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[ 5 7] ABSTRACT 

Method and apparatus for controlling energization 
and deenergization of an electrical load circuit such as 
a ?ood-lighting circuit utilizing a control system that is 
responsive to predetermined conditions of atmo 
spheric light. A timing sequence may be initiated upon 
the occurrence of a predetermined degree of morning 
atmospheric light which timing sequence functions to 
deenergize the load circuit at the end of a predeter 
mined period of time measured from dawn, the load 
circuit being previously energized responsive to prede 
termined decrease in the amount of evening atmo 
spheric light. The timing sequence may be variable, 
responsive to variations in the length of daylight 
hours, and may function to achieve deenergization of 
the load circuit at approximately the same time each 
night, thereby precluding unnecessary operation of the 
load circuit during certain periods during the year. 

3 Claims, 28 Drawing Figures 
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LIGHT SENSITIVE ELECTRICAL TIMING 
CIRCUIT 

This is a continuation-in-part of my application Ser. 
No. 238,088, ?led March 27, 1972. 

FIELD OF THE INVENTION 

This invention is directed generally to a method and 
apparatus for controlling energization and deenergiz— 
ation of an electrical load circuit, such as a ?ood 
lighting circuit and more particularly is directed to con 
trolling such energization and deenergization to 
achieve interruption of the load circuit at approxi 
mately the same time each night by a timing sequence 
initiated by a predetermined degree of morning light 
and, if desired, by additionally compensating for the 
variations in length of days and nights during the year. 

BACKGROUND OF THE INVENTION 

Load circuits such as lighting circuits of the type fre 
quently utilized to ?ood streets, buildings, parking lots, 
and the like with light at night, frequently employ de 
vices to energize the lighting circuit at dusk and deen 
ergize the lighting circuit ‘at dawn. In view of the fact 
that less activity may occur in any given area after a 
certain time of night, for example midnight, it may be 
appropriate to terminate ?ood-lighting after any prede 
termined hour for the purpose of conserving electrical 
power. Lighting systems have been developed, there 
fore, that employ timing mechanisms initiating a timing 
sequence at dusk, which timing sequence achieves de 
energization of a lighting circuit at the end of the timing 
sequence. Automatically actuated lighting systems hav 
ing light responsive timing sequence cutoff, it designed 
for cutoff at a preselected time during the longest eve 
nings of the year, will logically provide lighting several 
hours past the desired cutoff time during that period of 
the year when evening hours are relatively short. Light 
ing systems that are energized several hours past the 
desired cutoff time are quite inefficient from the stand 
point of electrical power costs. ‘ 
One way to insure cutoff at a predetermined time 

each evening would be to employ a timing circuit that 
is synchronized with the time zone in which the cir 
cuitry is installed. An installation of this nature would 
be particularly disadvantageous because of the require 
ment that actuating mechanism of the timing circuit be 
synchronized manually with the time of day when oper 
ation of the circuitry is initiated. This is, of course, un 
desirable because of the labor costs that would be in 
volved in manual synchronization of the timing circuits. 
Another disadvantage of this particular type of timing 
circuit lies in the fact that temporary interruption of 
electrical power to the timing circuit would require re 
synchronization of the timing circuit thereby rendering 
timing systems of such nature highly impractical. 
During the Summer season of the year and especially 

during periods when daylight saving time is in effect, 
dusk occurs quite late and lighting systems which, for 
example, may employ a seven and one-half hour timing 
sequence appropriate for the long nights of the Winter 
season, would cause the lighting system to remain ener 
gized much longer than is desirable. For example the 
lighting system might be on until 3:30 to 4:00 A.M. dur 
ing the shortest nights of Summer, causing the lighting 
system to be operated three and one-half to four hours 
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2 
longer than the desired cutoff time. Lighting systems of 
this nature, of course, are quite undesirable. 
Accordingly, it is a primary object of the present in 

vention to provide a novel load circuit control mecha 
nism that compensates for variations in daylight and 
darkness and achieves deenergization of the load cir 
cuit at approximately the same time each night. 

It is a further object of the present invention to em 
ploy novel methods of controlling energization and de— 
energization of a load circuit by employing a timing se 
quence measured from the occurrence of a predeter 
mined degree of morning atmospheric light such as 
dawn, for example. 

It is an even further object of the present invention 
to provide a novel circuit control mechanism that is ef 
fective to provide for automatic and economical opera 
tion of a load circuit timed by atmospheric light condi 
tions. 
Among the several objects of the present invention is 

noted the contemplation of a novel load circuit control 
mechanism that is actuated by a variable time sequence 
that is capable of variation responsive to seasonal varia 
tions in the length of the period of daylight. 

It is also an object of the present invention to provide 
a novel circuit control mechanism that incorporates a 
heat actuated mechanism that compensates for differ 
ences in ambient temperature without creating varia 
tions in the time of switch actuation. 

It is another object of the present invention to pro 
vide a light responsive novel timing mechanism for a 
load circuit that may incorporate a temperature sensi 
tive mechanism that may be effective to retard initia 
tion of a timing sequence responsive to ambient tem 
perature. 

It is also an object of the present invention to provide 
a novel timing mechanism for controlling a load circuit 
that is simple in nature, reliable in use, and low in cost. 
Other and further objects, advantages and features of 

the present invention will become apparent to one 
skilled in the art upon consideration of the written 
speci?cation, the attached claims, and the annexed 
drawings. The form of the invention, which will now be 
described in detail, illustrates the general principles of 
the invention, but it is to be understood that this de 
tailed description is not to be taken as limiting the 
scope of the present invention. 

SUMMARY OF THE INVENTION 

The invention embodies a method for controlling en 
ergization and deenergization of a load circuit, such as 
an electric ?ood-lighting circuit, for example, in re 
sponse to atmospheric light conditions and achieves de 
energization of the load circuit at approximately the 
same time each night. 
A load circuit may be provided across which a load, 

such as one or more electrical lamps, is connected. The 
load circuit may be energized and deenergized by a 
contact that is opened and closed responsive to prede 
termined resistance levels of a first photoelectric cell 
circuit. A shunt circuit may be connected to the photo~ 
electric cell circuit and may include a ?rst switch that 
is closed to shunt the photoelectric cell circuit and re 
duce the resistance thereof sufficiently to open the load 
circuit contact. A timing circuit may be employed 
which includes an electrically energized clock motor 
that may provide a predetermined timing sequence at 
the termination of which the load circuit contact is 
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opened to deenergize the load circuit. The timing cir 
cuit may include a switch through which it may be en 

ergized. 
A reset circuit may also be connected across the load 

circuit and may function in response to resistance of a 
second photoelectric cell functioning in response to 
predetermined morning light conditions to reset the 
timing circuit mechanism. The reset circuit may trip a 
switch mechanism including switches for the shunt cir 
cuit, the timing reset circuit and the timing circuit in 
such manner that the switches are actuated sequen 

tially to allow the circuit control mechanism to reset 
itself in readiness for a subsequent actuation cycle. 

If desired, the timing mechanism may be responsive 
to the length of the daylight period of any given day to 
vary the length of the timing cycle. Such variation may 
be accomplished by a shield mechanism for shielding 
atmospheric light from a photoelectric cell and being 
movable responsive to temperature conditions for ex 
posing the photoelectric cell and thereby accomplish 
ing variations in the starting time of the timing se 

quence. 
The timing mechanism may also incorporate a mech 

anism responsive to the length of daylight hours of any 
given day for varying termination of the timing se 
quence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited fea 
tures, advantages and objects of the present invention 
as well as others which will become apparent are at 
tained and can be understood in detail, more particular 
description of the invention, brie?y summarized above, 
may be had by reference to the embodiments hereof 
which are illustrated in the appended drawings, which 
drawings form a part of this speci?cation. 

It is to be noted, however, that the appended draw 
ings illustrate only typical embodiments of the inven 
tion and are, therefore, not to be considered limiting of 
its scope for the invention may admit to other equally 
effective embodiments. 

IN THE DRAWINGS 

FIG. 1 is an elevational view of a load circuit timing 
mechanism constructed in accordance with the present 
invention. 
FIG. 2 is a side elevational view of the load circuit 

timing mechanism illustrated in FIG. 1. 
FIG. 3 is a fragmentary sectional view of the timing 

mechanism of FIG. 1, illustrating the timing gear mech 
anism in the operative positions thereof. 
FIG. 4 is a plan view of a load circuit timing mecha 

nism representing one embodiment of the present in 
vention. 
FIG. 5 is a simple electrical schematic diagram illus 

trating the basic electrical circuitry of the load circuit 
timing mechanism of FIGS. 1-3. 
FIG. 6 is a partial sectional view of the load circuit 

timing mechanism of FIGS. 1-3 illustrating a light re 
sponsive switch actuating mechanism constructed in 
accordance with the present invention. 
FIG. 7 is a fragmentary sectional view of the light re 

sponsive switch actuating mechanism of FIG. 6, illus 
trating portions of the light responsive elements of the 
switch actuating mechanism in detail. 
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4 
FIG. 8 is a sectional view of an alternative light re 

sponsive switch actuating mechanism for the load cir 
cuit timing mechanism of FIGS. 1-3. 
.FIG. 9 is an elevational view of a further embodiment 

of the light responsive switch actuating mechanism of 
this invention illustrating electrical circuitry thereof in 
schematic form. 
FIG. 10 is a plan view of the heat responsive bimetal 

element utilized in the switch actuating structure of 
FIG. 9. 
FIG. 11 is an elevational view illustrating a further 

modified embodiment of the light responsive switch ac 
tuating mechanism with which the timing mechanism 
of FIGS. 1-3 may be provided. 
FIG. 12 is a fragmentary sectional view of the switch 

actuating mechanism in FIG. 11 illustrating the posi 
tion of the operating parts thereof upon opening of the 
switch contacts. 
FIG. 13 is a sectional view of an even further modi 

fied embodiment of the light responsive switch actuat 
ing mechanism for which the timing mechanism of 
FIGS. 1-3 may be provided. 
FIGS. 14-18 are plan views in schematic form illus 

trating a light responsive switch control mechanism and 
electrical circuitry therefore having the capability of 
compensating for differences in length of daylight and 
darkness to achieve deenergization of the load circuit 
at approximately the same time each night. 
FIG. 19 is a schematic illustration of a part of a time 

delay circuit for achieving delay in cutoff time of a load 
circuit by compensating for differences in the length of 
daylight hours. 
FIG. 20 is a schematic illustration of the remaining 

part of the time delay mechanism illustrated in FIG. 19. 
FIG. 21 is an electrical schematic diagram illustrating 

the electrical circuitry of a multiple voltage module 
adapting the load circuit control mechanism of the 
present invention for service under various voltage 
conditions. 
FIG. 22 is an exploded isometric view illustrating the 

multiple voltage module in mechanical form. 
FIG. 23 is a plan view illustrating a bimetallic temper 

ature responsive contact actuating mechanism that 
may be provided for controlling energization of the 
timing control mechanism of the present invention 
under high voltage conditions. 
FIG. 24 is a side elevational view illustrating the bi 

metallic temperature responsive contact actuating 
mechanism of FIG. 23. 
FIG. 25 is a bottom view of the bimetallic element of 

FIG. 23 illustrating the relationship of the ?exible braid 
to the switch actuating arm of the bimetallic element. 
FIG. 26 is a side view illustrating yet another embodi 

ment of the light-responsive switch actuating mecha 
nism of this invention, wherein the resistor is spring 
biased in position. 
FIG. 27 is a top view illustrating the spring element 

employed in the structure of FIG. 26. 
FIG. 28 is an enlarged view of the stabilizing button 

403 of FIG. 26. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Now referring to the drawings and first to FIG. I 
there is illustrated a load circuit timing mechanism gen 
erally at 10 including a base support wall 12 to which 
an electrical connector 14 may be fixed in any suitable 
manner with connector element 16 thereof depending 
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through an opening 18 that may be formed centerly of 
the base support wall. 
A pair of clock motor support elements 20 may also 

be ?xed to the base support wall 12 and may be opera 
tive to support an electric clock motor 22 and an upper 
support wall 24 by means of screws 26 extending 
through the support wall and through an upper support 
element of the clock motor 22. 

It may be desirable to utilize rotary motion of the 
clock motor 22 for actuation of one or more switching 
elements capable of switching various control compo 
nents of the timing mechanism as desired. For such 
purpose the clock motor may include a drive shaft 28 
driving a pinion gear 30 that may be disposed in en 
gagement with a large pinion gear 32 having a cam ele 
ment 34 suitably connected thereto. As illustrated in 
FIG. 3 the cam element 34 may be provided with an in 
ternal cavity 36 within which a compression spring 38 
may be disposed. A retainer element 40 may be press 
?tted within an enlarged portion of the cavity 36 and 
may be operative to retain the compression spring 38 
within the cavity. The rotatable cam element 34 may be 
movable from the full line position thereof, illustrated 
in FIG. 3, to the broken line position thereof upon com 
pression of the spring 38 thereby causing gear teeth on 
the large gear 32 to become disengaged from the gear 
teeth of the pinion gear 30. Upon such disengagement 
the cam element 34 may then be rotated in its de 
pressed condition to any suitable position and, upon re 
lease, the compression spring 38 will again move the 
cam elements upwardly to the full line position thereof 
causing reengagement of teeth of gears 30 and 32. 
As illustrated in FIG. 3, the cam 34 may be provided 

with a cam depression 42 of any desirable configura 
tion within which may be received the free extremity of 
the switch actuating arm 44 of one or more switching 
elements 46. The switching elements 46 may be pro 
vided for energizing and deenergizing a load circuit 
such as a flood-lighting circuit for streets, parking lots 
or the like or, in the alternative, the switches 46 may 
be provided to actuate appropriate electrical circuitry 
that may in turn program the load circuit switch mech 
anism for appropriate actuation. For example, the 
switches 46 may be employed to energize a relay shown 
in broken line at 48 in FIG. 5 that may actuate the 
switching mechanism of the electrical circuitry dis 
closed therein. 

Referring now again to FIG. 1, support element 50 
may be provided with a ?ange 52 at the lower extremity 
thereof that may be fixed in any suitable manner to the 
support base wall 12. The vertical support 50 may be 
provided with upper and lower apertures respectively 
receiving upper and lower photoelectric cells 54 and 56 
in ?xed relation therein. The upper photoelectric cell 
54 may be primarily supported by a photoelectric con 
trol housing 58 and may merely extend through an ap 
erture provided in the vertical support 50 to expose the 
photoelectric cell in position to receive atmospheric 
light. The photoelectric control housing 58 may be 
composed of any suitable insulating material and may 
include a switch actuating mechanism responsive to 
relative flow of electrical current transmitted by appro 
priate electrical circuitry under control of the photoe 
lectric cell 54 in response to light being received by the 
photoelectric cell. Typically, the switch actuating 
mechanism may incorporate a bimetal device that may 
be actuated by heat developed by a resistance element 
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6 
maintained in contact with the bimetal device. The bi 
metal device, upon being suitably heated, will cause 
physical movement of the contacts to the open position 
thereby deenergizing the load circuit to which the 
contacts may be connected. Specific examples of ther 
mal responsive deenergization of a load circuit will be 
discussed hereinbelow in connection with FIGS. 6-14. 
Referring now to FIG. 5, there is disclosed a basic 

schematic electrical circuit for actuation of a timing 
mechanism constructed in accordance with the present 
invention. A pair of conductors 60 and 62 may be pro 
vided across which a load 64 may be connected, which 
load may be any electrical structure powered by cur 
rent from the conductors 60 and 62. To promote un 
derstanding of the present invention, however, the load 
will be described as an electrically energized ?ood 
lighting system that is desired to be energized at any 
suitable reduced atmospheric light condition and is 
adapted to be deenergized after the passage of a prede~ 
termined period of time that may be initiated by a suit 
able degree of morning atmospheric light. For purposes 
of simplicity, the predetermined condition of morning 
atmospheric light shall be referred to herein as “dawn” 
while the predetermined condition of evening atmo 
spheric light shall be referred to herein as “dusk”. It is 
considered obvious that the apparatus of the present 
invention may be readily adjusted for any suitable as 
tronomical lighting condition such as twilight, dawn, 
sunrise or daylight, for example, without departing 
from the spirit or scope of the present invention. 
Conductor 60 may be provided with a contact 66 that 

may be actuated between opened and closed positions 
by the photoelectric cell 54 that may also be connected 
across the conductors 60 and 62 and placed in series 
with a resistance 68. The photoelectric cell 54, the re 
sistance 68 and the contact 66 are enclosed in broken 
line to illustrate such circuitry as the equivalent of a 
conventional dusk-dawn actuated photoelectric con 
trol system for a load such as a ?ood-lighting circuit. 
The present circuitry incorporates a shunt circuit 70 

having a shunt switch 72 that may be closed to shunt 
the photoelectric cell 54 thereby decreasing the resis 
tance of the photoelectric circuit and causing the 
contacts 66 to open and thereby deenergizing the load 
circuit. A photoelectric cell, such as employed here 
with, may have a resistance of 1,000 ohms in full day 
light which resistance may increase to one megohm 
upon the occurrence of full darkness. The photoelec 
tric cell 54 therefore controls the amount of current 
?owing across the resistance 68. 
The resistance is typically the heater winding of a bi 

metal control mechanism for actuation of the contact 
66 between its open and closed positions. It is obvious, 
therefore, that under conditions of darkness, the resis 
tance of the photoelectric cell 54 will be sufficiently 
high to retard the flow of current across the resistance 
68 sufficiently to cause the bimetal mechanism to 
maintain the contacts 66 in the closed position thereof 
energizing the load circuit. As dawn approaches, the 
light received by the photoelectric cell will cause its re 
sistance to drop thereby increasing the flow of current 
across resistor 68 and heating the bimetal mechanism 
which in turn actuates the contact to its open position 
and deenergizes the load circuit when sufficient heat is 
developed in the resistance 68. 
Assuming that the photoelectric cell 54 is in a condi 

tion of darkness and its resistance is increased suffi 
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ciently to retard the flow of current in resistance 68, 
the heat generated by the resistance will be insufficient 
to cause the bimetal element to retain the contact 66 
in the open position thereof, which maintains the load 
circuit in energized condition through the closed 
contact. Under this condition the ?ood-lighting circuit 
would be operating. Upon closure of the shunt switch 
72, current across the photoelectric cell 54 will be di 
verted eliminating the resistance of the photoelectric 
cell and suddenly increasing the flow of current across 
the resistance 68 and rapidly heating the bimetal ele 
ment sufficiently to move the contact 66 to its open po 
sition resulting in deenergization of the load circuit, 
causing the lighting system to turn off. 
The control circuitry may incorporate a clock motor 

circuit 74 having a clock motor switch 76 that may be 
actuated between open and closed positions to control 
energization of the clock motor circuit. The circuitry 
may also include a clock reset circuit 78 having the 
photoelectric cell 56 connected therein in series with 
a resistance element 80 and a reset switch 82. The re 
sistance element 80 may be a resistance winding 
adapted for heating a bimetal element 81 that is opera 
tive to control actuation of a reset mechanism that re 
sets the clock motor at its starting position upon ther 
mal actuation of the bimetal element. The photoelec 
tric cell 56, like the cell 54, is of low resistance in full 
light and increases substantially in resistance in dark 
ness. Assuming the switch 82 to be closed, substantially 
retarded current will flow through the resistance wind 
ing 80 with the photoelectric cell 56 in darkness 
thereby maintaining temperature of the winding suffi 
ciently low to prevent actuation of the bimetal element 
81 to the reset position thereof. As dawn approaches, 
the resistance of the photoelectric cell 56 will decrease, 
thereby increasing the flow of the current in the resis 
tance element 80 causing heating of the bimetal ele 
ment 81. After the bimetal element has become suffi 
ciently heated, it will actuate an electric circuit or 
move a mechanical mechanism identi?ed by broken 
line, thereby causing the clock motor 22 to become 
reset to the starting position thereof. 

It may be desirable to provide a temperature respon 
sive mechanism for the timing sequence control mech 
anism of the present invention, which, according to the 
present invention may conveniently take the form illus 
trated in FIG. 2 where a light shield 51 may be disposed 
adjacent the lower photoelectric cell 56. The light 
shield may be capable of being moved from the full line 
position to the position illustrated in broken line at 56, 
responsive to a certain predetermined range of ambient 
temperature, to partially shield the photoelectric cell 
and thereby retard the light responsive initiation of the 
timing sequence. A bimetallic support element 53 may 
be fixed in any suitable manner to the vertical support 
50 and may be adapted to support the light shield 51 
in movable relation with the vertical support. 
During the Winter season, when the ambient temper 

ature is relatively low, the bimetallic support element 
53 will be operative to move the light shield 51 to or 
near the full line position thereby allowing the photoe 
lectric cell to be fully responsive to all available atmo 
spheric light. Initiation of the timing sequence is not de 
layed and deenergization of the load circuit is achieved 
at or near the preselected cutoff time. 
Conversely, during the Summer season when the am 

bient temperature is quite high in most parts of the 
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8 
Northern hemisphere, the bimetallic support element, 
responding to the high ambient temperature condition, 
will be operative to move the light shield from the full 
line position to or near the broken line position. The 
photoelectric cell is thereby partially shielded from the 
available atmospheric light and the internal resistance 
of the photoelectric cell will remain high preventing ac 
tuation of the timing sequence until light conditions be 
come sufficiently bright to reduce the resistance of the 
shielded photoelectric cell. 
To achieve proper contact actuation to open and 

close the contacts of the load circuit only in response 
to thermal conditions generated by the resistance level 
of a photoelectric cell, it is necessary that the contact 
actuating mechanism compensate for changes in ambi 
ent temperature and yet remain quite sensitive to heat 
induced by electrical resistance. It is also necessary that 
contact alignment be accurately maintained in order to 
insure full surface contact engagement to prevent burn 
ing that might otherwise occur by arcing across the 
contact elements. Where a single bimetal arm is em 
ployed to control contact movement, the controlling 
contact movement is typically of arcuant nature which 
tends to complicate a problem of maintaining positive 
alignment of the contacts. The contacts should be 
moved as nearly linearly as possible into full engage 
ment to prevent arcing that might otherwise occur if 
the contacts should engage in misaligned condition. It 
is also appropriate that the contacts snap or move 
quickly to the open and closed positions without vibrat 
ing or chattering before positive opening or closing 
movements are achieved. A chattering or vibrating 
condition may tend to cause arcing and burning of the 
contacts. 

In providing for effective position movement of the 
contacts of the load circuit between open and closed 
condition, it may be necessary for the contact actuating 
mechanism to compensate for changes in ambient tem 
perature and yet achieve positive aligned relation be 
tween the contacts to prevent arcing and burning of the 
contacts that might otherwise occur. It may be also ap 
propriate to cause the contact to move substantially lin 
early in a snap or rapid opening and closing movement 
to prevent chattering or burning of the contacts. Ac 
cordingly, a temperature responsive contact actuating 
mechanism according to the present invention, may 
conveniently take the form illustrated in FIG. 6 where 
movement of the contacts is achieved substantially lin 
early and by snap action responsive to ambient temper 
ature compensated helical bimetal elements 82 and 84 
that may be secured in spaced relation with the inner 
wall 86 of a generally circular housing 88 by an insulat 
ing material 90 that may be composed of any one of a 
number of both thermally and electrically insulative 
materials including the capability of adhering to both 
metal and plastic. The bimetal elements 82 and 84 may 
be maintained in spaced relation at the secured extrem 
ities thereof by a body 92 of similar insulating and 
bonding material. It may be appropriate to form a sin 
gular body of insulating material to secure the bimetal 
elements in fixed relation with the wall structure of the 
housing 88 and to maintain them in spaced and electri 
cally insulated relation. 
As illustrated in detail in FIG. 7, which shows por 

tions of the bimetal elements in section, each of the bi 
metal elements is composed of laminated metal strips 
94 and 96 that are capable of controlled movement 
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when heated and cooled. Both of the bimetal elements 
therefore respond in similar manner to changes in am 
bient temperature thereby causing contact elements 98 
and 100 to be maintained in aligned properly oriented 
relation at all times regardless of the particular ambient 
temperature to which the bimetal elements might be 
subjected. Bimetal 84 may be provided with a covering 
102 of insulating material that serves to retard transfer 
of heat from the atmosphere surrounding the bimetal 
element to the laminated metallic strip 96. This feature 
causes the bimetal element 84 to be slowly responsive 
to changes in ambient temperature and prevents it from 
being excessively sensitive to changes that occur when 
the opposite bimetal element 82 is heated electrically. 
Bimetal element 82 may include a similar covering 

104 of thermal insulating material that also has a capa 
bility of providing electric insulation about which a re 
sistance winding 106 may be wound. 
As illustrated schematically in FIG. 6, the photoelec~ 

tric cell 54 may have its circuit connected in series with 
the resistance winding 106 thereby providing for ener 
gization of the resistance winding in direct response to 
the internal resistance of the photoelectric cell. Con 
ductors 108 and 110 represent a load circuit connected 
respectively to the bimetal elements 82 and 84 which 
causes the load circuit to be completed by closing of 
the contact elements 98 and 100. Contact 100 may be 
supported by a permanent magnet 112 serving to urge 
the contacts 98 and 100 into engagement. Magnet 112 
insures that the contacts 98 and 100 are snapped closed 
by the flux of the magnet or open against the force ex 
erted by the magnetic ?eld of the magnet to energize 
and deenergize the load circuit without allowing a con 
dition of chattering to occur that might otherwise allow 
arcing to damage the contacts. 
As the resistance of the photoelectric cell 54 in 

creases in response to a subdued atmospheric light con 
dition, the flow of current through the resistance wind 
ing 106 will be decreased, thereby causing cooling of 
the bimetal strip 94 of the bimetal element 82 which 
causes the bimetal element to shorten and cause move 
ment of the contact element 100 and magnet 112 up 
wardly thereby urging the contact element 100 toward 
contact element 98. As the contact elements are moved 
intojuxtaposition by the bimetal element, upon cooling 
thereof, the magnetic ?eld of the magnet 112 will snap 
the contacts together thereby completing the load cir 
cuit. 
Conversely, in response to a condition of increased 

atmospheric light, the resistance of the photoelectric 
cell 54 will decrease thereby allowing increased current 
?ow in the resistance winding resulting in heating of the 
bimetallic strip 94 of bimetal element 82. The bimetal 
element 82, upon being heated, will elongate and cause 
movement of the contact element 100 and magnet 112 
downwardly tending to separate the contact elements 
98 and 100 against the force created by the flux of the 
magnet. Upon the occurrence of a suf?cient separating 
force, the force created by the magnetic ?eld of the 
magnet will be overcome and the contact elements will 
snap apart opening the load circuit. 
As an alternative it may be desirable to provide struc 

tural elements fixing the inner extremities of the bi 
metallic arms 82 and 84 relative to the housing 88 and 
to allow the opposite extremities thereof to be free for 
movement for the purpose of opening and closing 
contacts that might be provided adjacent the inner wall 
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86 of the housing. It is only necessary that the bimetal 
lic arms be capable of movement responsive to changes 
in temperature thereof and that such movement be 
compensated for ambient temperature in the manner 
discussed hereinabove. 
With reference now to FIG. 8, there is illustrated a 

modi?ed embodiment of the thermally compensated 
bimetal contact actuating mechanism that includes a 
support element 114 that may be secured in any suit 
able manner to the inner peripheral wall 116 of a hous» 
ing 118 constructed similar to the housing 88 described 
above in connection with FIG. 6. A bimetal element 
120 may be secured to the support element 114 and 
may be provided with an insulating covering 122 about 
which may be wrapped a resistance winding 124. A 
?xed contact 126 may be secured to the bimetal ele 
ment 120 adjacent the inturned portion of the support 
element 114 thereby securing contact 126 in substan~ 
tially immovable relation with respect to the housing 
structure. A structural bridge element 128 may be pro 
vided with angulated extremities 130 and 132 to which 
may be ?xed corresponding extremities 134 and 136 
respectively of the bimetal element 120 and a corre 
sponding bimetal element 138. A permanent magnet 
element 140 may be provided at the free extremity of 
bimetal element 138 and may support a contact cle 
ment 142 disposed in alignment with contact element 
126. As the bimetal element 120 is heated by resistance 
winding 124, in response to change in the internal resis 
tance of a photoelectric cell 54, the bimetal element 
120 will become ?exed and through its bridged connec 
tion with bimetal element 138 will cause substantially 
linear movement of the free extremity of bimetal ele 
ment 138 thereby moving the magnet 140 and contact 
element 142 in substantially linear manner. The mag 
net or spring element 140 is provided to cause snap ac 
tuation during both opening and closing movements to 
prevent burning of the contact elements 126 and 142, 
as discussed above. Opening and closing movements of 
the contact elements 126 and 142 will be achieved in 
similar manner as discussed above in connection with 
FIG. 6. 
As shown schematically in FIG. 8 the circuit of the 

photoelectric cell 54 may be connected in series with 
the resistance winding 124 to one conductor of the load 
circuit. The load circuit is shown to be completed 
through the contact elements 126 and 142 in the closed 
position thereof. 
Referring now to FIGS. 9 and 10 a modified bimetal 

actuated switch actuating mechanism is illustrated uti 
lizing a snap action blade mechanism for opening and 
closing the contacts of a load circuit. The bimetal ele 
ment 144, illustrated in plan view in FIG. 10, is cut 
away in such manner as to define a blade 146 to which 
an upper contact element 148 may be fixed in any suit 
able manner. The blade 146, upon heating of the bime 
tallic element 144, will snap between positions opening 
and closing the load circuit in the manner discussed 
hereinbelow. A base member 150, that may be the bot 
tom wall of a generally cylindrical housing, may be pro 
vided to which one extremity of the bimetallic element 
144 is secured by means of a screw 152 or any other 
suitable means of connection. An electrical connector 
element 154 may be secured between the screw 152 
and the bimetal element 144 to establish electrical 
contact between one conductor 156 of the load circuit. 
The remaining conductor 158 of the load circuit may 
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be connected to a contact element 160 carried by the 
base member 150. 
Heating of the bimetal element 144 may be accom 

plished by means of a resistor 162 composed of mate 
rial having positive temperature coefficient of resis 
tance and which may be of generally circular con?gu 
ration having one side thereof connected in a series 
with the circuit of a photoelectric cell 164 and with the 
opposite extremities thereof connected to leg 156 of 
the load circuit. A thermally conductive plate 166 that 
may be composed of copper, for example, may be se 
cured in any suitable manner to the carbon resistor 162 
and may be maintained in intimate engagement with 
the bimetal element 144 in any suitable manner. Alter 
natively, the resistance element may have metallized 
upper and lower surface that may be disposed for direct 
contact with the bimetal element 144. The heat trans 
fer element 166 merely serves to transmit heat gener 
ated by the carbon resistance element 162 to the snap 
action bimetal element 144. The photoelectric cell 164 
may be ?xed to a wall structure of the housing in such 
manner that the photoelectric cell is exposed to receive 
atmospheric light. 
Referring now to FIGS. 11 and 12, there is disclosed 

a further modi?ed embodiment of the thermally re 
sponsive load switch actuating mechanism. It may be 
appropriate to utilize a snap action blade as a simple 
and effective photocontrol system for actuating the 
contacts of a load circuit. A contact actuating'mecha 
nism of this nature may conveniently take the form il 
lustrated in FIGS. 11 and 12 where a body element 168 
of electrically and thermally non-conductive material 
may be utilized to which may be fixed a pair of bimetal 
blade elements 170 and 172. The lower bimetal ele 
ment 172, illustrated in greater detail in FIG. 12, may 
include a bimetal strip 174 having a covering of electri 
cally and thermally non-conductive material 176 about 
which may be wrapped a pair of spaced resistance 
windings 178 and 180. Each of the resistance windings 
may be connected in series with the circuit of a photoe 
lectric cell 182 which series connection may be modi 
fied by a biased contact element 184 ?xed to the bime 
tallic element 172. 
A conductive strip 186 may be secured about the bi 

metallic element 172 and may serve to connect the re 
sistance winding 180 in series with the photoelectric 
cell depending upon the position of the bimetallic arms 
170 and 172. The contact element 184 may be adjusted 
by means of an electrically non-conductive screw 188, 
extending through a threaded aperture formed within 
the upper bimetallic arm or strip 170. In the closed po 
sition of the contacts, as illustrated in FIG. 11, the 
screw 188 will cause the contact element 184 to be 
urged into contact with the conductive strip 186, 
thereby connecting winding 180 into series with wind 
ing 178 and into series with the circuitry of photoelec 
tric cell 182. As soon as the contacts are moved apart 
by ?exing of the bimetallic strip 174 in response to 
heating thereof, the contact element 814 will be moved 
out of engagement with the conductive strip 186, as il 
lustrated in FIG. 12 thereby disconnecting winding 180 
‘and thereby substantially reducing the degree of heat 
transmitted by the resistance windings to the bimetallic 
strip. Rapid opening of the contacts is thereby achieved 
by heating produced by resistance winding 178 and 
after opening of the contacts has been accomplished 
maintenance heating is accomplished by the resistance 
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windings 178 and 180, if a series circuit is employed. 
Opening and closing movement of the upper and lower 
contacts 190 and 192 is controlled in part by the bime 
tallic strip 174 and in part by a permanent magnet 194 
to achieve snap action in both opening and closing 
movements of the contacts. The contact actuating 
structure illustrated in FIGS. 11 and 12, therefore, pro 
vides a mechanism for heating the bimetallic strip ele 
ment that is of variable nature to control the amount of 
heat being transmitted to the bimetallic strip to opening 
the contacts and to maintain the contacts in the open 

position. 
An alternative embodiment of the contact actuating 

mechanism of the present invention may incorporate a 
body structure 196, as illustrated in FIG. 13, that may 
support bimetallic arms 198 and 200 supporting 
contacts 202 and 204 respectively. A permanent mag 
net 206 may be employed to achieve snap actuation 
during opening and closing movements in the manner 
discussed hereinabove. The bimetallic arm 198 may be 
provided with an insulated covering 208 having a resis 
tance winding 210 wound thereabout and connected in 
series with the circuit of a photoelectric cell 212. The 
resistance winding 210 may in turn be connected to 
one conductor 214 of a load circuit that is completed 
by closing of contacts 202 and 204 to energize the load 
circuit. 
The contact actuating mechanism illustrated in FIG. 

13 functions in similar manner as discussed above with 
the bimetallic element 198 being heated by the resis 
tance winding 210 and ?exing under the in?uence of 
heat to move the upper contact element 202 out of en 
gagement with the lower contact element 204. 
Although the operational sequence of the circuitry 

illustrated in FIGS. 4 and 5 may vary depending upon 
circumstances involved, the following is an example of 
an operational sequence concerning a lighting system 
that is desired to become energized at dusk and to be 
come deenergized at some predetermined time thereaf 
ter under dark conditions, such as midnight, for exam 
ple. It is not intended that the lighting system remain 
energized until dawn as is typically the case. It is desir 
able however that the lighting system be deenergized as 
nearly as possible to the preselected time but it is not 
generally convenient to employ a synchronized timing 
mechanism to achieve cutoff at the precise preselected 
time because of the various costs discussed above. 
Assuming the relay 48 has been actuated to move the 

switches 72, 76, and 82 to the positions illustrated in 
FIG. 5, it is apparent that the clock motor circuit 74 
will be energized and the clock motor will thereby be 
engaged in a timing sequence. Under this condition the 
reset circuit 78 will be deenergized by virtue of the 
open switch 82 while the contact actuation circuit 76 
will be responsive to the internal resistance of the pho 
toelectric cell 54 to either activate or de-activate the 
load circuit depending upon conditions of light and 
darkness to which the photoelectric cell may be sub 
jected. 
Assuming that a condition of daylight exists, the re 

sistance of the photoelectric cell 54 will be low and 
therefore the ?ow of current through the photoelectric 
cell 54 and the resistance winding 68 will be sufficient 
to heat the resistance winding to the point causing bi 
metal element 69 to maintain the contact 66 in the 
open position thereof deenergizing the load circuit 64. 
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Upon the occurrence of dusk the resistance of the 
photoelectric cell 54 will increase thereby restricting 
the flow of current through the resistance windings 68 
and reducing the temperature of the bimetal elements 
69 suf?ciently to allow the bimetal element to move the 
contact 66 to its closed position thereby energizing the 
load circuit and causing the lighting system to ?ood the 
desired area with light. After the clock motor 22 has 
completed its timing sequence, the relay 48 will be acti 
vated thereby moving the switches 72, 76, and 82 to the 
FIG. 5 position thereof causing the following functions 
to occur. The shunt switch 72 upon moving to its closed 
position, shunts the photoelectric cell 54 thereby sub 
stantially increasing the flow of current through the re 
sistance winding 68 and heating the bimetal element 69 
which causes the contact 66 to be opened to deenergize 
the load circuit and turn the lighting system off. The 
switch 82, upon being closed, energizes the reset circuit 
78 thereby causing current to flow through the resis 
tance winding 80 and the photoelectric cell 56. Be 
cause of the condition of darkness however the resis 
tance of the photoelectric cell will be quite high 
thereby retarding the ?ow of electrical current through 
the resistance winding suf?ciently to maintain the bi 
metal element 81 in inoperative position. The clock 
motor 22 will be stopped under this condition because 
the switch 76 will be maintained in its open position by 
the relay 48. 
As dawn approaches, the light received by the photo 

electric cell 56 will reduce the resistance thereof suf? 
ciently to increase the ?ow of current through the resis 
tance winding 80 thereby heating the resistance wind 
ing and the bimetal 81 sufficiently to cause the reset bi 
metal to actuate the clock motor back to its reset posi 
tion. Simultaneously, the bimetal element will induce 
actuation of the relay 48 causing the switch elements 
to move back to the opposite positions thereof. 

It may be desirable that switches 72, 76 and 82 be se 
quentially actuated to allow the circuitry to shut itself 
down in condition to be reactivated by the reset circuit 
at dawn. For example, at the termination of a timing se 
quence of the clock motor it will be necessary that the 
lighting provided by the load circuit be extinguished 
prior to energization of the reset circuit to prevent the 
reset circuit from initiating a timing sequence in re 
sponse to light produced by the load circuit. This fea 
ture may be accomplished by ?rst closing the shunt 
switch 72 causing opening of the contact 66 in the man 
ner indicated above and thereby extinguishing the 
lighting system. After this has been accomplished the 
reset switch 82 may be closed thereby readying the 
reset circuit for actuation of the reset mechanism at 
dawn. As soon as the reset switch 82 has been closed, 
the clock motor switch 76 will be opened thereby deen 
ergizing the clock circuit and eliminating unnecessary 
actuation of the clock motor. The relay 48 therefore 
must be effective to cause sequential movement of the 
switches to their respective positions. 
Depending upon the latitude at which a lighting sys 

tem or other load circuit may be disposed, it may be de 
sirable to provide a timing sequence control mecha 
nism that compensates for the differences in relative 
length of night and day during the year in order to 
achieve cutoff of the lighting system or deenergization 
of a load circuit as near as is practical to the selected 
cutoff time. Accordingly, a mechanism for compensat 
ing for differences in length of day and night and 
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14 
achieving cutoff of a lighting circuit or other load cir 
cuit may conveniently take the form schematically il 
lustrated in FIGS. 14 through 18 where a timing mech 
anism is illustrated generally at 220 with the various 
parts thereof illustrated in the neutral position at the 
start of a timing sequence. A selector plate 222 may be 
disposed in substantially immovable relation with a per 
manent stop 224 during any particular timing sequence 
although the stop 224 may be adjusted relative to the 
selector plate 222 in order to achieve variation in se 
lected cutoff time. A ?rst rotor 226 may be pivoted 
about a pivot point 228. A ?rst advance lever 230 may 
be disposed in ?xed relation with rotary plate 226 and 
may be operative to impart movement to a ?rst switch 
arm 232 also pivoted at point 228 and being provided 
with a switch mechanism 234 that is normally closed 
and is opened upon engagement by the ?rst advance 
lever 230. A resilient element 236 such as a leaf spring 
may be provided for the ?rst switch arm 232 and may 
be disposed for engagement by a timing variation de 
vice 238 that may, if desired, conveniently take the 
form of a pin that is carried by rotary plate 226 and 
may be disposed in substantially ?xed relation with the 
?rst advance lever 230. 
A second advance lever 240 may be pivoted about 

the pivot point 228 and may be disposed for engage 
ment with a second switch mechanism 242 conve 
niently carried by a second switch arm 244. The switch 
242 may be normally open and may be closed by slight 
pressure exerted between the advance lever 240 and 
the switch mechanism 242. The switch mechanism 242, 
for example, may include an internal spring mechanism 
that must be overcome by pressure exerted by the ad 
vance lever 240 to cause the normally open switch 
mechanism to close and- actuate the load circuit to 
which the switch mechanism may be connected. 
The timing variation 238 may be a pin, as indicated 

above, that may be caused to move downwardly upon 
energization of the load circuit at dusk when not sup 
ported by the selector plate 222. It should be noted that 
the selector plate has an arcuate cutaway portion de?n 
ing shoulders 246 and 248 and de?ning an are that rep 
resents a predetermined period of time which period 
may be employed for seasonal control purposes. For 
example, the period of time represented by the arc be 
tween shoulders 246 and 248 may, if desired, represent 
a sixteen hour period measured from dawn. If seasonal 
lighting conditions cause dusk to occur before termina 
tion of the sixteen hour period, the mechanism is 
adapted to deenergize the load circuit after passage of 
a predetermined period of time measured after the oc 
currence of dawn. If seasonal atmospheric lighting con 
ditions cause dusk to occur after passage of a 16 hour 
period of time then the mechanism is adapted to deen 
ergize the load circuit after passage of a second se 
lected period of time also measured from the occur 
rence of dawn. It is therefore seen that the present in 
vention contemplates deenergization of the load circuit 
after passage of periods of time measured from the oc 
currence of dawn which periods may be variable de 
pending upon the length of daylight hours determined 
by seasonal atmospheric lighting conditions. 
A second actuating device 250 may be ?xed relative 

to the rotary plate 226 and may be employed to create 
mechanical pressure locking the ?rst and second ad 
vance levers in substantially immovable relation during 
the remainder of any particular timing sequence. The 
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locking pin or locking mechanism 250 may, for exam 
ple, be actuated by a bimetal element in response to 
heat created by a resistance winding that is energized 
simultaneously with energization of the load circuit. 
Any other suitable mechanism such as a solenoid actu 
ated locking device, for example, may be employed for 
temporarily securing the advance levers 230 and 240 in 
immovable relation. 
After any timing sequence has been completed and 

the load circuit has been deenergized, the various mov~ 
able parts of the timing mechanism may be returned to 
the neutral position illustrated in FIG. 14. Spring de 
vices, or any other suitable mechanism, may be em 
ployed to return the movable parts of the timing mech 
anism to the neutral position without departing from 
the spirit and scope of the present invention. 
Assuming the timing sequence to be started by a 

morning atmospheric lighting condition, referred to as 
dawn, and as described above in regard to FIGS. 1 and 
2, the switch mechanism 242 will be disposed in its nor 
mally open position thereby maintaining the load cir 
cuit in a deenergized condition. Assuming the load cir 
cuit to be an electrical lighting system for streets, park 
ing lots or the like, the lighting system will be off during 
the daylight hours. 
With reference now to FIG. 15, the timing mecha~ 

nism is illustrated in a position that it may take at the 
occurrence of dusk. The rotary plate 226 will have ro 
tated the advance lever 230 from the FIG. 14 position 
to the FIG. '15 position thereof. At the occurrence of 
dusk, the timing mechanism will actuate the locking 
mechanism 250 thereby causing the advance levers 230 
and 240 to become secured in relatively immovable re 
lation. After the advance lever 240 has become tempo 
rarily locked in assembly with the rotary plate 226, 
continued rotation of the rotary plate by the drive 
motor of the timing mechanism will cause rotation of 
the advance lever 240, thereby applying suf?cient pres 
sure on the switch mechanism 242 to move it from its 
normally open position to the closed position, thereby 
energizing the load circuit. The lighting circuit is there 
fore energized or turned on at dusk and the timing se 
quence continues from its initiation at dawn. If desired, 
the lighting sequence may be initiated at dusk but the 
timing mechanism may delay energization of the light 
ing circuit until a condition of substantial darkness ex 
ists thereby conserving electrical power. 
As shown in FIGS. 15 and 16, dusk occurs before ex 

piration of the sixteen hour period prescribed by the 
arcuate cutaway portion de?ned between shoulders 
246 and 248 on the selector plate 222. The same mech 
anism which achieves movement of locking mechanism 
250 may also preset the timing variation mechanism 
238 to a position controlling the total length of the tim 
ing cycle. Described in its simplest terms for purposes 
of understanding, the timing variation mechanism may 
move downwardly since no support is provided by the 
selector plate 222, thereby causing the timing variation 
device to pass underneath the selector plate 222 to pre 
vent engagement between the timing variation device 
and the spring 236 of the switch arm 232. Since the 
spring 236 is not contacted by the timing variation 
mechanism, the switch arm 232 will remain in the posi 
tion illustrated in FIG. 16 until it is contacted by the ad 
vance lever 230, which causes opening of the normally 
closed switch mechanism 234 and thereby deenergizes 
the load circuit or turns the lighting system off. 
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It is therefore apparent that during Winter lighting 

conditions, when days are relatively short and dusk oc 
curs quite early, the shutoff period for the lighting sys 
tem or control circuit will occur at or near a prese 

lected cutoff time such as midnight, for example. 
Referring now to FIGS. 17 and 18, it may be ob 

served that dusk occurs after expiration of the sixteen 
hour period initiated by the occurrence of dawn. The 
timing sequence will again be initiated with all movable 
parts thereof in the position illustrated in FIG. 14, with 
the timing sequence being again initiated by the occur 
rence of dawn. As illustrated in FIG. 17, the timing se 
quence has continued rotation of the rotary plate 226 
sufficiently to move the advance lever 230, the timing 
variation mechanism 238 and the position locking 
mechanism 250 past the shoulder 248 of the selector 
plate 222. At dusk, the load circuit is energized, turning 
the lighting system on and actuating the position lock 
ing mechanism 250 and the timing variation mecha 
nism 238. The position locking mechanism will func 
tion to lock advance arm 240 in ?xed relation with the 
rotary plate 226, thereby causing the advance lever 240 
to be moved into actuating engagement with switch 
mechanism 242 and thereby closing the normally open 
switch which energizes the load circuit. 
The timing variation mechanism will be positioned 

above the selector plate 222 upon energization of the 
load circuit, thereby preventing the timing variation 
mechanism from moving away from a position causing 
engagement with the spring 236 of switch arm 232. As 
the timing sequence continues, the timing variation 
mechanism 238 will move into engagement with the 
spring 236 and will urge the switch arm 232 to move 
clockwise about its pivot point 228 toward the positive 
stop 224. The spring 236 will prevent the advance lever 
230 from contacting the switch mechanism 234 until 
the switch arm 232 has been rotated to a position con 
tacting the permanent stop 224, as shown in FIG. 18. 
After the switch arm 232 has contacted stop 224, con 
tinued rotation of the rotary plate 226 by the timing 
mechanism, will cause the force of spring 236 to be 
overcome, thereby allowing advance lever 230 to en 
gage the switch mechanism 234 causing opening of the 
normally closed switch which deenergizes the load cir 
cuit and simultaneously resets the circuit mechanism in 
condition for energization at dawn. Upon the occur 
rence of dawn, the photoelectric cell 56 illustrated in 
FIG. 5 will cause resetting of the mechanical parts of 
the timing mechanism to the start position and simulta 
neously will initiate operation of a timing sequence by 
starting the clock motor 22. 
The timing sequence is therefore initiated at dawn 

each day and continues until expiration of a predeter 
mined period that might be varied by the length of day 
light hours occurring in relation to a predetermined 
portion of the timing sequence such as the 16 hour tim 
ing variation control period. The load circuit will be en 
ergized at dusk responsive to photoelectric cell circuit 
and is deenergized after expiration of a predetermined 
period of time measured from initiation of a timing se 
quence at dawn. The timing mechanism is reset at the 
termination of the timing sequence. Although a single 
variation of the timing sequence is identi?ed by the re 
lationships between a predetermined portion of the 
timing sequence, i.e., the 16 hour variation control pe 
riod, it is obvious that further variations in the control 
sequence may be provided in similar manner, thereby 
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allowing deenergization of the load circuit to occur at 
or quite near a preselected time each night without ne 
cessitating the provision of a clock actuating device 
that must be synchronized with the time of day. 
As indicated above it may be desirable that the cir~ 

cuit timing mechanism be capable of compensating for 
difference in the length of periods of daylight and dark 
ness during the year in order to achieve cutoff of the 
electrical load circuit at approximately the same pre 
selected time during each night. An alternative mecha 
nism for achieving compensated timing may conve 
niently take the form illustrated in FIGS. 19 and 20 
where in FIG. 19 there is diagrammatically illustrated 
a plan view of a base plate 260 that may be rotated 
about an axis 262 along with a rotatable cam element 
276. The plate 260 may be provided with an arcuate 
rack element 264 having a plurality of teeth or reten 
tion that are disposed for engagement by a bimetallic 
arm 266 that may be connected to the plate 260 at the 
pivot 262. The arm 266 is provided with a variable 
curved portion 261 that causes movement of the arm 
266 through an arc de?ned by rack 264 upon being 
heated by a resistance winding in response to position 
ing of a second bimetallic arm carried by the cam ele 
ment and being disposed in contact with an arcuate re 
sistance element 270. The bi-metallic arm 266 may 
carry a switch element 272 at the free extremity thereof 
which may be disposed for engagement with the switch 
actuating arm 274 carried by a cam element 276 shown 
in FIG. 20. 

In FIG. 20 there is shown the bottom view of a cam 
element 276 that may be superposed above the base 
plate 260 and may be retained in assembly therewith. 
The cam element 276 may include a low temperature 
clutch 278 composed of an alloy having a relatively low 
melting point. A bimetallic contact arm 280 may be 
provided with a resistance winding 282 serving to heat 
the bimetallic arm and to position the contact 28] 
thereof relative to the arcuate resistance element of the 
control mechanism. Heating of the resistance winding 
282 may be controlled by energization of a photoelec 
tric cell circuit such as the reset circuit illustrated in 
FIG. 5. It is evident that the ?xed resistance of the resis 
tance winding 268 will be connected in series with a 
variable resistance determined by engagement between 
the resistance strip 270 and the contact 281 as the arm 
280 is heated by the resistance winding 282. Heating of 
the bimetallic switch arm 266 is therefore variable in 
response to positioning of the bimetallic arm relative to 
the variable resistance 270. 
The rotatable cam 276 and the base plate 260 are 

adapted to be disposed and superposed relation with 
cam plate 276 being located above the plate 260. The 
clutch 278 serves to position the plates 260 and 276 
one relative to the other for the purpose of controlling 
cutoff time of a load circuit to which the time delay 
mechanism may be connected. The two plates are so 
related that the bimetallic contact arm 280 is disposed 
with its contact 281 located engagement with the con 
ductive arc of resistance material 270 upon heating of 
the arm 280 by the resistance winding 282. When the 
circuitry of the timing mechanism is energized by the 
photoelectric cell 54 in response to the occurrence of 
dusk the resistance winding 268 will heat the bimetallic 
strip 266 for a limited period of time required to cause 
the bimetallic strip to rotate the switch to some particu 
lar step on the arcuate rack 264. The position the arm 
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266 will take relative to the arcuate rack 264 will be de 
termined by the variable resistance that will be deter 
mined by the series connection between the ?xed and 
variable resistance elements 268 and 270, respectively. 

After limited heating of the bimetallic switch arm 
280 the heating circuit will be automatically de 
energized and the rack 264 will retain the switch ac 
tauting arm 266 in the particular position it assumed 
upon being heated. A switch actuating arm, such as il 
lustrated in 230 in FIGS. 14-18, may then be rotated 
by the timing mechanism suf?ciently to contact the 
switch 272 thereby de-energizing the load circuit. 
The operative parts of the time delay mechanism may 

be allowed to remain in the position assumed during a 
previous timing sequence until the following morning 
when the reset mechanism functions in response to the 
photoelectric circuit 56 at which time the switch arm 
266 will be returned to a starting position and will then 
remain in the starting position until the occurrence of 
dusk, at which time it will be again set to some prede 
termined position relative to the arcuate rack to cause 
a predetermined delay in the cutoff time of the timing 
mechanism. It can therefore be readily understood that 
the length of movement of the bimetallic arm 266 bear 
ing the switch 272 will be relatively small when the time 
period from dawn to dusk is at a minimum, for example 
15 hours of daylight, because the full length of the arc 
of the printed resistance 270 will be disposed in series 
with the actuating resistance 268. On the other hand 
should dusk occur after a longer period of time, for ex 
ample 17 or 18 hours of daylight, there will be less of 
the arcuate resistance in series with the ?xed resistor 
provided for actuation of the switch arm and therefore 
the bimetallic arm will be heated in such manner as to 
move it a greater degree relative to the rack 264. 
Longer periods of daylight therefore automatically 
delay cut-off of the load circuit in order to provide cut 
off at approximately the same time each night. 
Although the structure in FIGS. 19 and 20 generally 

teach the use of a rheostat or varying resistor in series 
with a ?xed resistor to heat a bimetal element and 
thereby achieve controlled movement of the bimetal 
element for time delay purposes, it is not intended that 
the present invention be limited to thermally controlled 
time delay circuits of the nature illustrated in FIGS. 19 
and 20. Magnetically actuated switches may be em 
ployed, for example, to cause selective time delay in 
such manner to achieve cutoff of a load circuit a prede 
termined time each night. 

It would be desirable to provide a load circuit timing 
control system that would be adapted to various volt 
age conditions that might be found where the load cir 
cuit is being installed. As illustrated in FIG. 21, one ac 
ceptable multiple voltage circuit is illustrated schemati 
cally, which may include a varistor 290 that may be 
connected in parallel with a typical photocell actuated 
light responsive circuit illustrated generally at 292. 
Fuses 294 and 296 may be connected in parallel with 
?xed resistors 298 and 300 respectively to establish op 
erative resistance of the controlled circuitry. Current 
utilized by the control circuit will ?ow through the va 
ristor 290 in parallel with 292, and will bypass the resis 
tance elements 298 and 300 by ?owing through the 
fuses 294 and 296. In the event the voltage current 
across fuses 294 and 296 is excessive, one or both of 
the fuses will rupture thereby automatically placing one 
or both of the resistances 298 and 300 in series connec 



3,789,220 
19 

tion with the varistor and light responsive circuit in par 
allel. It is evident, therefore, that a low voltage condi 
tion will not rupture either of the fuses 294 and 296 and 
the resistances 298 and 300 will be bypassed. If the cir 
cuitry should be installed under conditions where the 
voltage might be excessive one or both of the fuses will 
rupture and the total resistive value of the circuitry will 
be modi?ed ‘automatically to withstand the voltage to 
which the load circuit might be subjected. 
Referring now to FIG‘. 22, the circuitry of FIG. 1 may 

conveniently take the form of a multiple voltage mod 
ule having wafer-like resistors that may be disposed in 
stacked relation with a varistor and with fuses function 
ing essentially as illustrated in FIG. 21. A plurality of 
metal plates 302 may be interposed between the resis 
tors and the varistor of the multiple voltage module and 
may be provided with connecting tabs 303 to which the 
various fuses 294 and 296 may be connected. Each of 
the resistors and the varistor may be provided with met 
alized surfaces 305 that are disposed for engagement 
by the plates‘ 302. A header element 304 may be pro 
vided with a plurality of connectors 306 to which'the 
various conductors of the multiple voltage module may 
be connected. I have therefore provided a multiple 
voltage module constructed in accordance with the 
schematic circuit illustrated in FIG. 21 that is readily 
adapted for typical voltage conditions that might be 
found at any particular load circuit installation. It will 
not be necessary, therefore, to provide timing sequence 
control circuits that are speci?cally designed for partic 
ular voltages that might be encountered because the 
multiple voltage module effectively adapts the circuitry 
for effective performance under different voltage con 
ditions. 
As indicated above, when high voltage conditions are 

encountered, typical resistance windings may not be 
capable of functioning because the windings are gener 
ally of delicate construction. Moreover, it may be nec 
essary or desirable to provide multiple contacts for si 
multaneous circuit actuation. Accordingly, a tempera 
ture responsive mechanism for opening and closing 
multiple contacts of a load circuit may conveniently 
take the form illustrated in FIGS. 23, 24 and 25 where 
a bimetal element 320 is shown to be provided with a 
heat responsive movable arm 322 carrying a pair of 
contacts 324 that are electrically insulated from the 
arm by an insulator 326. The contacts 324 and 326 may 
be energized by ?exible conductive braid 328 and 330 
that is looped as best illustrated in FIG. 25 to prevent 
the weight of the braid from interfering with free move 
ment of the switch actuating arm 322. 
The bimetallic element 320 may be provided with a 

connector portion 332 provided with an aperture 334 
through which may be received a screw or other con 
nector device that may function essentially as disclosed 
in FIGS. 9 and 10 to fix the bimetallic element relative 
to other structure. Likewise as illustrated in FIGS. 9 
and 10, the bimetallic element may be heated by a re 
sistance element that may take the form of a circular 
resistor such as shown at 162. 
As mentioned above, the structure shown in FIGS. 9 

and 10 may be modi?ed to eliminate the heat 
conductive plate 166. A preferred embodiment of the 
invention without such plate is shown in FIGS. 26 and 
27. 

In FIG. 26 the bimetallic element 144 is of the same 
con?guration shown in FIG. 10. The resistor 162 may 
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be of the positive temperature coefficient (PTC) type, 
so as to provide a current-limiting function as the tem 
perature of the resistor 162 and of the bimetallic ele 
ment 144 increases. The resistor 162 is coated or 
sprayed on its upper and lower surfaces with an electri 
cally conductive material, such as silver, to assure good 
contact between the resistor 162, the bimetallic ele 
ment 144, and a spring element 401, described below. 

In the lembodment of FIG. 26, the bimetallic ele 
ment 144 is fastened to the plastic housing 150 by 
means of conductive screw 152 and hex nut 404, to 
which lead 156 is electrically connected by means of 
any suitable lead connector (not shown). It should be 
understood that the lead connector and hex nut 404 
may be recessed in the bottom wall of the housing 150. 
Contacts 148 and 160 may have flat contacting sur 

faces as shown in FIG. 26, but I have found that it is ad 
vantageous in such a structure to round the contacting 
surfaces, making each such surface somewhat convex. 
This helps to assure reliable functioning in the assembly 
here being described. Contact 160 is connected to a 
conductive rivet shank 405 for fastening in the housing 
150 as shown in FIG. 26. Here too it should be under 
stood that the rivet end may be recessed in the housing 
150, and that lead 158 is electrically connected to the 
rivet 405 by means of any suitable lead connector (not 
shown). 

In slidable relationship with the top surface of the re 
sistor 162 is an electrically conductive spring element 
401, having the shape shown in FIGS. 26 and 27. The 
bifurcated end of spring element 401 permits easy, slid~ 
ing assembly of the entire structure, in the following 
manner. A tapered Teflon button 403 is initially seated 
in the resistor 162, before assembly. The button 403 
serves to restrain the resistor against moving off the bi 
metallic element 144, and it also assures good contact 
between the bifurcated ends of spring element 401 and 
the silvered top surface of the resistor 162. From FIG. 
28 it will be seen that the Te?on button 403 has a ta 
pered portion 413, and a body portion 414 with 
rounded corners 415. The body 414 thus sits loosely in 
resistor 162 (FIG. 26), and the rounded surfaces pro 
vide a ball-joint-like action as the switch opens and 
closes. 
As seen in FIGS. 26 and 27, the conductive spring el 

ement 401 has a curved portion 407 providing the 
spring action, biasing the resistor 162 downward, and 
a straight portion 408. The straight portion 408 con 
tains a hole 406, through which a conductive rivet 402 
is passed, to secure the spring element 401 to the hous 
ing 150 and to provide an electrical connection for lead 
409 to the photocell circuit 410, which operates as de 
scribed above with regard to FIGS. 9 and 10. 
For higher-load applications, the braid and contact 

arrangement shown in FIGS. 23-25 and described 
above, may be similarly employed in the structure of 
FIG. 26. 

In view of the foregoing, it is apparent that I have 
provided a novel timing sequence control mechanism 
for load circuits, such as electric ?ood-lighting circuits 
and the like that utilizes a timing sequence initiated by 
a predetermined condition of morning atmospheric 
light such as dawn, for example, that effectively com 
pensates for seasonal differences in the length of day 
light and achieves deenergization of the load circuit at 
approximately the same time each night. The timing se 
quence control mechanism of my invention effectively 
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utilizes simple photoelectric control circuits to achieve 
initiation of the timing sequence and to achieve energi 
zation of the load circuit in response to predetermined 
decrease in evening atmospheric light. 

I have also provided a novel timing sequence control 
mechanism capable of providing a timing sequence ini 
tiated by a predetermined degree of morning atmo 
spheric light, which sequence may be varied by the rel 
ative length of daylight hours during particular seasons 
of the year or which may conveniently be varied by var 
iations in ambient temperature occurring due to sea 
sonal changes. 

In response to changes in internal resistance of a pho 
toelectric cell a resistance is heated by current ?owing 
through the circuit of a photoelectric cell and through 
a resistance winding connected in series therewith 
which heats a bimetallic element and causes opening 
and closing movement of contacts through which the 
load circuit is completed. My invention effectively pro 
vided novel bimetallic elements that compensate for 
changes in ambient temperature and achieve actuation 
of the load circuit that is unaffected by changes in am 
bient temperature. Moreover, the novel construction of 
the bimetallic contact actuation elements of my inven 
tion is such that substantially linear contact movement 
caused during heating and cooling of the bimetallic ele 
ments results in substantially linear movement of the 
contacts and maintains accurate alignment of the 
contacts in the closed position to prevent arcing that 
might otherwise cause burning of the contacts. My in 
vention is also effective to cause snap actuation of the 
contacts both to the open and closed positions, thereby 
preventing chattering of the contacts which otherwise 
might occur and might cause burning of the contacts by 
arcing. 
For applications of the apparatus of FIGS. 26-28 

wherein it is desired that the contacts be normally open 
rather than normally closed, it will be appreciated that, 
by rearranging the components such that the contacts 
148 and 160 are on the opposite side of the bimetal arm 
146, normally open operation may be attained. 

It is therefore seen that this invention is one well 
adapted to attain all of the objects and advantages 
hereinabove set forth together with other advantages 
which will become obvious and inherent from a de 
scription of the apparatus itself. It will be understood 
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that certain combinations and subcombinations are of 
utility and may be employed without reference to other 
features and subcombinations. This is contemplated by 
and is within the scope of the present invention. 
As many possible embodiments may be made of this 

invention without departing from the spirit or scope 
thereof, it is to be understood that all matters, herein 
above set forth or shown in the accompanying draw 
ings, are to be interpreted as illustrative and not in any 
limiting sense. 

I claim: 
1. A light responsive electrical contact actuating de 

vice, comprising: 
a. A supporting housing; 
b. a heat-responsive plate-like bimetallic element 
carried by the housing, said element including a 
temperature-movable cutaway blade portion and a 
?rst electrical contact carried by the blade portion; 

c. a resistor, having ?at top and bottom surfaces, 
mounted on said bimetallic element and movable 
with the blade portion thereof; 

d. an electrically conductive spring fastened to the 
supporting housing and in spring-biasing, slidable 
electrical contact with said resistor; 

e. a second electrical contact, ?xedly connected to 
the housing; and 

f. a photoelectric cell connected in series with said 
resistor and controlling current therethrough in re 
sponse to conditions of light and darkness. 

2. The device of claim 1: 
a. Wherein said contact means comprises a plurality 
of electrical contacts insulated from and carried by 
said arm and adapted for contacting engagement 
with a plurality of associated contact elements; and 

b. further comprising ?exible insulated electrical 
braid connected to said electrical contacts and sup 
plying current thereto, said electrical braid being 
looped to allow unrestricted movement of said arm 
of said bimetallic element. 

3. The device of claim 1: 
a. Wherein said spring has a bifurcated end; and 
b. further comprising a tapered low-friction button, 
a portion of the button being seated in the resistor 
and a portion thereof being engaged between the 
bifurcations of the bifurcated end of the spring. 

* * * * * 


