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The invention relates to motor operated auto 
matic regulators, and while not limited thereto 
it is particularly adapted to regulators for illu 
minating Systems wherein the light output of 
electric lamps is to be regulated in accordance 
with the illumination of a surface, which is sub 
jected to illumination by a second light source 
of varying intensity. An object of the invention is to provide a sys 
tem of the aforementioned type which maintains 
the illumination of a surface at a given level, if 
the illumination by a second light source alone 
is below said level. Another object is to provide a regulator for 
an artificial light Source which will control the 
intensity of Said Source So as to maintain the illu 
mination of a Surface, which is simultaneously 
illuminated by another variable light source, at 
a given minimum level, unless the intensity of 
said other Source alone results in a higher level 
of illumination than said minimum. 
Another and more specific object is to provide 

an illumination control system for a classroom, 
auditorium, or the like, wherein a variable de 
gree of natural light (such as daylight) is uti 
lized to effect illumination thereof.--Such System 
affording control of an artificial source of light 
in such a manner as to insure maintenance of 
a predetermined degree of illumination in the 
event that the illumination afforded by the Source 
of natural light falls below said predetermined 
degree or value. Another object is to provide a regulator for an 
artificial light source which responds to the total 
illumination of a surface and controls said light 
Source to prevent the total illumination from 
falling below a given level. Another object is to provide a motor operated 
regulator of the aforementioned type which is 
quick and accurate in its response. 
Another object is to provide a regulator of the 

aforementioned type in which the energy sup 
plied to an artificial light source is controlled by 
an Operating mechanism which includes a revers 
ible alternating current driving motor. 
Another object of the invention is to provide 

a reversible controller for an illumination con 
trol System, which is suick and accurate in its 
response to a suitable controlling influence. 
Other objects and advantages will hereinafter 

appear. The accompanying drawing illustrates sche 
matically and diagrammatically a system of illu 
mination embodying the invention, which will now 
be described. In the System a bank of electric lamps may 
be supplied with current from the alternating 
current bus bars 2 and 3 of an alternating cur 
rent source of Supply. A variable voltage auto 
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minals across the bus bars 2 and 3. It is pro 
vided with a sliding brush 5 by means of which 
its output voltage may be varied in a known 
manner. The brush S is conductively connected 
to a bus bar 6, which is connected to one termi 
nal of the lamps , while their other terminal is 
Connected to the bus bar 3. The brush 5 is 
also rigidly mechanically connected with but in 
sulated from a nut 7 which engages a threaded 
shaft 8 which in turn is connected to the arma 
ture of a reversible motor 9, so that upon rota 
tion. Of the motor in One direction. Or the other, 
the nut and with it the brush 5 are moved in one 
direction or the other to vary the voltage im 
pressed on the lamps . 
The motor 9 has a common terminal 9, which 

is connected to the bus bar 3, and with revers 
ing windings 9 and 9, which latter are provided 
with reversing terminals 9d and 9, respectively. 
The motor 9 is controlled by a center-biased 

relay 0, comprising a lever , which is pivoted 
at its Center to provide for Oscillatory movement 
thereof and which has attached to its ends the 
magnetic cores 2 and 3, respectively. The 
cores 2 and 3 cooperate with energizing coils 
4 and 5, respectively, which are connected in 

Series across the bus bars 6 and 7 of a direct 
Current Source of power Supply, and said coils 
are so wound that normally their pulls balance, 
So that the lever if remains in its central or neu 
tral position. Attached to the lever and oscil 
latable therewith is a contact arm 8, which is 
connected to one of the bus bars, 2, of the alter nating current supply through an impedance 26, 
connected in parallel with a condenser 27. A 
stud or bolt 8 is fastened at its center to the 
arm B and is provided at both of its transversely 
projecting ends with heads or nuts, as shown, 
which serve as abutments to limit the degrees of 
Outward movement of a pair of contact fingers 
8° relatively to the arm 8. Springs 8b, sur 
rounding the ends of stud 8 are interposed be 
tween the fingers 8 and the arm 8 and nor 
mally bias the fingers 8 into contact with sta 
tionary contacts 9 and 20, respectively. When 
the lever and arm 8 are oscillated from the 
center position to one side or the other, the cir. 
cuit between one of the fingers 8c and the 
respective contact 9 or 20 is interrupted. The 
contact 9 is connected to the motor terminal 
9 and the contact 20 is connected to the motor 
terminal 9d. The coil 4 is shunted by an adjustable resistor 
2 by means of which the pull of the two coils 4 
and 15 can be balanced. The System further includes an electron tube 
22, having a cathode 22, an anode 22b and a 
control grid 22. The anode 22b is connected to 
the point a between the coils 4 and 15, and the 

transformer 4 is connected with its input ter- 60 cathode 22a is connected to an adjustable Output 
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contact 23 of a potentiometer rheostat 23, which 
is connected across the bus bars 6 and . 
A photo-electric cell 26 which responds to the 

intensity of the illumination to be controlled is 
connected in series with a resistor 25 across the 
bus bars 6 and , and the common terminal of 
the cell 24 and the resistor 25 is connected to the grid 22. 
The system described Operates as follows: if, 

with the parts in the respective positions thereof 
shown in the drawing, the illumination is of the 
desired, or at least of a predetermined minimum, intensity, the voltage of the lamps is deter 
mined by the position of the brush 5. The Volt 
age of the grid 220 is such, that the current flow 
ing through tube 22 is of such a value, that the 
pull of the coils 6 and d5 balance, and the relay 66 is in its center position. 

if now the degree of illumination to which the 
cell 24 is subjected decreases, its resistance in 
creases and the potential of the grid 22. With rea 
spect to the cathode 22a becomes more negative. 
As a result the current flowing through the tube 
22, which also flows through coil 5, decreases 
and this decreases the total current in the latter, 
while the current through coil ( increases, due 
to the increase of its terminal Voltage. This de 
creases the pull of coil 6 and increases that of 
coil 84 and effects rotation of the relay ever 8 
in a counterclockwise direction to open the circuit 
at 8, 88 for the Winding 9, and maintains the 
single circuit for Winding 9 from bus bar 2 
through impedance 26 and condenser 2, over 
arm 3, one of the fingers 3, contact 26, through 
winding 9b and the armature of motor 9, to ous 
bar 3. The motor is thereby caused to rotate in 8, 
direction to move the nuti and brush 5 upwardly, 
to increase the voltage impressed on the lamps 
which increases their intensity, and thus he 
total illumination of the cell 26. As the illuni 
nation of cell 24 again becomes normal, the go 
tential of the grid 22 again becomes northa. 
This rebalances the relay a 9, and the motor wind 
ings 3b and 90 are again connected in parallel 
through the in pedance 26 and condenser 2 to 
bus bar 3. The opposing torques of the windings 
3b and 90 afford a strong braking effect which 

... causes the notor to stop quickly with the brush 5 
at a, point such that the intensity of the lamps 
corresponds to the desired level of illumination 
of the lighted Suface. if the total illumination 
increases, the Syster functions in the opposite 
sense, in a manner which Will be obvious from the foregoing explanation. 

it will be observed that, the notor windings 9b 
and 30 are normally connected in parallel with 
each other agrough the contacts 29 and 39 of the 
relay (), and are corrected in series with the ina 
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pedance 26, garallelled by the condenser 2 to 
the line 2-twine elay 3 is in balanced condis 
tion, and when Alt is in a position between its 
arespective extrexine positions. This affords a very 
strong braking current Which flows through the 
imotor Windings as long as the Zelay is in its 
alanced os center position. As a result, as soon 

as the contacts 83, 3 simultaneously engage the 
stationary contacts 69 and 28, the Yinotor is 
orought to a quick stop, and hunting thereof is 
preveated. Sy poperly proportioning the ine 
padiance 26 agad the condenser 2, the ioraling 
clien, which COAnaously flows through the 
incto 9 when the same is standing still may ke 
preselected, and Rae tanning current of the Yanos 
to and its Kishing Oque may be similarly pree &se&enied. 
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It will be apparent that the impedance 26 may 

be either an ohmic resistance, or an inductance 
or a combination of both. Tt will also be appar 
ent that the impedance 28 may be entirely omit 
ted, or, if desired, the condenser 2 may be omit 
ted, and the notor fed through the impedance 26 alone. - 

he adjustment of the contact 23a varies the 
potential of the cathode 22 with respect to that 
of the anode 22 and that of the grid 22e and 
thus permits the selection of the illumination of 
the cell 23 at which the relay do is balanced. 

In practice We prefer to provide a pair of limit 
Switches 28 and 29 which are spring-biased to 
their closed positions respectively, and are adapt 
ed to be opened selectively by a double-ended ex 
tension on nut When the latter is moved to 
& position corresponding respectively to maxi 
nam or minimum intensity of illumination of lamp or lamps 8. 
By this arrangement, it will be apparent to 

those skilled in the art that when the degree of 
natural light is above the predetermined mini 
nun the nut will have moved downwardly to 
its lower extreme position. With a resultant reduc 
tion to 22ro of the intensity of illumination af 
forded by lamps -the limit switch 29 being si 
rultaneously opened to interrupt the circuit of 
winding 9 (the winding $, as aforestated, being 
likewise interrupted under such a condition by 
the action of relay 8 in disengaging the right 
hand relay contact 8° from stationary contact 
26). Similarly, when nut is moved to its upper 
extreme position to provide full brilliancy of 
lamps , limit switch 23 is opened automatically 
to interrupt the only live circuit (through wind 
ing 9) of motor Q-the circuit through winding 
9 having been previously interrupted by disen 
gagement of left-hand contact 80 from station 
alry contact 9. Accordingly when no further 
change is required or is possible in the intensity 
of illumination of lanps & no electric current is 
used, or Wasted, by notor 9 pending a reverse op 
eration of relay (; but the parts are then preset 
to automatically perform the reverse funitions When the Occasion arises. 

a practice the number and illuminating 
90wer of lamps 8 are preferably such that full 
brilliancy thereof is seldom or never required, 
even is a the absence of natural light or any other 
Source of light of Variable value. Therefore, the 
limit Switch 23 night be omitted, except for its 
Value iron a precautionary or safety viewpoint. 
Whe limit switch 29 has been opened it is 

to be understood that upon rebalancing of relay 
8 he circuit of Winding 9b will be completed 
but coinpletio of such circuit will only be tem 
Oasily effective to cause upward movement of 
a; -the winding 9 being iikewise energized 

to cause stopping of Inotor 9 and nut 2 as soon 
2S in it switch 29 has been reclosed; unless in 
the Saeantine the Selay G8 has become unbal 
anced in One disection OF the other, with obvious results. 

8 the Surface illuminated by the lamps is 
simultaneously illinicated by another source of 
light, such as daylight, the cell 26 effects inten 
sity control of the lamps S so as to insure a total 
Vale of illu Raination which is not less has a 
desired or predetermined minimum. in this 
c2Se he illumination intensity of the lamps may 
be YaSied automatically from maximum bril 
fiancy to 2ero, dependent, pon the amount of 
daylight available, and the intensity of Sugai 
3etion C3 the A33A25 renais a zero Weitze as 
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long as the daylight produces at least the desired 
minimum illumination. 
We claim: 1. A control system for controlling the light 

Output of an electric lamp to maintain the illu 
mination of a surface illuminated thereby and 
by an uncontrolled light source jointly at a de 
gree of illumination above a given minimum, 
comprising, in combination, an electric lamp, a 
circuit therefor, a photo-electric cell having a 
characteristic responsive to the degree of the 
total illumination of said surface, an electron 
tube connected to a source of energy, adjustable 
means to effect response of said electron tube to 
the operation of said photo-electric cell, a relay 
responsive to the current of said tube, an alter 
nating current motor having a pair of reversing 
windings normally connected by said relay in 
parallel with each other and in series with an 
impedance across an alternating current source 
for stopping said motor, said relay upon response 
operating to disconnect one of said reversing 
Windings from circuit to cause Said motor to ro 
tate in opposite directions Selectively, and a reg 
ulator operable by said motor and adapted to 
vary the voltage impressed upon the circuit of 
said electric lamp. 2. A control system for controlling the light 
output of an electric lamp to maintain the illu 
mination of a surface illuminated thereby and by 
an uncontrolled light source jointly at a degree 
of illumination above a given minimum, com 
prising, in combination, an electric lamp, a cir 
cuit therefor, a photo-electric cell having a 
characteristic responsive to the degree of the 
total illumination of said surface, an electron 
tube connected to a source of energy, adjustable 
means to effect response of said electron tube to 
the operation of said photo-electric cell, a re 
versing relay responsive to the current of said 
tube and provided with a pair of contacts nor 
mally connected by said relay in parallel with 
each other, an alternating current motor having 
a pair of reversing windings, each connected to 
one of said contacts, an impedance connected in 
series with said windings across a supply of 
alternating current, said relay being adapted, 
upon response thereof, to disconnect one of said 
reversing windings from circuit to cause said 
motor to rotate in opposite directions Selectively, 
and a regulator operable by said motor and 
adapted to vary the voltage impressed upon the 
circuit of said electric lamp. 3. A control system for controlling the light 
output of a group of electric lamps to maintain 
the illumination of a surface illuminated thereby 
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voltage impressed upon the circuit of said elec 
tric lamps. 4. A control system for controlling the light 
output of a group of electric lamps to maintain 
the illumination of a surface illuminated there 
by and by an uncontrolled light source jointly 
at a degree of illumination above a given mini 
num, comprising, in combihation, a group of 
electric lamps, a circuit therefor, a pair of direct 
Current terminals, a photo-electric cell, a resist 
ance connected in series with said photo-electric 
cell across said terminals, a thermionic tube 
having a cathode, an anode and a grid, means 
to impress upon said grid a voltage of said cel, 
means to connect said cathode and anode across 
said terminals and to impress a variable poten 
tial upon said cathode, an electromagnetic relay 
provided with two opposing windings connected 
to said terminals, means to impress a potential 
varying with the voltage between said cathode 
and anode upon one of said windings, a regu 
lator operable by said motor and adapted to vary 
the voltage impressed upon the circuit of said 
electric lamps, said relay being also provided 
with a pair of contacts normally connected to 
gether, an alternating current motor having a 
pair of reversing windings each connected to 
One of said contacts of said relay, and in im 
pedance connected in series with said windings, 
said relay being adapted upon response to dis 
connect one or the other of said reversing wind 
ings from circuit to cause said motor to rotate 
in opposite directions selectively. 5. A control System for a reversing alternating 
current single-phase motor having a pair of re 
versing windings, comprising, a condenser, 
means Operable automatically to connect one or 
the other of said windings in series with said con 
denser across an alternating current supply cir 
cuit for rotation of said motor in opposite direc 
tions Selectively, and said means being also op 
erable automatically to connect the two windings 
in parallel with each other and in series with 
said condenser across said alternating current 

(source to effect stopping of the motor. 

and by an uncontrolled light source jointly at a 
degree of illumination above a given minimum, 
comprising, in combination, a group of electric 
lamps, a circuit therefor, a pair of direct current 
terminals, a photo-electric cell, a resistance con 
nected in series with said photo-electric cell 
across said terminals, a thermionic tube having 
a cathode, an anode and a grid, means to in 
press upon said grid a voltage of said cell, means 
to connect said cathode and anode across said 
terminals and to impress a variable potential 
upon said cathode, an electromagnetic relay pro 
vided with two opposing windings connected to 
said terminals, means to impress a potential 
varying with the voltage between said cathode and 
anode upon one of said windings, a reversible 
motor controlled by said relay, and a regulator 

70 

6. A control system for a reversing alternating 
current single-phase motor having a pair of re 
versing windings, an impedance comprising an 
inductance and a parallel condenser, means ar 
ranged to connect one or the other of said wind 
ings in Series with said impedance across an 
alternating current supply circuit for rotation of 
said motor in opposite directions selectively, and 
to connect the two windings in parallel with each 
other and in series with said impedance across 
said alternating current source to effect stopping 
of the motor. 7. A control System for a reversing alternating 
current single-phase motor having a pair of re 
versing windings, an impedance comprising an 
ohmic resistance and a condenser connected in 
parallel therewith, means operable automatically 
to Connect One Or the other of said windings in 
series with Said impedance across an alternating 
current Supply circuit for rotation of said motor 
in Opposite directions selectively, and said means 
being also operable automatically to connect the 
tWO Windings in parallel with each other and in 
series with said impedance across said alternat 
ing current source to effect stopping of the motor. 

8. A control System for controlling the light 
output of an electric lamp to maintain the illumi 
nation of a surface illuminated thereby and by an 
uncontrolled light source jointly at a degree of ill 

operable by said motor and adapted to vary the 75 lumination above a given minimum, comprising, 
  



4. 
in combination, an electric lamp, a circuit there 
for a photo-electric cell having a characteristic 
responsive to the degree of the total illumination 
of said surface, an electron tube connected to a 
source of energy, adjustable means to effect re 
sponse of said electron tube to the operation of 
said photo-electric cell, a relay responsive to the 
current of said tube, an alternating current motor 
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having a pair of reversing windings normally 
connected by said relay in parallel with each other 
and in series with an impedance across an al - 
ternating current source for stopping said motor, 
said relay upon response operating to disconnect 
one or the other of said reversing windings from 
circuit to cause the motor to rotate in Opposite 
directions selectively, and a regulator including 
a variable voltage auto-transformer operable by 
said motor and adapted to vary the voltage in 
pressed upon the circuit of said electric lamp. 

9. A control system for controlling the light 
output of an electric lamp to maintain the ill 
lumination of a surface illuminated thereby and 
by an uncontrolled light source jointly at a de 
gree of illumination above a given minimum, 
comprising, in combination, an electric lamp, a 
circuit therefor, a photo-electric cell having a 
characteristic responsive to the degree of the to 
tal illumination of said surface, an electron tube 
connected to a source of energy, adjustable means 
to effect response of said electron tube to the op 
eration of said photo-electric cell, a reversing 
relsy responsive to the current of said tube and 
provided with a pair of contacts normally con 
nected by said relay in parallel with each other, 
an alternating current motor having a pair of re 
versing windings, each connected to one of Said 
contacts, an impedance connected in series with 
said windings across a supply of alternating cur 
rent, said relay being adapted, upon response 
thereof, to disconnect one or the other of said 
eversing windings from circuit to cause said noa 
or to rotate in opposite directions selectively, and 

2, regulator including a variable voltage autoe 
transformer operable by Said notor and adapted 
to vary the voltage impressed upon the circuit of said electric lamp. 

10. A control system for controlling the light 
output of a group of electric lamps to maintain 
the illumination of a surface illuminated thereby 
and by an uncontrolled light source jointly at E, 
degree of illumination above a given minimum, 
comprising, in combination, a group of electric 
lamps, a circuit therefor, a pair of direct current 
terminals, a photo-electric cell, a resistance con 
anected in Series with said photo-electric cell acroSS 
said terminals, an electron tube having a cathode, 
an anode and a grid, means to impress upon said 
grid a voltage of said photo-electric cell, means 
to connect said cathode and anode across said 
germinals and to impress a variable potential poin 
said cathode, an electromagnetic relay provided 
with two opposing windings connected to Said 
terminals, means to impress a potential varying 
with the voltage between said cathode and 2Yode 
is porn one of Said windings, a reversible notor Con 
trolled by said relay, and a regulator including & 
*7ariable voltage auto-transformer Operable by Said 
notor and adapted to vary the Voltage impressed 
:pon the circuit of said electric lanps. 

... A control system for controlling the light 
output of a group of electric lamps to maintain 
She illumination of a surface illuminated thereby 
and by an uncontrolled light, Source jointly at 3, 
degree of illurgination akeove a give Eniaixaga. 
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comprising, in combination, a group of electric 
lamps, a circuit therefor, a pair of direct current 
terminals, a photo-electric cell, a resistance con 
nected in series with said photo-electric cell 
across said terminals, an electron tube having 
a cathode, an anode and a grid, means to impress 
upon said grid a voltage of said photo-electric 
cell, means to connect said cathode and anode 
across said terminals and to impress a Wariable 
potential upon said Cathode, an electromagnetic 
relay provided with two opposing windings con 
rected to said terminals, means to impress a po 
tential varying with the voltage between said 
cathode and anode upon one of said windings, a 
regulator including a variable voltage auto-trans 
former Operable by said motor and adapted to 
vary the Voltage impressed upon the circuit of said 
electric lamps, said relay being also provided with 
a pair of contacts normally connected together, 
an alternating current motor having a pair of re 
versing Windings each connected to one of said 
contacts of Said relay, and an impedance con 
nected in series with said windings, said relay 
being adapted upon response to disconnect one or 
the other of said reversing windings from circuit 
to cause Said notor to rotate in Opposite directions selectively. 

12. A control system comprising, a reversing al 
ternating current single-phase motor having a 
pair of reversing windings, a condenser, means 
operable automatically to connect one or the other 
of Said Windings in series with said condenser 
across an alternatnig current Supply circuit for 
rotation of said notor in opposite directions selec 
tively, Said means being also operable automati 
cally to connect the two windings in parallel with 
each other and in series with said condenser 
across Said alternating current source to effect 
stopping of the motor, and a regulator including 
a variable voltage auto-transformer Operable by Said notor. 

13. A control system comprising, a reversing al 
ternating current single-phase motor having a 
pair of reversing windings, an impedance compris 
ing an inductance and a condenser connected in 
parallel with the latter, raeans arranged to con 
Elect One or the other of said windings in series 
with said impedance across an alternating current 
supply circuit for rotation of Said motor in op 
posite directions selectively, said last mentioned 
means being alternatively adapted to connect the 
two windings in parallel with each other and in 
series with said in pedance across said alternating 
current source to effect stopping of the notor, and 
a regulator including a variable voltage auto 
transformer operable by said motor. 

4. A control System comprising, a reversing al 
ternating current single-phase motor having a 
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pair of reversing Windings, an in pedance congris 
ing an ohmic resistance and a condense co 
nected in parallel thereWith, means operable auto 
imatically to connect one or the other of Said 
windings in series with said impedance across an 
alternating current supply circuit for rotation of 
said motor in opposite directions selectively, said 
ineans being also operable automatically to con 
nect the two windings in parallel with each other 
and in Series With said in pedance across said al 
ternating current source to effect stopping of the 
Rotor, and a regulator including a variable volt 
age auto-transformer operable by Said Yaoto'. 
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