer Pi. When the discharge 
voltage is reached, the condenser Ci discharges 
through the plate-cathode circuit of the tube GT 
(that is from plate to cathode). The discharge 
continues until the charge on Cifalls to the ex 
tinction potential, whereupon the discharge 

resistance. 

2,232,373 
ceases. It will be clear that successive discharges 
occur in this circuit dependent as to interval 
upon the quantity of light falling upon the pho 
to-tube; and that both general variations in 
light intensity and sporadic variations therein 
will vary the time intervals between discharges. 
Thus the number of impulses becomes a measure 
of the quantity of incident light. 
The function of the battery Ba in the circuit is 

to place the condenser C1 initially at a voltage 

5 

0. 
which is just slightly less than the arc breaking 
or extinction potential of the tube GT1. 
out voltage at B2, the condenser Ci would charge 
from zero potential to the striking potential of 
the tube GT, produce a discharge, fall to extinc 
tion potential, and then continue to fluctuate be 
tween these two potential values. The result is 
that the time interval beween the starting of the 
apparatus and the initial discharge becomes ab 
normally long, because the condenser must be 
charged from zero to striking potential, where 
as on succeeding impulses it does not fall to zero 
potential and therefore does not take as long to 
rise to striking potential, light intensity being as 
sumed constant. By biasing the condenser C1 
with the battery Ba or its equivalent, the interval 
between the start of the apparatus and the first 
impulse is made the same as or comparable to the 
intervals between succeeding impulses. 

In the lead between the cathode of tube GT1 
and ground, I insert the inductance I and re 
sistance Ra as aforesaid. Ramay be and prefer 
ably is...variable for a reason which will be pres 
ently explained. I have found that the use of a 
choke or inductance L. makes it possible for the 
condenser C1 to discharge to a lower potential 
through the tube GT1 than is possible with pure 

Further the combination of Lu and 
Ra (where Ra is variable or is varied) makes it 
possible to adjust the extinction potential, and 
hence the time interval between successive in 
pulses, within rather wide limits. By way of 
example, without the use of battery B2 or its 
equivalent, the voltage on condenser C1 immedi 
ately after discharge through GT has been var 
ied from -15 volts to -60 volts in an exemplary 
device-that is to say, the plate potential of GT1 
with respect to ground after discharge has been 
varied between -15 volts and --60 volts. This 
means of adjusting the time interval between im 
pulses applies to all intervals following the first 
time interval after putting the device into oper 
ation. The length of the first time interval is 
adjusted, as explained, by the bias on the Con 
denser C1. The combination of the two adjust 
ments is desirable in equalizing the time inter 
vals, and the setting of these adjustment means 
holds for all positions of the sensitivity adjust 
ment (which is the potentiometer P and which 
varies the grid bias of the tube GT1). 

Still referring to Figure 1, GT2 represents a 
second gaseous glow discharge tube of triode 
character. The cathode of this tube is directly 
grounded. The grid of the tube is connected 
through a resistor R4 and a blocking condenser 
to the cathode of the tube GT1. This connection 
may be made if desired to the cathode-to-ground 
circuit of tube GT1 between the inductance L and 
resistance Ra if desired, the object being to keep 
Oscillations, arising elsewhere, Out of the circuits 
of tube GT1. I have not, however, found this 
necessary. The grid of tube GT is also con 
nected through the resistor R4 and a resistor 
R3 to the movable contact of a potentiometer 
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Pa, one end of which is grounded to complete 
the circuit. The resistance element of poten 
tiometer Pashunts a battery B5. Thus the grid 
bias of tube GTa may be adjusted. 
The anode of tube GT is connected through 

a magnet coil K and a Source of alternating cur 
rent G to ground. The magnet coil K is by 
passed by a condenser C3, which serves to pre 
vent the coil from being actuated by each half 
cycle pulse of direct current from the alternating 
source G, and also makes for steadier operation. 

In operation, when a discharge occurs in tube 
GT1, the voltage drop across the resistor R2 and 
inductance L. resulting from the flow of current 
through them, results in the impressing of a 
momentary positive voltage impulse. The nor 
mal grid bias on the tube GT2 is so negative that 
no plate current can flow; but the momentary 
rise of the grid voltage to a less negative value 
permits the flow of plate current to energize the 
magnet coil. K. For purposes of this discussion 
the magnet coil may be thought of as the coil 
of an electrically operated counter, an automatic 
timing means, or the energizing coil of a relay. 
The tube GT acts as a half-wave rectifier for 

the alternating current from Source G, and per 
mits the current to flow through the coil K only 
during the half-cycles when the plate of GT2 is 
positive with respect to its cathode. The time 
constant of the grid circuit of the tube GT2, which 
is determined by the values of capacity Ca, in 
ductance I, resistors R2 and R3 and part of the 
resistance of potentiometer P2, is such that the 
coil K is energized long enough to operate the 
counting mechanism. As soon as the voltage on 
the grid of GT2 returns to its normal value, the 
flow of plate current through the magnet coil K. 
ceases, The intervals between impulses in the 
discharge circuit of my System are very much 
longer than the time intervals represented by 
the frequency of 60-cycle alternating current, of 
course. 

If D. C. voltage were applied to the circuit at 
the point G, after the occurrence of a discharge, 
the plate current would continue to flow after 
the return of the grid to normal voltage, With 
alternating current the complete cut-off of cur 
rent through the tube GT after each half cycle 
allows the grid to regain control and prevent fur 
ther flow of plate current. It would be possible 
to use a Source of direct current at G, but in this 
event means Would have to be provided to drop 
the plate voltage below extinction potential after 
each impulse to allow the grid to regain control 
of the tube. One means of doing this comprises 
the use of two tubes in the place of the tube GT2, 
with the plate of one of the tubes connected 
through the coil K to the source of plate voltage, 
the plate of the other tube being connected 
through a resistor to the plate supply, and with 
a condenser connected between the two plates. 
Again, in the place of the gaseous discharge 

tube GT2, a vacuum tube may be used, biased 
beyond cut-off except when impulses occur with 
the discharge of condenser C1. In this case either 
A. C. or D. C. potential may be used on the plate 

70 

of the tube. , 
Flament voltages for the tubes are indicated in 

Figure 1 as supplied by batteries B4 and B6. 
Figure 2 shows an arrangement intended for 

use with alternating current voltage supply from 

75 

city mains, but, without a transformer. Like 
parts have been given like index numerals in this 
figure and will be readily recognized. In this 
circuit the power leads from the standard 120 

3 
volt 60-cycle mains are so marked. C5 is a con 
denser bridging the power leads and acting to 
prevent the most rapid line voltage surges from 
reaching the various circuits herelnabove de 
scribed. All power represented by the various 
batteries of Figure 1 is supplied from the mains 
in Figure 2. The filaments of GT, GT aid the 
rectifier tube are in series and this series circuit 
through resistance Rs is connected across the 
power leads. RT is an electronic rectifier tube, 
and C4 is a filter Condenser. The grid bias for 
GT1 is derived through potentiometer P1, and 
the grid bias for GT2 is derived through poten 
tioneter, Pa. The positive bias on condenser C1 
is derived through a potentiometer P3. These 
three potentiometers are all located in a circuit 
across the mains including the rectifier tube RT, 
the Cathode of which is connected to the resist 
ance R5 through a tap P. In this modification 
the photo-tube PT has alternating current ap 
plied to it, but since a tube of this type is self 
rectifying, the effect is essentially the same as 
though a direct current were used. 
The arrangement shown in Figure 2, while 

Satisfactory for certain uses, is sometimes affected 
by Surges in line Woltage. When lights or motors 
connected to... the same mains are turned os. or 
off, surges may enter the circuits of my inven 
tion, which surges may occasionally be of suffi 
cient magnitude and of proper direction to cause 
the tube GT2 to become conducting and register 
an impulse. Such spurious impulses happen most 
frequently when the charge on condenser C1 is 
near the striking potential of tube GT1 when only 
a small rise in voltage is sufficient to trip the 
circuit. 
A circuit arrangement which provides against 

this contingency is shown in Figure 3. Here 
again the impulse circuits are the same and like 
indicia, have been used for like parts. Ground 
connections are shown to the chassis of the in 
strument. A. shield for the photo-tube is also 
shown. The mains are again indicated as before, 
and a somewhat more elaborate condenser Sys 
tem comprising Cs and C7 with an intermediate 
connection to ground is employed. A transformer 
T has its primary 5 fed from the mains through 
a voltage regulator VR, which may be a satu 
rated-core transformer or other type of Voltage 
regulation device. A so-called ballast tube may 
be employed, but is not so satisfactory since it 
allows a certain amount of variation and since 
it has an appreciable time lag. The transformer 
supplies power to all of the circuit elements while 
eliminating direct connection with the power 
lines. The transformer has a plurality of second 
ary windings and electrostatic shields between 
the windings, as indicated, to prevent electro 
static coupling between the circuits. A second 
ary is connected, as indicated by broken leads 
X-X to the heater of the tube GT1. A secondary 
winding 2 is connected to the heater of the rec 
tifier tube RT and by broken leads Y-Y to the 
heater of tube GT2. Still another secondary 
winding 3 is connected to the circuit of the rec 
tifier tube which furnishes D. C. bias to the con 
denser C and to the grids of the tubes GT1 and 
GT. The last secondary winding 4 supplies cur 
rent to the photo-tube PT, and is also connected 
to the plate circuit of the tube GT2. The con 
densers C8, Co, and C10 shown in Figure 3 are by 
pass condensers. 

It may be pointed out that the potentiometers 
P1 and P3 provide a means for sensitivity ad 
justment. 
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4. 
The counter operated by the magnet coil Kmay 

be of various types. For practical purposes I 
prefer one which causes a single large hand to 
move around a dial, and for photolithography 
(one revolution of the hand should correspond to 
about 200 impulses. A counter cf this type en 
abies the operator to watch the progress of ai). 
exposure from a distance. I provide means in 
sconnection with it for setting a predetermined ex 
posure on the dial, and for cutting of lights or 
alosing a camera, shutter automatically, I have 
used a simple ratchet wheel with a pawl actuated 
y the magnet, and a simple contact ineans; but 
iny preferred mechanism is shCyn somewhat dia 
grantinatically in Figure é. A magnet 5, which 
includes he collis, operates an escapement nech 
anisin indicated generally at . The escapeet 
wheel is connected through 8, friction clutch 3 
with a pinion which meshes with a gear wheel 
3. This gear head bears the pointer S. which 
ricves over he scale 2, only part of which is 
showia. 

2 5 

3. 

3 5 

the gear wheel meshes with the teeth of a 
gear wheel 3 which is somewhat is rger thai, O. 
A clocs. Spring is is connected at one end to the 
shaft, 3 c he gear wheel 8 and at the other 
to a fixed support 6. An armi on the shaft 
3 is arranged to actuates switch. 8. When the S. 

coiter 38 is at zero. The pointer may be reset 
for a grew exposure by means of the setting knob 
23, the 3iction clutch permitting this. The scale 
inay be calorated as desired; and the pointer is 
set at a desired exposure, and during the opera 
tion of the device moves counter-clockwise over 
the scale toward zero. Resetting the pointer 
winds the spring; and the magnet-operated es 
capement releases the spring energy at a rate de 
terrained by the iight intensity. 

A control circuit for convenient operation is 
growth in Figure 5. A four-circuit relay is en 
pkoyed, the coil 23 ci which may be connected 
the power mains indicated. In this circuit in 
series, however, I provide a normally open START 
Button and a normally closed SOP button (SO 
anarked). The switch 8 which is operated by 
3e counter mechanism is in a holding circuit 
saunting he START button. The holding cir 
cuit contacts of the relay are indicated at 2. 

50 
"...When the counter is set the switch 8 is eiosed 
as respects the holding circuit; but the holding 
circuit remains open until the relay is actuated, 
yinich is done by pressing the START button. 

55 

hereafter the holding circuit maintains the re 
a cicsed though the START button be released, 
antil the counter mechanism actuates the Switch 
33 to break the circuit. 
3alay contacts indicated at 22 (closed when 
he relay is closed) are located in the circuit, not 

sown, which is employed to operate the arc 
3. 

6 5 
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lamps or the camera shutter. Contacts 23 (open 
When the relay is closed) are located in a short 
ing circuit for the condenser C1. This circuit 
contains a high resistance Re in Figure 3, and the 
connections are indicated at al-a. When the 
condenser is shorted the impulse circuits cannot 
iunction; so that the relay acts as starting and 
stopping means for the impulse circuits. Relay 
contacts 24 (closed when the relay is closed) may 
ge located in a circuit to operate a diai light or 
'other visible signal. The switch 8, if it is a 
double throw Switch, may be made to operate an 
alarm. circuit, so marked. 

in operation, as will be clear, the pointer 
is first set at the desired exposure. When the 
exposure is to begin, the START button is pressed 

2,282,873 
and released. The relay acts to turn on the lights 
or open the camera shutter as the case may be. 
Simultaneously it breaks the circuit shorting the 
condenser C1, and starts the integrating impulse 
action. The pointer then travels toward Zero in 
accordance with the light intensity. When it 
reaches Zero the Switch breaks the holding cir 
cuit of the relay and stops activity in all circuits 
except the alarm circuit. However, if it is de 
sired to stop the action before the pointer reaches 
zero this may be done by pressing the SIOP 
button. 

it will be understood that the apparatus will 
he housed in a suitable cabinet or cabinets, and 
that the photo-tube may be made movable to 
acilitate its use. 
Modifications may be made in my invention 

without departing from the spirit of it. Hav 
ing thus described my invention, what I claim as 
new and desire C Secure by Letters Patent is: 

... in a device of the character described a 
photo-tube having a circuit, a Source of potential 
and a capacity in Said circuit, a gaseous glow dis 
charge tube of the three element type having a 
grid-to-cathode circuit, biasing means in said 
circuit whereby the striking potential of said tube 
gray be determined, Said tube also having an 
anode-to-cathode circuit containing Said ca 
pacity, said circuit forming a discharge circuit in 
which a discharge will occur when said capacity 
is charged to the striking potential of said tube, 
so that said discharges occur at intervals in 
versely proportional to the intensity of light fall 
ing upon said photo-tube, means in Said last 
mentioned circuit for biasing said capacity nearly 
to the extinction potential of Said tube So that 
the interval between setting the circuits into 
operation and the first discharge becomes more 
nearly equal to the intervals between subsequent 
discharges, and means for deriving impulses from 
said discharge circuit to actuate a counter. 

2. In a device of the character described, a 
photo-tube having a circuit, a source of potential 
and a capacity in said circuit, a gaseous glow dis 
charge tube of the three element type having & 
grid-to-cathode circuit, biasing means in said cir 
cuit whereby the striking potential of said tube 
may be determingd, Said tube also having an 
anode-to-cathode circuit containing said ca 
pacity, said circuit forming a discharge circuit if 
which a discharge will occur when said capacity 
is charged to the striking potential of said tube, 
so that said discharges occur at intervals in 
versely proportional to the intensity of light fall 
ing upon said photo-tube, means in Said last 
inentioned circuit for varying the extinction po 
tential of said discharge tube, and means for 

actuate a counter. 
3. In a device of the character described, a 
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deriving impulses from said discharge circuit to 

60 
photo-tube having a circuit, a source of poten 
tial and a capacity in said circuit, a gaseous glow 
discharge tube of the three element type hav 
ing a grid-to-cathode circuit, biasing means in 
said circuit whereby the striking potential of 
said tube may be determined, said tube having 

65 

also an anode-to-cathode circuit containing said 
capacity, said circuit forming a discharge cir 
cuit in which a discharge will occur when said 
capacity is charged to the striking potential of 
said tube, so that said discharges occur at in 
terals, inversely proportional to the intensity of 
light falling upon said photo-tube, means in 
said last mentioned circuit for varying the ex 
tinction potential of said discharge tube, said 

70 
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means comprising an inductance and a resist 
ance in series, and means for deriving impulses 
from said discharge circuit to actuate a counter. 

4. In a device of the character described, a 
photo-tube having a circuit, a source of poten 
tial and a capacity in said circuit, a gaseous 
glow discharge tube of the three element type 
having a grid-to-cathode circuit, biasing means. 
in said circuit whereby the striking potential 
of said tube may be varied, said tube also hav 
ing an anode-to-cathode circuit containing Said 
capacity, said circuit forming a discharge cir 
cuit in which a discharge will occur when said 
capacity is charged to the striking potential of 
Said tube, so that said discharges occur at in- . 
tervals inversely proportional to the intensity. 
of light falling upon said photo-tube, means in 
Said last mentioned circuit for biasing said ca 
pacity nearly to the extinction potential of said 
discharge tube so that the interval between set 
ting the circuits into operation and the first 
discharge becomes more nearly equal to the in 
tervals between Subsequent discharges, means in 
Said last mentioned circuit for varying the ex 
tinction potential of said discharge tube, said 
means comprising an inductance and resistance 
in series, and means for deriving impulses from 
Said discharge circuit to actuate a counter. 

5. In a device of the character described, a 
gaseous glow discharge tube having a discharge 
circuit, a capacity in said discharge circuit, a 
Source of potential for charging said capacity 
and a photo-tube in series therewith to render 
the rate of charge proportionate to the intensity 
of light falling upon said photo-tube, and means 
for deriving impulses from said discharge circuit 
for actuating a counter, said means comprising 
a second glow discharge tube, said tube being 
of the three element type, a grid-to-cathode cir 
cuit therefor containing means for biasing said 
tube to cut-off, a connection between said cir 
cuit and the cathode of said first mentioned tube, 
and an anode-to-cathode circuit for said second 
tube containing a source of alternating current 
and the magnetic coil of said counter. 

6. Apparatus as claimed in claim 5 including 
a capacity shunting said magnetic coil. 

7. In a device of the character described, a 
photo-tube having a circuit, a source of potential 
and a capacity in said circuit, a gaseous glow 
discharge tube of the three element type having 
a grid-to-cathode circuit, biasing means in said 
circuit whereby the striking potential of said tube 
may be varied, said tube having also an anode 

5 5 
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to-cathode circuit containing said capacity, said 
circuit forming a discharge circuit in which a 
discharge will occur when said capacity is 
charged to the striking potential of said tube, so 
that said discharges occur at intervals inversely 
proportional to the intensity of light falling upon 
Said photo-tube, means in said last mentioned 
circuit for biasing said capacity nearly to the ex 
tinction potential of said discharge tube so that 

S 
the interval between setting the circuits into op 
eration and the first discharge becomes more 
nearly equal to the intervals between subsequent 
discharges, means in said last mentioned circuit 
for varying the extinction potential of said tube 
and comprising an inductance and resistance in 
series, and means for deriving impulses from Said 
discharge circuit to actuate a counter, said last 
mentioned means comprising a Second glow dis 
charge tube, said tube being of the three element 
type, a grid-to-cathode circuit therefor contain 

0 

ing means for biasing said tube to cut-off, a con 
nection between said circuit and the cathode of 
said first mentioned discharge tube, and an 
anode-to-cathode circuit for said second dis 
charge tube containing a source of alternating 
current and the magnet coil of Said counter. 

8. Apparatus as claimed in claim 7 arranged 
for actuation from alternating current mains and 
comprising a rectifier tube, a connection across 
said mains including the heaters of the discharge 
and rectifier tubes, a connection across said mains 
including the anode and cathode of said rectifier 
tube and a plurality of potentiometers, means for 
deriving biasing potentials for said first men 
tioned discharge tubes and for said capacity from 
said potentiometers severally, and alternating 
current connections to said photo-tube and to 
the plate circuit of Said Second mentioned dis 
Charge tube. 

9. Apparatus as claimed in claim 7 arranged 
for actuation from alternating current mains and 
comprising a rectifier tube, a connection across 
said, mains including the heaters of the discharge 
and rectifier tubes, a connection across said mains 
including the anode and cathode of said rectifier 
tube and a plurality of potentiometers, means 
for deriving biasing potentials for said first men 
tioned discharge tubes and for said capacity from 
Said potentiometers severally, alternating current 
connections to said photo-tube and to the plate 
circuit of Said second mentioned discharge tube, 
and at least one filter condenser in connection 
with one of said circuits for minimizing surges. 

10. Apparatus as claimed in claim 7 arranged 
for actuation from alternating current mains and 
comprising a rectifier tube, a voltage regulator 
and a transformer having a primary, a secondary 
winding on aid transformer for supplying al 
ternating current to said photo-tube and to the 
plate circuit of the Second of said discharge tubes, 
Secondary windings for supplying alternating 
current to the heagers of the several tubes, and 
a secondary winding in the circuit of said rectifier 
tube, said circuit containing potentiometers, and 
means for deriving biasing potentials from said 
potentiometers, 

11. Apparatus as claimed in claim 7 including 
means in connection with said counter for short 
circuiting said capacity when Operation of said 
circuits is not desired. 
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