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UNITED STATES PATENT OFFICE 
2,404,131 

PHOTOELECTRICALLY CONTROLLED 
AMPLFYING CIRCUIT 

Werner A. Gieseke, Danville, Ill., assignor to Sam 
uel C. Hurley, Jr., Danville, Il. 

Application September 2, 1944, Serial No. 552,432 
(C. 250-41.5) Clain. 

This invention relates to a photoelectric ampli 
fying circuit and particularly, to an amplifying 
circuit controlled by a light sensitive device 
wherein the maximum output can be obtained, or 
in other Words, Substantially the full line voltage 
can be employed to actuate an energy transla 
tion means. 
In the ordinary amplifying circuit wherein the 

Operating Current and Voltages are used in part 
to provide a proper bias on the annplifying tube 
for rendering the tube conducting or non-con 
ducting, a portion of the power or the voltage is 
Consumed by resistors or equivalent devices for 
obtaining such bias. By the use of my device in 
an alternating current amplifying circuit, I avoid 
the use of separate sources of power for provid 
ing the proper bias on the amplifying tube and 
at the same time, I am able to obtain substan 
tially the full line voltage at the output of the 
annplifying tube. This has particular advantages 
where higher voltages at the source of alternating 
current are not obtainable and where heavy duty 
is required by the energy translation means or 
where the amplifier may control a motor or other 
heavy duty machine. My device also has the ad 
Vantage of simplicity since it is not necessary to use 
a separate Source of power such as a separate 
direct current source of power to supply the op 
erating voltages for the amplifying tube. 

In general, my invention comprises a source of 
alternating current with an amplifying tube and 
an energy translation means, Such as a relay coil, 
connected in series across the source of the al 
ternating current and connected in parallel with 
a light sensitive device such as a phototube con- 3 
nected in Series With a resistor wherein the anode 
of the phototube is connected to the control elec 
trode of the amplifying tube and to the resistor. 
In addition, a condenser is also connected between 
One side of the alternating current and the anode 
of the phototube as Well as to the control elec 
trode. By this arrangement, when the phototube 
is in shadow, the control electrode is at Zero po 
tential and the cathode of the amplifying tube 
is also at Zero potential and the amplifier con 
ducts a current. But when the phototube is in 
light, current will flow across the phototube when 
it receives a pulse from the alternating current 
and the condenser Will be charged such that the 
end of the Condenser connected to the control 
electrode discharges a negative potential and the 
condenser must be adapted and arranged to hold 
that charge for at least one-half a cycle of the 
alternating current which means with a 60 cycle 
per second of alternating current, the condenser 
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must hold the charge for 1/120 of the second in 
order to accomplish the objects of the invention 
which is to prevent the amplifying circuit from 
conducting when the phototube is in light. By 
the use of this device it is apparent that no loss 
in voltage occurs through any dividing resistor for 
obtaining the bias on the aimplifying tube in order 
to render it conducting. Although it is not nec 
essary, it is desirable to connect between the cath 
ode side of the phototube and one side of the al 
ternating current a rectifier which actuates as 
a check valve and prevents any current from flow 
ing through the phototube during that half of 
the cycle of the alternating current when the 
anode of the phototube is subjected to the nega 
tive half of the cycle. This is an additional pro 
vision because some phototubes will conduct a 
very Small amount of current from the anode to 
the cathode when the anode is subjected to the 
negative half of the cycle. 

It is also within the scope of my invention to 
provide additional light sensitive circuits using 
additional light, sensitive devices to control the 
electronic circuit which actuates the energy trans 
lation means and involving one or more amplify 
ing tubes. In One modification, a second control 
electrode is provided in the amplifying tube con 
trolled by a circuit identical with that described 
above or the control electrode may be controlled 
by a separate light Sensitive circuit used for mak 
ing another photoelectric inspection. 

It is also within the scope of my invention to 
employ a second light sensitive circuit in con 
bination. With the circuit above described wherein 
the phototube of the first circuit is used to indi 
cate when the article undergoing inspection is 
in the testing Zone, the second light sensitive cir 
cuit used for actually making the photoelectric 
inspection. 
In another embodiment of my invention, I may 

employ tWo or more amplifying tubes connected 
in series to the energy translation means and the 
control electrode of one of the amplifying tubes 
having its bias rendered negative When the photo 
tube is conducting and the other control elec 
trode in one of the other amplifying tubes con 
trolled by an inspection light sensitive circuit for 
making the photoelectric inspection. 
Other advantages, uses and objects of my in 

tion will become apparent by referring to the 
drawing wherein 
Figue 1 represents one of the more simple di 

agains of my circuit, illustrating how the max 
imum output from the amplifier can be obtained. 

Figure 2 illustrates two such devices as shown 
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in Figure 1 for independently and simultaneously 
controlling two electrodes in one amplifying 
tube. 

Figure 3 illustrates diagrammatically, One ap 
plication of the device shown in Figure 2. 

Figure 4 illustrates the control of one electrode 
in an amplifying tube by the device shown in 
Figure 1 and the control of another electrode of 
the amplifying tube by a separate light sensitive 
circuit which may be used for the photoelectric 
inspection. 

Figure 5 illustrates another modification in 
volving the use of two amplifying tubes wherein 
the controlled electrode of one of the amplifying 
tubes is controlled by a circuit similar to that 
shown in Figure 1 and the control electrode in 
another amplifying tube controlled by the in 
Spection light Sensitive circuit. 

Referring to Figure 1, indicates a source of 
alternating current having a primary coil 2 and 
a secondary coil 3. Connected in series across 
the source of alternating current is rectifier 4, a 
light sensitive device such as a phototube 5 and 
a resistor 6, wherein the rectifier and the photo 
tube are connected such that the anode of the 
rectifier is connected to the cathode of the photo 
tube and the anode of the phototube is connected 
to resistor S. An energy translation means, such 
as relay coil 7 is connected in series with an am 
plifying tube 8 which may be a thermionic tube 
of either the vacuum type or the gas-filled arc 
discharge type. The amplifying tube is ar 
ranged so that its anode and cathode are re 
versed to the phototube in respect to their coin 
nections across the source of alternating current. 
A condenser 9 is connected to the side of the 
alternating current to which the resistor 6 is also 
directly connected at point 9 between the con 
trol electrode and the anode 2 of the photo 
tube 5. The operation of this device is as follows: 
When phototube 5 is in shadow, the control 

electrode f f is at the same potential as the cath 
ode of tube 8 and the amplifying tube 8 conducts 
a current which actuates the energy translation 
means T. When the phototube 5 is in light, cur 
rent will flow across the phototube during each 
pulsation of the alternating current at the point 
f3 which charges the condenser 9 and maintains 
a negative charge at point O which drives the 
bias of the control grid in a negative direction 
and prevents the power tube 8 from conducting. 
The power tube will remain non-conducting as 
long as the phototube 5 receives light provided 
that the condenser 9 receives a sufficient negative 
charge to maintain the bias negative on the con 
trol grid for sufficient time to at least equal 
one-half of the cycle of the alternating current; 
otherwise, the bias Will not remain negative even 
though the phototube 5 remained in light and the 
device would not function. It is apparent, there 
fore, that to enable the device to work, the 
charge On the condenser must be such as to main 
tain the negative bias on the control throughout 
the time the phototube 5 is in light. 

It is also apparent by the use of my device, the 
condenser 9 can also function as a timer by pro 
Viding and arranging the condenser 9 such that 
the negative charge will be maintained for 
longer time than one-half of a cycle of the alter 
nating current which will prevent tube 8 from 
conducting for a given length of time depending 
on the amount of charge, even though photo 
tube 5 should again be placed in shadow. Thus, 
While it is necessary to have a charge on the con 
denser equal to at least A20 of a second for a 60 
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cycle per second alternating current depending 
upon the operation desired, any additional charge 
on the condenser maintains the power tube 8 
non-conducting even after the phototube 5 is 
again placed in shadow. 
The energy translation means 1, while it can 

be a relay coil 7 as shown, can also take any suit 
able form or it can be a motor or indicator or 
else the relay coil can actuate an independent 
circuit for actuating an indicator means or a 
Solenoid valve for accepting and rejecting an ar 
ticle Or for actuating any type of Selection circuit. 

In order to make the drawing easier to fol 
low, comparable parts which appear in the dif 
ferent figures are numbered the same. 

Referring to Figure 2, the control grid of 
the power tube 8 is controlled in the identical 
manner as described in Figure 1. In addition, a 
similar circuit in which I mark the comparable 
parts as shown in Figure 1 with prime numbers 
is used to control a second control electrode '. 
The second circuit is provided with rectifier 4, 
phototube 5', resistor 6' and condenser 9' and 
the bias on the control electrode is controlled 
in the exact way that the bias on the control elec 
trode if is controlled and functions in exactly 
the same manner. In this case, if either of the 
phototubes 5 or 5’ are in light, the power tube 8 
Will not conduct. However, if both of the photo 
tubes 5 or 5 are in shadow, the power tube 8 
Will conduct and the energy translation means 7 
Will be actuated. 
This modification of my device is particularly 

applicable in checking articles for either a mini 
Inum size or a maximum size although it has 
many other uses. Referring to Figure 3, in 
checking the article f4 with the phototubes 5 and 
5, the article meets the required specifications if 
it places both phototubes 5 and 5’ in shadow. In 
this case, referring to Figure 2, both electrodes f 
and have their bias such that the power tube 
8 Will conduct and the energy translation means 
actuated. 
Referring to Figure 4, the control f of the 

power tube 8 is controlled in the same manner as 
the control electrode in Figure 1. Figure 4 
differs from Figure 2 in that the control electrode 

is controlled by a separate inspection light 
Sensitive circuit involving a photoelectric bridge 
and provided with phototubes 5 and 6. In this 
Setup, wherein the phototube 5 may be used to 
condition the power tube for the photoelectric 
inspection when the article undergoing the in 
Spection places the phototube 5 in shadow, the 
phototubes 5 and 6 can be used to determine 
the photoelectric inspection and through bridge 
circuit, control the electrode '. 

Similarly, in Figure 5, the electrode ff in the 
power tube 8 is controlled in the same manner as 
control electrode of Figure 1. In addition, 
this circuit provides a second power tube 7 con 
nected in series with power tube 8 and the relay 
coil is not actuated unless both of the power 
tubes 8 and are conducting. 
This circuit has applications similar to that 

described in Figure 4 wherein the control grid 
8 of tube is controlled by the inspection light 

Sensitive circuit 2 containing the phototube 9 
and the resistor 25) connected across a source of 
D. C. potential. 
The above various modifications of my inven 

tion are not to be considered equivalent nor are 
they to be considered as limiting my invention 
Which is only limited by the following claim. 

I claim as my invention: 
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In an alternating current photoelectric ampli 
fier, a source of alternating current; a power tube 
containing a control electrode and an energy 
translation means connected in Series acroSS Said 
Source of alternating current; a rectifier, a light 
sensitive device and a resistor connected in series 
across said Source and parallel to said power tube 
circuit; said light sensitive device having its 
anode connected to said control grid and its cath 
Ode to said rectifier; a condenser connected to 
said control grid and to one side of Said alternat 
ing current to which the resistor is also connect 
ed; said condenser connected in parallel with said 
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resistor; said energy translation means responsive 
to the flow of current through the power tube 
when the light sensitive device is in shadow and 
means for substantially preventing the flow of 
current through the power tube for a definite 
period. Of time When the light Sensitive device is 
in light including charging the condenser with 
Sufficient negative charge when current flows 
through the light sensitive device when in light 
to maintain the bias on the power tube negative 
for time equal to at least one-half of the cycle 
for the alternating current. 

WERNER. A. GIESEKE, 


