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" My invention relates to amplifiers and partic-

ularly to smplifiers adapted for use with ight- -

sensitive cells or the like. .

One of the objects of my {nvention is to pro-
5 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-
fo vide an improved amplifier for use in connection
0 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. ‘ :

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 oné half cycle and -alternate succeeding
50 haif 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. :

a0 . 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
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vent is practically zero. This is done because &
relay operates most efficiently when there is no
direct current flowing through it except during
the period when it is actuated. On the other
40 hand, the tube operates most efficiently. . €.
_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 suech a bias the tube has greater mutual con-
ductance than with a
plate current to Zero. Therefore, I adjust the
electric discharge device for most efficient oper-
ation and provide & rectifier circuit for balanc-
ing out the direct current component of the plate
current which, otherwise, would flow through
the relay. B ’
Other objects, features and advantages of my
53 invention will appear from the following de-

voltage of such magnitude that the plate cur--

bias which reduces the

seription taken in connection with the accom-
panying drawings, in which :

Fig. 1 is a circuit diagram of one embodiment
of my invention, o

Figs. 2, 8 and 4 are circuit diagrams of other -5
embodiments of my invention,

Fig. 5 is a circuit diagram of an embodiment
of my invention adapted to operate a direct cur-
rent relay, oo :

Figs. 6 and 7 are curves ‘which are referred to ig
in .expleining the operation of the circuit shown
in Fig. 5, and ’

Fig. 8 shows & modification of the form of my
invention shown in Fig. 5.
- Referring to the embodiment of my invention 15
shown in Fig. 1, the amplifier comprises an elec-
tric discharge device { such as & three-electrode
vacuum tube having a cathode 3, & control grid
§ and an anode 1. Suitable voltages for the op-
eration of the tube | are supplied from & voltage .
divider resistor 9 which is connected across any 20
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 i3,
while the anode 1 is connected to the voltage

[\
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‘divider at the other end through & resistor 15

and a variable tap 17, whereby substantially the
entire voltage of the source {1 is applied across
the electrodes 8 and 1. A condenser {9 is con-
nected across the plate resistor i5 for storing

[ 2
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_energy -during one-half cycle of operation, as will

be expiained hereinafter. .

The input circuit of the discharge device 1
includes & light sensitive device such as a pho- 5
toelectric cell 2{ having & -cathode 23 and an
anode 25, the cathode 23 being connected to the
control electrode § and the anode 25 being con-
nected to a point-on the voltage divider 9. The.
control grid b is connected to one end of the
voltage divider 9 through a grid leak resistor 21
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 T is positive. .

When the phase of the voltage from the source
{1 is such as to make the right-hand end of
the voltage divider 8 positive, & positive voltage
is applied to the anode T of the discharge de-
vice I, a negative biasing voltage is applied to
the control electrode §, and, at the same time, & -
positive voltage is applied to the anode 25 of the
photoelectric cell 21. -Under these conditions,
if light strikes the photoelectric cell 24, current:
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will fiow through it which is proportional to the g5
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intensity of the light and there will be 4 corre-
sponding voltage drop’ across the grid leak re-
sistor 21. 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 2 more positive po-
tential to
intensity, Accerdingly, since the ancde T is at
a positive potential, there will be a flow of plate
current having a value broportional to the light
intensity. Thig flow-of plate current will charge
up the condenser 9 by an amount depending
upon the value of the plate current, the right-
hand termingl 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 s second electric discharge de-
vice indicated at 3¢, The resistancs {5 shuni-
Ing condenser @ ig large enough so thaj the con-
denser will not be completely discharged during
this one half cycle. '

The device 3i may be a vacuum tube, similay
to the first device and, as ilustrated, includes a
cathode 33, an anode 35 and a control electrode
31. The cathode 33 is connected through s vari-
able tap 38 to the same end of the voltage di-
vider 8 that the ancde T of the electric discharge
device | is connected to. The anocde 35 is.con-
nected through the load 44 to the opposite end
of the voltage divider 8. Thus it will be seen
that when the phase of the voltage from the
seurce [ is such as to make -the first tube I
operative, the second tube 31 is inoperative since
its anode 35 is at g negative potential, ILike-
Wwise, when the phase of the voltage is such that
the first tube { ig Inoperative, the second tube
&1 is operative.

The control grid 37 of the tube 31
to the plate end of the resistor 15
output of the tube 31 is controlled

is connected
so that the
by the volt-

.age drop across the resistor 18. By connecting

the cathode %3 to the voltage divider 9 at g point
on one side of the variable tap 1, a suitable
biasing voltage may be applied to the control
grid 37. TIn the diagram, the relation of the vari-

able taps 17T and 39 is such that when the ‘second .

tube 31 is operative, a slight negative bias is ap-

. Plied to its control grig 37 by a section 43’ of
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the voltage divider 9. .

Referring now .to the operation of the circuit

r the second half of the cycle, it will be ap-
parent that during this half cycle the anode 35
of tube 31 is positive whereby a current may fiow
through the load 41, the value of the current
depending upon the voltage applied to the con-
trol electrode 37, .We have seen hat 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
21. The charge on the condenser 19, shunted
by the resistor { §, is such that, during the second
half cycle, a negative botential is impressed upon
the control electrode 37. Therefore, if the light
striking the photoelectric cell 21 increases in in-
tensity, the value of current through the load
41 decreases, S

When light striking the Photoelectric cell 21
decreases, the charge on condenser 19 leaks off
through the resistor- {5 untii equilibrium is
reached at a new level. The plate current of
tube 3f also readjusts itself to a higher value.
Thus the output of tube 31 may be either in-
creased or decreased by varying the intensity of
the light striking the phetoelectrie cell. -
. In Pig,

sy,

the said grid, proportional to the light '

- would be used ordinarily in

current supplied from source 4%

‘the control grid 31 durire

2, the circuit of Fig, ] is ShOWQ«,n_Jod,_ir-v
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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 31 are preferably
vacuum tubes of the screen grid type in order
that efficient amplification of g comparatively
high frequency alternating current may be ob-
tained. Instead of a 60 cycle supply, such as
the circuit shown in
Fig. 1, an alternating current source 45 prefer-

ably supplies current‘havmg & frequency which .

is above audibility,
cycles, ‘

The output circuit of the discharge device 31
Includes a low-pass filter £1 which has s cut-
off frequency above the signal frequencies and
below the frequency of the alternating current
supplied by the source &8, Thus, the signals will
appear in the ouiput, while the high frequency
wiil be Altered

such as a frequency of 25,000

out.

While a photoelectric cell has been Mustrated
in the Input circuiy of the amplifier, it should
be understood that % signal voltage may be Im-
pressed upon the ampiifier input circuit in any
well known manner, - b

Referring to Fig. 3, the clrcuit of Mg, 1 is
shown modified by the addition of two more elec-
tric discharge devices 49 and 51, 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, i

It will be seen that the circuit for the first
discharge device | is the same as shown in Fig, 1.
The circuit for the second discharge device 31
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 half cycle the sec-
ond device is in opcration. ‘This distinction, how-
ever, is not of any great importance as the charac-
ter of the biag which is applied to the control
grid 371 depends upon the particular type of tube
used. The other distinguishing feature is that
the output circuit of the tube 31 includes a
resistor 5§ shunted by a condenser §7 which wilj
charge up during the half cycle the tube 31 is
operating whereby the third electric discharge
device 49 may be controlled by the voltage across
the resistor 5% produced by the charged con-
denser 57,

The third electric discharge device 48, as illus-
trated, is a vacuum tube having a cathode 59, a
control grid 61 and an anode 63. The cathode
59 is connected through a variable tap 85 to an
additional voltage divider section 67 provided for

The control grid "is connected
to the plate end of the resistor 5§ whereby the
condenser 57, if charged by tube 3f, will apply
a negative potential to the control grid.

The fourth electric discharge device 51,
iNustrated, is & vacuum tube having a cathode 13,
an-anode 15 and a control grid T1. The cathode
18 is connected through a vartable tap 19 to s
point near the same end of the voltage divider L
to which the plate 63 of the preceding tube ig
connected. The anode 75 is connected through

10

15

20

30

40

50

<
(=0

60

5



2,084,

a load 81 to the opposite end of the voltage

divider 9. The control grid 11 is connected to

the plate end of the resistor 88 whereby its poten-~
tial may be controlled by the voltage to which
the condenser 11 has been charged. It may be
noted that the position of the variable tap 19
cohnecting the cathode 13 to the voltage divider,
8 is such that a negative bias is applied to the
. control electrode 11 instead of a positive bias as
jo in the case of the other tubes. The reason for
this is that, in the particular
the tube 81 is a power tube which requires a
high negative bias. .
_In each plate circuit, the resistor*which shunts
15 the condenser has & 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 &
decrease in the amount of light on the photo-
electric cell. . 1
The operation of the cireuit shown in Fig. 3

will be understood from the foregoing description

25 given in connection with Fig. i. It may bhe
noted, however, that the signal is delayed & cer-

tain amount in passing threugh the amplifier, '
" vider,

" ‘the -amount of the delay depending upon the
~ number of tubes end the frequency of the alter-
40 nating current supply. That such a delay exists

_will be made apparent by considering the fact -

_that & change in the chiarge 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 1o effect upon the charge of

_the third condenser until the third half cycle.

Referring to the embodiment of my invention
'illugtrated in Fig. 4, it comprises two electric dis-
40 charge devices 83 and 85 connected in cascade for
operating. on onezhalf cycle of &n alternating
urrent and two other electric discharge devices

87 and 88 connected in cascade for operating on

the succeeding half cycle of the alternating cur-

rent. In the circuit {llustrated, these devices are
three-element vacuum tubes. They are provided

with " sultable operating voltages by means of a
" voltage divider 9¢ which is connected across)an
alternating current.source 93. 7

The first discharge device 83 includes a cathode
88, a control grid 87 and an anode 98, the cathode
95 being connected through & variable tap
the voltage divider 81 near the left-hand end and
the anode 99 being connected through & coupling
resistor 103 to the voltage divider 91 at & 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 & light sensitive
60 device 105 which may be & photoelectric cell hav-
"~ ing a cathode 107'and an snode £09. The anode
109 is connected to & point on the voltage divider
91 while the cathode (07 1s connected directly to
the control electrode 87 and to the left-hand end
of the voltage divider 9 through &' grid leak
resistor (48, . :

-
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The second tubé 85 includes & cathode 113, &

control grid. 115.and an anode {17, the cathode
113 being connected to the lower end of the cou-
pling resistor 103, and the control electrode its
being connected to its upper end. The anode 17
is connected to the right-hand end of the voltage
divider 81 through a resistor {19 and a variable
75 tap 121, the resistor 119 being shunted by a-con-

70

"charge devices will operate

. charge on the condenser 123

circult illustrated, -

The vacuum tube 81 includeé a cathode 133, &

' differs from

ol to

 vice, such as either

186 3
denser 123 provided for the purpose described in
connection with the preceding figures.

1t will be apparent that during the half cycle
the anodes 98 and {11 are positive the two dis-
in cascade to charge
up the condenser {23 in accordance with the
intensity of the light striking the photoelectric
cell 105. During the succeeding half cycle, the
will blas the grid
of the tube 89 negatively and control the outpub
of tube 81, v ) ‘

The vacuum tube 83 includes & cathode 125, a
control grid 127 and an anode 128, the cathode:
125 being connected to the same end of the volt-
age divider 91 as that to which the anode 1417
of the second discharge device 88 Is connected.
The anode 128 is connected through a cou-
pling resistor 131 to the voiltage divider at a
point near the middie. The control electrode
121 is connected to the plate end of the resistor
119, whereby its potential is controlied in ac-
cordance with the discharge of the condenser

control grid 135 and an anode {31, the cathode
{33 being connected to that end of the coupling
resistor 131 which is connected to the voltage di-
and .the anode - 131 being connected
through a load
voltage divider 81. The control electrode 138
is connécted -to the plate end of the coupling
yesistor 131 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
that shewn in Fig. 1 in that only
ghout half the voltage from the aliernating
current source 93 1s impressed across the cathode
and anode of each discharge device and in that
a plurality of discharge devices operate as &
cascade amplifier during each half cycle.
" Referring to Figure 5, there is shown the cir-
cuit diagram of & photoelectric cell amplifler
designed for operating a direct current relay.
This circult is designed to overcome ftwo ‘ap-
parently conflicting requirements for efficient
ope;ation_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 éondenser and

rectifier combination 1t is possible to prevent &

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 circult dlagram, the appara-
tus comprises an amplifier tube (51 which mey
be any suitable form of electric discharge de-
a three element or & screen

grid vacuum’ tube having a photoelectric cell

138 to the left-hand end of the

—
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153 connected to its input circuit. In the draw- ~

ings, there is illustrated a three element vacuum
tube having a- cathode 185, & control electrode
-{5T and a plate electrode i59. An alternating
current operating potential is supplied to the
vacuum tube 154 from any
which preferably has a voltage divider (€3 con-
nected thereacross. The voltage divider may he
either a tapped inductance coil or & tapped re-
sistor, as illustrated. . :

70

suitable source (61 .
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The cathode 135 of the amplifier tube is con-
nected to a point on the voltege divider 163 in-
termediate its ends, while the control electrode
157 is connected through a resistor 185 to a
point near one end of the voltage divider.

The photoelectric cell 153 has a cathode 167
which is connected to the upper end of the re-
sistor 165 and an anode 169 which is connected
through a varigble tap (1{ to a point on the
voltage divider 1§§.

The direct current relay 173, which is to be
operated in response to g change in light of the
photoelectric cell 183, consists of g relay winding
175 and an armatuve 177. The winding {75 is
cohnected in the plate clreuit of the amplifier
tube i54, one end of the winding being connected
to the plate electrode 159 and the other end of
the winding being connected to one end of the
voltage divider §§a, ]

It will be apparent that, with the eircuit as
described above, there would be & flow of pulsat-
ing current through the relay winding 175, As
is well known, such a current has a direct cur-
rent component, ‘

I prevent such g direct current component
from appearing in the relay winding {15 by
means of a condenzer (73 aud a rectifler (319,
The condenser 174 is connected across the re-
lay winding 175 whereby it will become harged
during the haly cycle that plate current flows
In the amplifier tube (54,

One terminal of the rectifier 181 is connected
through a verlable tep 183 to the'voltege divider
183 while the other terminal of the rectifier
{81 is conmected o the upper termingl of the
condenser (79 through 2 variable resistor 105,
The rectifier (8§ ig connected in such a divec-
tlon thei the currens flows through ¥ In ihe
dirsction indicsisd b7 the orrow.

With given values of nductance and resistance
for the relay coil 176, the condenser §79 is made
large enough 4o malnioin o fairly high value of
current flow through the winding during the
half cycle thet te clectrode 159 is nega-
tive and the e ig discharging., In other

g i
words, the tizae consiang of the circuit compris-
ing the condenser 179 and the relay cofl 175 s
greater than Yaoth of g second in the case whers
the siternating current supply has g frequency
of 60 cycles per second, i may be noted that,
at the frequency of the supply source employed,
the inductive reactance of -the coil 175 is small
compared with its resistance. '

Under the above described conditions, if the
were removed from the cireuit, the
current flow through the relay winding {15
would be as indicated by the curve in Figure g,
An inspection of this curve shows that during
the half eycle that the plate electrode is posi-
tive the condenser §7§ Is given a certain charge,
plate current at the same time flowing through
the relay winding 175, During the next half
cycle the condenser 179 discharges g certain
amount through the relay coil {715 but it does
not have time to discharge completely before the
next positive half tycle appears. Thus the
charge on the condenser 119 gradually incregses
and the current flowing through the relay coil
{18 has a rather large direct current component,

.

@ i

- &s 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 175 is changed to have
the characteristic shown in PFigure 7. With the
rectifier in the circuit, the condenser 119 charges

2,084,186

up during the positive half cycle, as described
above, and discharges through the relay wind-
ing 175 and the rectifier 181 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 187 causes a flow of current through the
rectifier 181 in such a direction as to aid the
discharging of the condenser {19 and to charge
it a certaln amount in the Opposite direction,
this charge being Indicated by that portion of
the curve appearing below the horizontal line.
Thus, the circuis may be so adjusted that for a
given Nght intensity on the photoelectric cell 153,
the condenser 119 will be discharged a sufficient
amount td prevent it from acquiring a greater
charge with each succeeding cycle. It will be
apparent from the curve of Fig. 7 that the cur-
rent now flowing through the relay winding con-
talns substantially no direct current component,.

The slternating current represented by the
curve In Fig. 7 elther is meintained at a low
velue compared with the direct current which is
t0 operate the relay, or it is fltered out entirely
by means of & Alier connected as shown in Figure
8. If sueh o fAlter i provided, it ig preferably
of the low-pass type comprising a series coil 185
and shuni condensers {94 and having a cut-off
frequency below the frequency of the supply cur-
rent,

. The ampiifier may be adjusted for the above
described condition of no direct current cOTRPRO-
nent in relay winding under the conditicn of
Hght g vbensity striking the photo-
elaetric o 1 practice, the nsusl adjustment
iz o ust the olreunit thai with no light

i xotoeleciric cell 153 the direct cur-
at thrcugh the reley winding 175
Yrith this adjusiment, the instant
5 the photoslectric cell,
mpllfier tube (54 ig decreased, since
trode 157 is made less negative, and
er §78 acquires o grester charge than
sreby the circuit i unbalanced snd
1% component anpears in the ralay
0 to operate the reley,
understocd that if the cirewit is hal-
condition of a given light intensity
toelectric cell 188, the relay may be
by elther o decrease or an increase in
& -polarized re-
lay, it may be made to operate. in one direction
when the light intensity increases and in the op-
posite direction when the light intensity de-
creases,

Various other modifications may be made in
my inveniion without departing from the spirit
and scope thereof and I desire, therefore, that
only such limitations shall be placed thereon as

opernted
. the light Intensity. By utilizing

are necessitated by the prior art and set forth in’

the appended claims,

I ¢laim as my invention:

1. In combination, g plurality of -electric dis-
charge devices, each of said devices having an
input circuit and an output circuit, a scurce of
Power for supplying alternating current thereto,
means {or so connecting said devices to said
source that one of sald devicss is operative on
only one half cycle of said current while another
of sald 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. i

the imped- 4
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_necting sald devices to said
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2. Th combination, a plurality of electric dis-
charge devices, a source of power for supplying °
alternating current thereto, means for so con-
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 eycle,

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, &
source of alternating current, the cathode and
anode of one of said devices being
across sald source, the cathode and anode of an-
other of said devices being oppositely connected
across sald 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. . o
4. In combination, a voltage divider, a plu-
rality of electric discharge devices, each of sald
devices having a cathode, an anode, and & con-
trol electrode, the cathode of one of said de-
vices being connected to one end of sald voltage

connected .

5

divider, the ahode 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
sald voltage divider whereby sald two devices are
rendered operative on opposite half cycles, a con-
denser connected in the anode circult of said first
device, and means for controlling the potential of
the control electrode of said second device in
accordance with the charge on sald condenser.

5. In combination,
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 sald devices during & subsequent
half-cycle in accordance with the operation of
the first mentioned device during the first half-
cycle.

s plurality of electric dis-.

10

15

20

6. Apparatus according to claim 5 character-. .

ized in that a photo-electric cell is included in
the input circuit of said one device. N

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. P
) . RENE:! A. BRADEN.

25

30




