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7 Claims,

My inventicn relates to control apparatus for
vapor electric discharge devices operated on al-
ternating current. It relates particularly to ap-
paratus for the control of such devices through
g & rectifying electron discharge amplifier under
the control of a photoelectric device. One object
of my invention is to provide improved apparatus
of this character which is simple in construction,
reliable, efficient, and sensitive in operation, and
inexpensive to manufacture. Another object is
to provide improved apparatus of this character
which when controlled by a photoelectric device
Is adapted te be employed to respond either to
an increase in lght or to a decrease in light, My
present invention is a continustion-in-part of my
copending application Serial No. 526,677, flled
March 31, 1931,

My invention will be better understood from
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the following description taken in connection with .

20 the asccompanying drawing, and its scope will be
pointed out in the appended claims.

Referring fto the drawing, Fig. 1 is a circuit
diagram illustrating one embodiment of my in-
vention; and Figs. 2 and 3 are diagrams illustrat-
ing the characteristics of the apparatus shown
in Fig. 1 when used respectively to respond to an
increase in light and to respond to a decrease
in light.

In the drawing I have shown at 1 a source of
supply of slternating current which, for exam-
ple, may be at 110 volis, 60 eycles per second, and
connected to this supply are the primary windings
of the transformers 2 and 3. The former has s
secondary comprising windings represented at 4,
5, and 6. At 7 is the vapor eleciric discharge de-
vice to be controlled having its ¢athode 8 con-
nected to be supplied with heating current from
the winding 5. ‘The anocde 9 thereof connects
through the load device 10 which, for example,
may be & reloy with one end of the winding 4, the
opposite end of which connects with the midpoint
of winding §. The voliage applied to the grid 11
of device 7 is that due to the combination of a
uniform hbias wave obiained from the winding §
and that of a variable bias obtained from the
apparatus, to be described later, in response to
the operation of the photoelectric device,

For obtaining the uniform bias wave I connect
the grid 11 through the protective resistor 12
shunted by the capacitor 13 and through the re-
versing switch 14 with winding 6 of transformer
2. When the vapor device is to be used to pass
current and operate the relay 10 in response to
a predetermined light increage, the reversing
switch is thrown down, as lustrated, whereby
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the grid connects through the resistor 12 and the
resistor 15 with the right-hand end 16 of wind-
ing 6, the midpoint 17 of this winding being con-
nected with the winding 5. Thus during the pos-
itive half cyeles of the alternating voltage sup- 60
ply, namely, those half cycles during which the
vapor device may pass current, the left-hand end
of winding 4 is positive and the right-hand end
of winding € is negative, hence a negative bias is
applied to the grid from transformer winding 6. 63
For obtaining g uniform grid bias having a de-
sired phase relation when the apparatus is used
to operate the relay 10 in respense to a predster-
mined decrease in light I provide an impedance
in shunt with the winding 6 comprising the ca- 70
pacitor 20 and the non~inductive resistor 21, these
members being constructed to have substantially -
the same impedance value at the frequency em-
ployed. To operate the apparatus irn response
to a predetermined light decrease, the reversing 78
switeh is thrown up so that the grid connects
through the switch and resistors 12 and 15 with
the mid-point 22 of the xmpedance bridged across
the winding 6.
For supplying to grid 11 = variable hiasing 68
voltage in accordance with the amount of light,
I have provided the transformer 3 with the three
secondary windings 28, 29, and 30, and connech
8 reactance device, preferably & capacitor such as
shown at 3%, in series with winding 28 and the 88
rectifying electron discharge amplifier 32. The
capacitor 31 is bridged across the resistor 15
through which it may discharge. The anode 33
of the amplifier 22 connects through the ca-

- pacitor 31 with that end of winding 28 which is 90

negative when anode @ of the vapor device ig
positive, hence the capacitor 31 receives a charge
only during the negative half eycles., The photo-
electric device 35, which is represented as heing a
vhotoelectric tube, is connected to be supplied by 95
the winding 30 through the capacitor 6, the
cathode of the photo device being connected
through the resistor 37 with the grié 38. The
cathode 2§ is connected to be heated from the
winding 28, and through the potentiometer 40 it 100
connects with the anode of the photo device 25,
Variations in the negative hias of the grid 38
and hence the sensitivity of the apparatus is ef=-
fected by moving the arm of the potentiometer
40 in the well understood manner,

. I shall now describe the operation of the ap-~
paratus shown in Fig. 1, assuming that it is to be
operated in accordance with an increase in light,
that is, the relay 10 is to be caused to close in
response to & predetermined increase in light 110
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received by the photoelectric device 35, and as-
suming that the reversing switch 14 is thrown to
the lett, The curve 42 in ¥ig. 2 represents the
voltage applied to the anode 9 of the vapor device
7 and the dotted line 43 represents the tripping
voltage of that device. Because of the connec-
tion of the right-hand end of winding 6 through
the reversing switch and resistor 15 with the grid
11 there is applied to the grid a negative bias-
ing voltage represented by the curve 44 which is
in phase opposition to curve 42, Since the capac-
itor 31 is charged through each successive neg-
ative half cycle when the light is above a pre-
determined quantity and since it discharges
through the resistor 15 during the first half of
the following positive half cycle, the voltage drop
across the resistor 15 resultsin a bias voltage ap-
plied to the grid 11 having the form represented
by the curve 45. The actual voltage applied to
the grid 11 is the algebraic sum of the voltages
represented by curves 44 and 45 which is shown
as the curve 46. Thus it will be seen that the
grid is strongly positive at the instant that the
anode voltage becomes positive and the vapor
device is turned on at the very beginning of each
positive half cycle. With the reversing switch
thrown to the left, therefore, the relay 10 is en-

. ergized with a maximum current to close when
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the amount of illumination reaches a predeter-
mined value.

‘When it is desired to employ the apparatus to
operate the relay 10 in response to a predeter-
mined decrease in the amount of llumination of
the photo device, the reversing switch is thrown to
the rght. In this position of the reversing switch
the biassing voltage applied to grid 11 from the
winding 6 is shown by the curve 48 of Fig. 3,
where curves 42 and 43 are the same as in Fig.
2. 'This curve, it will be noted, is displaced sub-
stantially 90° behind the corresponding curve
44 of Fig. 2, making it lead the anode voltage wave
42 by substantially 90°. This positioning of the
voltage wave 48 is effected through the use of the

impedance comprising the capacitor and resistor.

combination 20 and 21 bridged across the wind-
ing 6, and also to the fact that winding 5 is con-
nected to the midpoint of winding 6.

The bias voltage due to the potential drop
across resistor 15 while photo tube 35 is illumi-
nated is represented by curve 49 which it will be
noticed is in the opposite phase to the correspond-
ing curve 45 of Fig. 2. This is due to the reversal
brought about by the reversing switch 20. The
voltage actually applied to the grid 11 is the com-
bined or algebraic sum of the voltages represent-
ed by curves 48 and 49 which in Fig. 3 is repre-
sented by the curve 50. This curve, it will be
seen, remains negative to the trip voltage curve
43 throughout the positive half cycle. Hence as
long as the photo tube 35 is illuminated to a pre-
determined degree the vapor device 7 does not
pass-current and the relay 10 remains open. As
the illumination of the photo device 35 decreases,
a point is reached at which the combined voltage
applied to the grid 11 will become less negative
than the tripping voltage and cause the vapor
device T to be tripped and the relay 10 to become
energized. Adjustment of the apparatus to cause
the relay to operate at various degrees of
illumination or lack of illumination of the photo-
electric device 35 may be accomplished by vary-
ing the position of the arm of the potentiometer
40, .

With the apparatus which I have fllustrated
and described above it will be seen that by mere-
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ly throwing the reversing switch 14 to the left or
to the right I am able {o employ the same appara-
tus without further adjustment to cause the re-
lay 10 to close either in response to. a predeter-
mined light increase on the photo device or to
close in response to a predetermined light de-
crease thereon, As shown by Fig. 2 when the
apparatus is used to respond to a light increase
the -vapor device is tripped or turned on at the
very beginning of each positive half cycle since
the voltage curve 46 is positive at the instant that
the anode voltage passes zero at the beginning
of the positive half wave. As shown by Fig. 3
when the apparatus is used to respond to a light
decrease the vapor device 7 is prevented from be-
ing tripped or passing current through the posi-
tive half cycle for the grid voltage curve 50 is
more negative than the tripping curve 43 through
the entire positive half cycle, and when it is
tripped the tripping point occurs in the first
half of the positive half cycle.

I have chosen the particular embodiment de-
scribed above as illustrative of my invention and
it will be apparent that various other modifica-
tions may be made without departing from the
spirit and scope of my invention which modifica-
tlons I aim to cover by the appended claims.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In combination, a source of alternating cur-
rent supply, a grid controlled vapor electric dis-
charge device connected to be energized from
sald supply and operative on the positive half
cycles thereof, a reactance device, rectifying
means for supplying current thereto from said
supply during the negative half cycles, means
for supplying a bias voltage from said source and
means for applying to said grid the voltage across
sald reactance device combined with said bias
voltage. ’

2. In combination, a source of alternating cur-
rent supply, a grid controlled vapor electric dis-
charge device connected to be energized from said
supply and operative on the positive half cycles
thereof, a reactance device, a variable impedance
device, a rectifying electron discharge device
controlled thereby and connected to supply cur-
rent to sald reactance device from said source
during the negative half cycles, means for sup-
plying a bias voltage from sald source and means
for combining said bias voltage with the voltage
across said reactance device and supplying the
combined voltage to said grid. .

3. In combination, a source of alternating cur-
rent supply, a grid controlled vapor electric dis-
charge device connected to be energized from said
supply and operative on the positive half cycle
thereof, a capacitor, rectifying means for sup-
plying charging current thereto from said supply
during the negative half cycles, means for sup-
plying a bias voltage. to said grid from said
source and means for supplying to said grid
simultaneously the voltage across said capacitor.

4, The combination of a source of alternating

current supply, a grid controlled vapor electric -

discharge device energized therefrom and ar-
ranged to pass current during the positive half
cycles, a photoelectric device and means coop-
erating therewith for causing said vapor device
to pass current in response to a predetermined
increase in light affecting said photo device, said
means comprising a capacitor arranged to be
charged from said supply during the negative half
cycles thereof, means for producing a voltage
wave in phase opposition to said supply and
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means for applying said voltage wave and the
voltage across said capacitor to said grid,

5. The combination of a source of alternating
current supply, a grid controlled vapor electric
discharge device energized therefrom and ar-
ranged to pass current during the positive half
cycles, a photoelectric device, an electron dis-
charge amplifier controlled thereby, g capacitor
connected in series with said amplifier and ar-
ranged to be charged from said supply during
the negative half cycles thereof, means for ap-
plying the voltage across sald capacitor to said
grid and means for simultaneously biasing said
grid with a voltage wave from said supply and
substantially in phase opposition to said positive

cycles.

6. The combination of g source of alternating
current supply, a grid controlled vapor electric
discharge device energized therefrom and ar-
ranged to pass current during the positive half
cycles, a photoelectric device and means coop-
erating therewith for causing said vapor device
to pass current in response to a predetermined
decrease in light affecting said photo device, said

means comprising a capacitor to be
charged from said supply during the negative
half cycles thereof, means for obtaining g lead-

ing voltage wave from said supply and means

for combining said wave with the voltage wave 80
across said capacitor and applying the combined
wave to said grid.

1. The combination of & source of alternating
current supply, a grid controlled vapor electric
discharge device energized therefrom and ar- 85
raned to pass current during the positive half
cycles, a photoelectric device and means cooper-
ating therewith for causing said vapor device to
bass current in response to g predetermined de-
crease in light affecting said photo device, said 90
means comprising a capacitor arranged to be
charged from said Supply during the negative
half cycles thereof, means for obtaining a volt-
age wave from said supply which leads the volt-
age thereof and is substantially in quadrature 95
therewith and means for applying said voltage
wave and the voltage across said capacitor to

said grid.
WILLIAM D. COCKRELL.
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