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1 Claim.

My invention relates to photo-electric relay
apparatus. With certain forms of such appara-
tus heretofore constructed and used to control
the operation of a circuit controller in. accord-
ance with the illumination of a photo-electric
device, if the circuit controller is arranged to
operate in one sense when the degree of a-chang-
ing illumination of the photo-electric device
reaches a certain point, it will operate in the
opposite sense with a return of substantially the
same degree of illumination of the device. It
is the object of my invention to provide an im-
proved apparatus of this character wherein the
operations of the circuit controller in the two
opposite senses may be caused to occur at differ-
ent predetermined degrees of illumination of the
photo-electric device. A further object of my
invention is the provision of such improved appa-
ratus whereby both operations of the circuit con-

troller may be caused to occur at various selected.

degrecs of illumination of the photo-electric
device.

My invention will be better understood from
the following description taken in connection with
the accompanying drawing, and its scope will
be pointed out in the appended claim.

Referring to the drawing, Fig. 1 is a circuit
diagram illustrating a form of my invention
adapted for use when supplied by direct current;
and Fig. 2 is a similar diagram of a form of my
invention adapted for use when supplied by alter-
nating current.

In Fig. 1 of the drawing the photo-electric
device 1, which for example may be a photo-
electric tube, is connected to the input side of
the electron discharge amplifier 2 whose output
operates through the relay 3 to cause operation
of the electromagnetic switch 4. This switch
may, for cxample, be used to control the closing
and opening of an artificial illumination circuit
5, and may be automatically operated in response
to variations in the amount of daylight. In this
case the photo-electric device | will be arranged
so as to be subjected to the daylight which is
to control the artificial illumination. The ampli-
fier 2 is shown having the cathode T connected
in scries with the voltage divider comprising the
resistor 8 and the potentiometers 9 and 18, which,
for example, may be 60 ohms each, the divider
being connected across the source of direct cur-
rent supply if-and 12, which, for example, may
be a 110 volt circuit. The anode 14 is shown
connected through the winding of relay 3 with the
positive side of the line and the control grid 185
is shown connected with the cathode of the photo-~

(Cl1. 250—41.5)

electric device .I. The anode of device | con-
nects through resistance 16 with an intermediate
point 1T of resistor 8, and the cathode connects
through the control resistor 18, which for ex-
ample, may be 20 megohms, and resistor 19, which §
for example, may be 5000 ohms with the adjust~
able arm 28 of potentiometer 9. When switch 4

is in closed circuit position the cathode of the
photo device | also connects through contacts 21

of the switch with the adjustable arm 22 of 19
potentiometer 0. )

Relay 3 when in operated position as illus-
trated short circuits the winding of switch #
through resistance 24. When relay 3 is in re-
leased position it completes a circuit from the }5
supply line {1 through resistance 24, the winding
of switch 4 and resistance 25 to the other supply
line 12. Resistor 24 is arranged to heat the
bimetallic strip 26 which in response thereto bends
and short circuits the resistor 24. Current which 20
passes the resistor 24 alone is insufficient to cause
the operation of switch 4 but when this resistor
is short circuited by the bimetallic strip 26 the
increased current supplied to switch 4 is suffi-
cient to cause its operation. The time delay g
mechanism thus provided is useful in preventing
an opening of switch 4 due to flashes of light
such as a flash of lightning. The switch 4 is
provided with cooperating contacts 21 which
complete a holding or sealing-in circuit for the 30
switch. Contacts 28 of switch 4 are shown con- .
trolling the circuit 5 which in the aforesaid ex-
ample is the circuit of the artificial illumination.

The operation of the apparatus is as follows.
Assuming a condition of daylight, the photo-elec- 35
tric device | will have its resistance reduced to
such an extent that the control grid 15 tends to
be positive and the amplifier 2 is passing suffi-
cient current to hold relay 3 in its operated posi-
tion as illustrated. The potentiometer arm 20 4¢
has previously been adjusted to cause this opera-
tion of the amplifier and relay with a predeter-
mined degree of light falling upon the photo-elec-
tric device I. Since relay 3 is operated, the switch
4 is open; hence the illumination circuit 5 is open 4§
circuited. As darkness approaches, the point is
reached which in response to the setting of po-
tentiometer 9 causes a decrease in the energiza-
tion of relay 3 such that this relay drops open.
This operation of relay 3 closes the circuit go
through the heating resistor 24 but the current
passing therethrough is insufficient to operate
switch 4. When the bimetallic strip 26 in re-
sponse to the heat from resistor 24 bends suffi-
ciently to short circuit the resistor, the switch 4 gg




10

20

25

40

2

is operated to closed circuit position. This turns
on the artificial illumination provided in circuit
5 and also closes the holding circuit for the wind-
ing of the switch and through contacts 2{ con-
nects potentiometer arm 22 with the resistance 18.
This in effect transfers the control from poten-
tiometer 98 to potentiometer 10 since the re-
sistor 19 is of such a value that only a small cur-
rent passes it.

However, the resistance 19 is so small compared
with the extremely high resistance of {8 that its
elimination from the bridge circuit has only a
very slight effect. With the return of daylight
the consequent decrease in resistance of the pho-

‘to-electric device { again causes through the

amplifier 2 the energization of relay 3. Thus it
will be seen that the two potentiometers 9 and
10 may be separately adjusted, the former gov-
erning the closing of switch 4 in accoraance with
one degree of illumination of the photo-electric
device and the other governing the opening of
switch 4 in accordance with a higher degree of
illumination of the photo-electric device, both
settings being practically separate and inde-
pendent.

In the modified form shown in Fig. 2 where the
apparatus is adapted to be supplied with alternat-
ing current the corresponding parts are indi-
cated by the same reference numbers. In this
case a transformer 30 is used, the primary of
which connects across the source of alternating
current supply 3t which, for example, may be
a 60 cycle, 110 volt source. Two separate sec-
ondary windings 32 and 33 are shown, the for-

5 mer supplying current to the photo-electric de-

vice and input circuit of the amplifier 2, and the
latter supplying current to the output or load cir-
cuit of the amplifier. In this case the grid (5
connects with one end of the secondary winding
32 through the photo-electric device { and with
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the other end thereof through the resistor 34 and
the capacitor 35. Inasmuch as this modified
form operates in a manner similar to that de-
scribed above in connection with the form shown
in Fig. 1, a detailed description of the operation
is thought to be unnecessary. It should be point-
ed out, however, that the potentiometers 9 and
{0 by which the grid potential of the amplifier 2
is controlled are in this case connected across the
secondary winding 32. The heating circuit for
the cathode of the amplifier 2 is in this case
taken from a portion of the secondary 33. ;

I have chosen the particular embodiments 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 modifi-
cations I aim to cover by the appended claim.
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What I claim as new and desire to secure by g

Letters Patent of the United States is:
Photo-electric relay apparatus comprising a

source of supply of alternating current including

a transformer having a plurality of separate and

independent secondary windings, a grid con- o3

trolled amplifier having an anode-cathode cir-
cuit supplied by one of said windings, a switch
controlled by said circuit, a photo-electric device
connected between said grid and one end of an-
other of said windings, a capacitor connected
between said grid and the other end of said
other winding, a plurality of potentiometers
connected across said other winding each having
an adjustable arm, a resistance connected be-

a0

tween the arm of one of said potentiometers and 35

said cathode and cooperating switch contacts
controlled by said switch connected between the
arm of another of said potentiometers and said
cathode.

WILLIAM D. COCKRELL,
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