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My invention relates to amplifiers and partic 
ularly to amplifiers adapted for use with light 
Sensitive cells or the like. 
One of the objects of my invention is to pro 

vide an improved amplifier which may be oper 
ated by unrectified alternating current. . 
A further object of my invention is to pro 

vide an improved direct-coupled amplifier. 
A further object of my invention is to pro 

vide an improved amplifier for use in connection 
with light-sensitive devices or the like. 
A still further object of my invention is to provide an improved amplifier for 'operating a di 

rect-current relay. t 
is In one embodiment of my invention, I utilize 

a plurality of electric discharge devices, such as 
vacuum tubes, so connected to a source of al 
ternating current that one of said devices oper 
ates on one half cycle and alternate succeeding 

20 half cycles, while another of said devices oper 
ates on the intervening half cycles to the oppo 
site polarity. The input circuit of the second 
of said devices is supplied with amplified ener 
gy from the output circuit of the first device by 
means of a condenser and resistance in said out put circuit, this condenser being charged dur 
ing the first one half cycle of operation, and re 
maining charged a certain amount during the 
second half cycle. 

30 In another embodiment of my invention, I op 
erate a direct current relay by means of an elec 
tric discharge device connected to an alternat 
ing current source. In a circuit of this type the 
usual mode of operation is to provide a grid bias 

5 voltage of such magnitude that the plate cur 
rent is practically zero. This is done because a 
relay operates most efficiently when there is no 
direct current flowing through it except during 
the period when it is actuated. On the other 

9 hand, the tube operates most efficiently (i. e., 
produces the greatest change in plate current 
with a certain signal on the grid) when its grid 
bias is such that the plate current has a fairly 
large direct current component, because with 

45 such a bias the tube has greater mutual con 
ductance than with a bias which reduces the 
plate current to Zero. Therefore, I adjust the 
electric discharge device for most efficient oper 
ation and provide a rectifier circuit for balanc 

O ing out the direct current component of the plate 
current which, otherwise, would flow through 
the relay. 
Other objects, features and advantages of my 

invention will appear from the following de 

scription taken in connection with the accom 
panying drawings, in which 

Fig. 1 is a circuit diagram of one embodiment 
of my invention, Figs. 2, 3 and 4 are circuit diagrams of other 
embodiments of my invention, Fig. 5 is a circuit diagram of an embodiment 
of my invention adapted to operate a direct cur 
rent relay, ( . 

Figs. 6 and 7 are curves which are referred to 
in explaining the operation of the circuit shown 
in Fig. 5, and Fig. 8 shows a modification of the form of my 
invention shown in Fig. 5. Referring to the embodiment of my invention 
shown in Fig. 1, the amplifier comprises an elec 
tric discharge device such as a three-electrode 
vacuum tube having a cathode 3, a control grid 
5 and an anode 7. Suitable voltages for the Op 
eration of the tube are supplied from a voltage 
divider resistor 9 which is connected across any 
suitable source of alternating current, such 
as an ordinary 60 cycle supply. 
The cathode 3 is connected to the voltage di 

vider 9 near one end through a variable tap 3, 
while the anode 7 is connected to the voltage 
divider at the other end through a resistor 5 
and a variable tap 7, whereby substantially the 
entire voltage of the source is applied across 
the electrodes 3 and T. A condenser 9 is con 
nected across the plate resistor 5 for storing 

be explained hereinafter. 
The input circuit of the discharge device 

includes a light sensitive device such as a pho 
toelectric cell 2 having a cathode 23 and an 
anode 25, the cathode 23 being connected to the 
control electrode 5 and the anode 25 being con 
nected to a point on the voltage divider 9. The. 
control grid 5 is connected to one end of the 
voltage divider 9 through a grid leak resistor 27 
whereby the end section 29 of the voltage divider 
maintains the control electrode at a Suitable neg 
ative potential during the half cycle of operation 
that the anode 7 is positive. 
When the phase of the voltage from the source 
is such as to make the right-hand end of 

the voltage divider 9 positive, a positive voltage 
is applied to the anode of the discharge de 
vice , a negative biasing voltage is applied to 
the control electrode 5, and, at the same time, a 
positive voltage is applied to the anode 25 of the 
photoelectric cell 2 f. Under these conditions, 
if light strikes the photoelectric cell 21, current 
will flow through it which is proportional to the 
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intensity of the light and there will be a corre 
sponding voltage drop across the grid leak re 
sistor 27. The potential drop is Such as to make 
the cathode of the discharge device more nega 
tive than normal with respect to its grid which 
is the equivalent of applying a more positive po 
tential to the said grid, proportional to the light 
intensity. Accordingly, since the anode i is at 
a positive potential, there will be a flow of plate 
current having a value proportional to the light 
intensity. This flow - of plate current will charge 
up the condenser 9 by an amount, depending 
upon the value of the plate current, the right 
hand terminal of the condenser 9 acquiring a 
positive polarity. During the next half of the 
cycle, the voltage across the condenser 9 is uti 
lized to control a second electric discharge de 
Vice indicated at 3. The resistance shunt 
ing condenser is is large enough so that he con 
denser will not be completely discharged luring 
this one half cycle. 
The device S may be a vacuum tice. Similar 

to the first device and, as illustrated, includes a 
cathode 33, an anode 35 and a control electrode 
3. The cathode 33 is connected through a Vari 
able tap 39 to the same end of the voltage di 
vider 9 that the anode 7 of the electric discharge 
device is connected to. The anode 35 is con 
nected through the load 4 to the opposite end 
of the voltage divider 9. Thus it will be seen 
that when the phase of the voltage from the 
source it is such as to make the first tube 
operative, the second tube 3 is inoperative since 
its anode 35 is at a negative potential. Like 
wise, when the phase of the Voltage is such that 
the first tube is inoperative, the second tube 3 is operative. 
The control grid 37 of the tube 3 is connected 

to the plate end of the resistor 5 so that the 
output of the tube 3 is controlled by the volt 
age drop across the resistor f 5. By connecting 
the cathode 33 to the voltage divider 9 at a point 
on one side of the variable tap 7, a Suitable 
biasing voltage may be applied to the control 
grid 37. In the diagram, the relation of the vari 
able taps 7 and 39 is such that when the second 
tube 3 is operative, a slight negative bias is ap 
plied to its control grid 37 by a section 43 of 
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the voltage divider 9. 
Referring now to the operation of the circuit 

for the second half of the cycle, it will be ap 
parent that during this half cycle the anode 35 
of tube 3 is positive whereby a current may flow 
through the load 41, the value of the current 
depending upon the voltage applied to the con 
trol electrode 37. We have seen that during the 
first half of the cycle the condenser 9 was 
charged to some value depending upon the in 
tensity of the light striking the photoelectric cell 
2. The charge on the condenser 9, shunted 
by the resistor 5, is such that, during the second 
half cycle, a negative potential is impressed upon 
the control electrode 3. Therefore, if the light 
striking the photoelectric cell 2 increases in in 
tensity, the value of Current through the load 
4 decreases. 
When light striking the photoelectric cell 2 

decreases, the charge on condenser 9 leaks off 
through the resistor 5 until equilibrium is 
reached at a new level. The plate current of 
tube 3 ? also readjusts itself to a higher value. 
Thus the output of tube 3 may be either in 
creased or decreased by varying the intensity of 
the light striking the photoelectric cell. 
... In Fig. 2, the circuit of Fig, is shown modi 

..'s 
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fied to permit the amplification of signals, par 
ticularly those having an audio frequency. In 
the two figures, like parts are indicated by the 
Same reference numerals. In this circuit, the 
electric discharge devices and are preferably 
vacuum tubes of the screen grid type in order 
that efficient amplification of a comparatively 
high frequency alternating current may be ob 
tained. Instead of a 60 cycle supply, Such as 
would be used ordinarily in the circuit shown in 
Fig. 1, an alternating current source 45 prefer 
ably Supplies current having a frequency which 
is above audibility, such as a frequency of 25,000 cycles, 
The output circuit of the discharge device 3 

includes a low-pass filter 47 which has a cut 
off frequency above the signal frequencies and 
below the frequency of the alternating current 
supplied by the source 45. Thus, the signals will 
appear in the output, while the high frequency 
current supplied from source 45 will be filtered out. 
While a photoelectric cell has been illustrated 

in the input circuit of the amplifier, it should 
be understood that a signal voltage may be in 
pressed upon the amplifier input circuit in any 
Well known manner. . 
Referring to Fig. 3, the circuit of Fig. 1 is 

shown modified by the addition of two more elec 
tric discharge devices 49 and 5. While only two 
additional discharge devices have been illus 
trated, it will be understood from the following 
description that any desired number may be 
added. In the two figures, like parts are indi 
cated by the same reference numerals. 

It will be seen that the circuit for the first 
discharge device f is the same as shown in Fig. 1. 
The circuit for the second discharge device 3 
is also substantially the same as in Fig. 1, the 
only difference in the input circuit of said device 
being that the cathode 33 is connected through 
the variable tap 39 to an additional voltage di 
vider section 53 for applying a positive bias to 
the control grid 37 durin Cy the half cycle the sec 
ond device is in operation. This distinction, how 
ever, is not of any great importance as the charac 
ter of the bias which is applied to the Control 
grid 37 depends upon the particular type of tube 
used. The other distinguishing feature is that 
the output circuit of the tube 3 includes a 
resistor 55 shunted by a condenser 57 which will 
charge up during the half cycle the tube 3 is 
operating whereby the third electric discharge 
device 49 may be controlled by the voltage across 
the resistor 55 produced by the charged con denser 57. 
The third electric discharge device 49, as illus 

trated, is a vacuum tube having a cathode 59, a 
control grid 6 and an anode 63. The cathode 
59 is connected through a variable tap 85 to an 
additional voltage divider section 67 provided for 
biasing purposes. The anode is connected to the 
opposite end of the voltage divider 9 through a 
resistor 69 which is shunted by a condenser T. 
The control grid 6 of the tube. 49 is connected 
to the plate end of the resistor 55 whereby the 
condenser 57, if charged by tube 3, will apply 
a negative potential to the control grid. 
The fourth electric discharge device 5, as 

illustrated, is a vacuum tube having a cathode 73, 
an anode 75 and a control grid 77. The cathode 
73 is connected through a variable tap 79 to a 
point near the same end of the voltage divider 9 
to which the plate 63 of the preceding tube is 
connected. The anode 75 is connected through 
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a load 8 to the opposite end of the voltage 
divider 9. The control grid T7 is connected to 
the plate end of the resistor 69 whereby its poten 
tial may be controlled by the voltage to which 

5 the condenser it has been charged. It may be 
noted that the position of the variable tap. 79 
connecting the cathode 73 to the voltage divider, 
9 is such that a negative bias is applied to the 
control electrode 77 instead of a positive bias as 

to in the case of the other tubes. The reason for 
this is that, in the particular circuit illustrated, 
the tube 5 is a power tube which requires a 
high negative bias, 
In each plate circuit, the resistor'which shunts 

15 the condenser has a value such that the charge 
on the condenser will decrease rather rapidly 
but not so rapidly as to completely discharge the 
condenser in one half cycle. It will be apparent 
that the use of the resistors causes the circuit 

20 to operate in response to either an increase or a 
decrease in the amount of light on the photo 
electric cell. The operation of the circuit shown in Fig. 3 
will be understood from the foregoing description 

25 given in connection with Fig. 1. It may be 
noted, however, that the signal is delayed a cer 
tain amount in passing through the amplifier, 
the amount of the delay depending upon the 
number of tubes and the frequency of the alter 

30 nating current supply. That such a delay exists 
will be made apparent by considering the fact 
that a change in the clarge on the first condenser 
can have no effect upon the charge of the second 
condenser until the second half cycle, and that 

35 the change in the charge of the second condenser 
in turn can have no effect upon the charge of 

, the third condenser until the third half cycle. 
Referring to the embodiment of my invention 

illustrated in Fig. 4, it comprises two electric dis 
charge devices 83 and 85 connected in cascade for operating on one-half cycle of an alternating 
surrent and two other electric discharge devices 
87 and 69 connected in cascade for operating on 

40 

the succeeding half cycle of the alternating cur 
rent. In the circuit illustrated, these devices are 
three-element vacuum tubes. They are provided 
with suitable operating voltages by means of a 
voltage divider 9f which is connected acrossan 
alternating current. Source 93. - 
The first discharge device 83 includes a cathode 

95, a control grid 9 and an anode 99, the cathode 50 

95 being connected through a variable tap Of to 
the voltage divider 9 near the left-hand end and 
the anode 99 being connected through a coupling 
resistor 03 to the voltage divider 9 at a point 
near the middle. , A signal or control potential may be applied 
to the input circuit of the first tube 83 in any 
suitable manner, as by means of a light sensitive 

60 device 05 which may be a photoelectric cell hav 
ing a cathode 07 and an anode 99. The anode 
109 is connected to a point on the voltage divider 
9 while the cathode 07 is connected directly to 
the control electrode 97 and to the left-hand end 
of the voltage divider 9 through a grid leak 
resistor f. 
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The second tube 85 includes a cathode 13, a 
control grid, 15. and an anode T, the cathode 

3 being connected to the lower end of the cou 
pling resistor 03, and the control electrode 5 
being connected to its upper end. The anode if T 
is connected to the right-hand end of the voltage 
divider 9 through a resistor 9 and a variable 

75 tap 2, the resistor 9 being shunted by a con 

70 
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vider, 

3 
denser 23 provided for the purpose described in 
connection with the preceding figures. 

It will be apparent that during the half cycle 
the anodes 99 and fit are positive the two dis charge devices will operate in cascade to charge 
up the condenser 23 in accordance with the 
intensity of the light striking the photoelectric 
cell OS. During the succeeding half cycle, the 
charge on the condenser 23 will bias the grid 
of the tube 89 negatively and control the Output 
of tube 87. The vacuum tube 89 includes a cathode 25, a 
control grid 27 and an anode 29, the cathode 
25 being connected to the same end of the volt 
age divider 9 as that to which the anode if 
of the second discharge device 85 is connected. 
The anode 29 is connected through a coul 
pling resistor f to the voltage divider at a 
point near the middle. The control electrode 
27 is connected to the plate end of the resistor 
9, whereby its potential is controlled in ac 

cordance with the discharge of the condenser 
23. The vacuum tube 87 includes a cathode 33, a 
control grid 35 and an anode 37, the cathode 
(33 being connected to that end of the coupling 
resistor 3 which is connected to the voltage di 

and the anode - 37 being connected 
through a load 39 to the left-hand end of the 
voltage divider 9 f. The control electrode 35 
is connected to the plate end of the coupling 
resistor 3 whereby the vacuum tube 87 is con 
nected in cascade with the preceding tube 89. 

It will be noted that the circuit shown in Fig. 4 
differs from that shown in Fig. 1 in that only 
about half the voltage from the alternating 
current source 93 is impressed across the cathode 
and anode of each discharge device and in that 
a plurality of discharge devices operate as a 
cascade amplifier during each half cycle. 

Referring to Figure 5, there is shown the cir 
cuit diagram of a photoelectric cell amplifier 
designed for operating a direct current relay. 
This circuit is designed to overcome two ap 
parently conflicting requirements for efficient 
operation of the amplifier, one requirement being 
that the amplifier, tube be so biased that it has 
high mutual conductance and the other re 
quirement being that there shall be no flow of 
direct current through the relay until the re 
lay is to operate. These requirements are con 
flicting because a bias which will give the ampli 
fler tube a high mutual conductance will cause 
a flow of direct current in-its plate circuit. I 
have found that by employing a condenser and 
rectifier combination it is possible to prevent a 
flow of direct current through the relay, ex 
cepting during the period it is to operate, and at 
the same time to bias the amplifier tube for 
high mutual conductance. Referring to the circuit diagram, the appara 
tus comprises an amplifier tube 5f which may 
be any suitable form of electric discharge de 
vice, such as either a three element or a screen 
grid vacuum tube having a photoelectric cell 
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53 connected to its input circuit. In the draw. 
ings, there is illustrated a three element vacuum 
tube having a cathode 55, a control electrode 
f57 and a plate electrode 59. An alternating 
current operating potential is supplied to the 70 
vacuum tube 5 from any suitable source G 
which preferably has a voltage divider 63 con 
nected thereacross. The voltage divider may be 
either a tapped inductance coil or a tapped re 
sistOr, as illustrated. 

75 



5 

0. 

5 

2 5 

30 

5 

4. 

The cathode 55 of the amplifier tube is con 
nected to a point on the voltage divider 63 in 
termediate its ends, while the control electrode 
57 is connected through a resistor 65, to a 

point near One end of the voltage divider. 
The photoelectric cell 53 has a cathode 6 

which is connected to the upper end of the re 
sistor 65 and an anode 69 which is connected 
through a variable tap 7 to a point on the 
voltage divider 83. 
The direct current relay 3, which is to be 

Operated in response to a change in light of the 
photoelectric cell 53, consists of a relay winding 
T5 and an armature . . . The winding 75 is 

connected in the plate circuit of the amplifier 
tube 5, one end of the winding being connected 
to the plate electrode 59 and the other end of 
the winding being connected to one end of the 
voltage divider 63. 

it will be apparent that, with the circuit as 
described above, there would be a flow of pulsat 
ing current through the relay winding 75. As 
is Weil kaowa, such a current has a direct cur. rent component. 

prevent such a direct current, component 
from appealing in the relay winding 75 by 
Raeans of a condenser 29 and a rectifier 633. 
The condenser 3 is connected across the re 
ay Winding 5 whereby it will become 3arged 
duiring the khali cycle that, piate current flows 
i2 the apifer the 85. 
One terrainai of $3ra Recifier f3 is connected 

through a variable tep 383 to the voltage divider 
863 while the other terraniai of the rectifier 
88 is connected to the aper termina of the 

Collideraser 63 thio.gia 2, 733iable resistor 33. 
The rectifier 88 is connected in such a direc 
tics that, the currex: âgys through it, in ae 
direction indicated 337 te gyrovy. 

Wiith given values of indicatchce and resistance 
for the relay coià 23, the condenser 9 is n&ge 
large enough to 2...haints: E, fairly high value of 
Current flow through tae wisading during the 
half c37cle theš, tie plate alectrode 59 is nega. 
tive &nd the CO22&iease is discinarging. In other 
Words, the ti:A2 cg3Asia, at of the circuit compris. 
ing tile condense aid the relay coil 5 is 
greate that A20th of a second in the case yiere 
the aise:"Iati; Ag c.33'reat Supply has a frequency 
of 60 cycles per Second. E. aay be noted that, 
at the frequency of the supply source employed, 
the inductive reactance of the coil f, 5 is snail 
CO pared With its resistance. 
Under the above described conditions, if the 

rectifier 8 were removed from the circuit, the 
current flow through the relay winding 75 
would be as indicated by the curve in Figure 6. 
An inspection of this curve shows that during 
the half cycle that the plate electrode is posi 
tive the condenser 79 is given a certain charge, 
plate current at the saine time flowing through 
the relay winding 5. During the next half 
cycle the condenser 79 discharges a certain 
amount through the relay coil 75 but it does 
not have time to discharge completely before the 
next positive half cycle appears. Thus the 
charge on the condenser 79 gradually increases 
and the current flowing through the relay coil 
75 has a rather large direct current component, 

as indicated by the curve. 
By adding the rectifier to the circuit, as pre 

viously described, the curve of the current flow 
through the relay winding 5 is changed to have 
the characteristic shown in Figure 7. With the 
rectifier in the circuit, the condenser 79 charges 
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up during the positive half cycle, as described 
above, and discharges through the relay wind 
ing 5 and the rectifier 8 during the nega 
tive half cycle. The difference in the circuit 
operation is that now, during the negative half 
cycle, the voltage drop across the voltage divider 
portion 8 causes a flow of current through the 
rectifier 8 in such a direction as to aid the 
discharging of the condenser 79 and to charge 
it a certain amount in the opposite direction, 
this charge being indicated by that portion of 
the curve appearing below the horizontal line. 
Thus, the circuit, may be so adjusted that for a 
given light intensity on the photoelectric cell 53, 
the condenser 9 will be discharged a sufficient 
annount to prevent it from acquiring a greater 
charge With each succeeding cycle. It will be 
appare, from the curve of Fig. that the cur 
eit nov? OWing through the relay winding con 

tains sistantially no direct current component. 
The 8ters ating current represented by the 

curve in Fig. either is maintained at a low 
value copsies with the direct current, which is 
to operate the relay, or it is filtered out entirely 
by nea, as of a Siter connected as shown in figure 
3. S.2332, 3, Stei is provided, it is preferably 
of the Q7-3.SS type comprising a series coil 183 
and salin, cogndensers 9 and having a cut-off 
frequie. Cy below the frequency of the Supply cur 
Text. i. 

the airier Rinay be adjusted for the above 
sites:"i34 (OA. iion of no direct crient corapo 
3aei, 2, 3a e rely 75 dig inder the coinciitic: of 
23g of given intensity striking the pnoto 
e3(Ric g: is a practice, the S13, adjustinent 
i:3 to so 323s, he circuit that with no light 

accelectric cell 3 the direct, cut 
3X2t tRarough the relay winding 35 
With this adjust 3:22it, he instant 

. 3.Alag 
33, as 

3.32.82 3 
20:23:') electro 
Recogni:3S de G5 is made less legative, 3rd 

SS acquires a greater charge than 

cirrera, component £3333rs in the relay 
2g 3 to garate the reliay. 

3, 7:3, a ge:Stocd that if the circuit is a 
SSacagli Si 2, c03adition of a give jigit intensity 
Cia is 30 delectric cai SS3, the relay 2ray be 
Operated by either a decrease or an increase in 
the Bigiai, intersity. By utilizing a polarized re 
Bay, it inay be made to operate in one direction 
when the sight intensity increases and in the op 
posite direction when the light intensity de 
eases, 

Warious other modifications may be made in 
ny invention without departing from the Spirit 
and scope thereof and I desire, therefore, that 
only sucia limitations shall be placed thereon as 
are necessitated by the prior art and set forth in 
the appeated claims. 

I claim as any invention: 
1. In combination, a plurality of electric dis 

charge devices, each of said devices having an 
input circuit and an output circuit, a source of 
power for supplying alternating current thereto, 
means for so connecting said devices to Said 
source that one of said devices is operative on 
only one half cycle of said current while another 
of said devices is operative on only the succeed 
ing half cycle, a condenser in the output circuit 
of said one device, and a resistor connected across 
said condenser, the input circuit of said other 
device being connected across at least a portion 
of said resistor. 
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2. In combination, a plurality of electric dis 

charge devices, a source of power for supplying 
alternating current thereto, means for so con 
necting said devices to said source that one of 
said devices is operative on only one half cycle 
of Said current while another of said devices is 
operative on only the succeeding half cycle, 

5 

20 

means for storing at least a portion of the out 
put energy of said first device during said one 
half cycle, and means for controlling said second 
device in accordance with said stored energy dur 
ing said succeeding half cycle. 

3. In combination, a plurality of electric dis 
charge devices, each of said devices having a 
Cathode, an anode, and a control electrode, a 
Source of alternating current, the cathode and 
anode of one of said devices being connected . 
across said source, the cathode and anode of an 
other of said devices being oppositely connected 
across said source whereby said two devices are 
operative Only on alternate half cycles of said 
current, means connected between the anode of 
said one. device and said source for storing elec 
trical energy during one half cycle of said cur 
rent, and means for controlling the potential of 
the control electrode of said other device during 
the succeeding half cycle in accordance with said 
stored energy. 

4. In combination, a voltage divider, a plu 
rality of electric discharge devices, each of said 
devices having a cathode, an anode, and a con 
trol electrode, the cathode of one of said de 
vices being connected to one end of said voltage 

S 
divider, the anode of said one device being con 
nected to the other end of said voltage divider, 
the cathode of another of said devices being Con 
nected to said other end of said voltage divider 
and its anode being connected to said one end of 
said voltage divider whereby said two devices are 
rendered operative on opposite half cycles, a con 
denser connected in the anode circuit of Said first 
device, and means for controlling the potential of 
the control electrode of said second device in 
accordance with the charge on said condenser. 

5. In combination, a plurality of electric dis 
charge devices, means for connecting said devices 
to a power source of alternating potential, means 
for rendering one of said devices Operative dur 
ing one half-cycle and means in circuit with 
each of said devices for controlling the operation 
of another of Said devices during a subsequent 
half-cycle in accordance with the operation of 
the first mentioned device during the first half 
cycle, 
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6. Apparatus according to claim 5 character- . . 
ized in that a photo-electric cell is included in 
the input circuit of said one device. 

7. An amplifier according to claim 2 charac 
terized in that said alternating current has a fre 
quency which is high compared with the fre 
quency of the signal to be amplified and further 
characterized in that means is provided for fil 
tering out said alternating current from the am 
plifier output. 
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