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This invention relates to signaling systems, 
and particularly to transmission systems em 
ploying devices for automatically controlling 
the energy levels therein. . . . . . . 

Circuits for the transmission of voice fre 
quency signals, such as telephone circuits or 
the like, may undergo variations in attenua 
tion due, for example, to weather changes. 
Corrections must be applied to such circuits 
in order to maintain the circuit equivalents 
substantially constant. One form of regu 
lating circuit for applying the desired cor 
rections may consist of one or more light 
valves of, for example, the selenium type. 

- hibit a high imped 
ance in darkness and yet they undergo a sub 
stantial change in impedance when exposed 
to light. Accordingly, such valves may be 
arranged to increase or decrease the quantity 

rea of the energy flowing in a signaling system 
as conditions necessitate. . . . . . . . . Accordingly, it is one of the objects of this 
invention to provide two light cells, either 
of which may be exposed to light in order to undergo a substantial change in impedance, to thereby regulate the energy flowing 
through a transmission circuit. . . . . 
. It is another object of this invention to 
couple the energy adjusting means of a trans 
mission circuit to an electrical motor so that 
when either of two light valves become ener 
gized, the motor may be set into rotation in 
one direction or in the other to corresponding 
ly vary the energy adjusting means. . . 
It is a further object of this invention to 

pick up a small portion of the energy flowing 
from an input circuit into an output circuit, 
which are interconnected by an energy adjust 
ing means, to rectify, the energy so picked up 
and cause that energy to operate one light 
control valve or another, to accordingly re 
volve the armature of a motor in one direc 
tion or in the other, and to thereby'cause the energy adjusting means to be correspondingly 
varied. . . While this invention will-be pointed out 
with particularity in the appended claims, the 
invention itself, both as to its further objects 
and features, will be better understood from 50 the detailed description hereinafter follow. 
-- . . . . . . . . . . . . . . . . . . .'; . . . . ; ; ; ; ; ; ; 
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ing, when readin connection with the accom 
panying drawing showing one embodiment of 
the invention merely for the purpose of illus 
tration. . . . . . - Referring to the drawing, an input circuit 55 
E, is shown connected to an output circuit E. . through an energy adjusting means G which 
may, for example, be a potentiometer, as 
shown. Alternating current which may be 
transmitted for the purpose of actuating the 60 

adjusting mechanism will flow from the in 
put circuit E to the output circuit E in the 
direction indicated by the arrows. In this 
invention, the level of the energy of this cur 
rent in the input circuit may vary within cer 
tain limits and it is desired to keep the level 
of this energy as applied to the output cir 
cuit within small limits of variation, prefer 
ably by automatic means. The potentiometer 
or energy adjusting means may have sufi 70 
cient range of variation on manual adjust 
ment to effect by the level of the energy flow 
ing into the output, circuit E but in this 
invention means will be provided for auto 
E. changing the position of the po 
e 

75 

ntiometer or energy adjusting means G in 2: accordance with changes in the level of en 
argy flowing in the transmission circuit. 
A motor having an armature A and a field 

coil Wis so related to the system that arma 
ture. A may be caused to rotate in one direc 
tion or in the other as found desirable. The 
field coil Wof the motoris supplied with cur 
rent from a source B, which may be of the 
alternating current type, as well as of the 
direct current type as shown. The arma ture Aof this motoris mechanically coupled 
to the movable arm of the potentiometer G, 
preferably through a train of gears (not 
shown). Thus, when the armature Aro tates in one direction, the energy passing through the potentiometer G may be in 
Ea when the armature rotates in the opposite direction, the energy passing 
through potentiémeter G may be decreased. 
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A small portion of the current transmitted to 
the output, circuit.E., is applied to the pri mary winding of a transformer T, theimped 
ance of the primary winding being prefer 
ably substantially high to thereby limit the 
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2. 
amount of energy so applied. The current applied to the primary winding of trans 
former T., however, becomes similarly ap 
plied to the input circuit of a rectifying de 
vice which may, for example, be a rectifier 
tube of the three-electrode type. This energy is accordingly applied between the grid and 
filament of a rectifier tube W. The filament 
of the tube V is heated to an electron emitting 
temperature by a battery B. A condenser 
C, shown in dotted lines, bridges the second 
ary winding of transformer T. 
tuned circuit is provided, including the Sec 
ondary winding of a transformer T, and con 
denser C. which may be employed for selec 
tively applying, between the grid and fila 
ment of the vacuum tube V current of the fre 
quency which is to be transmitted for the purpose of actuating the adjusting mecha 
nism, thus separating it from currents of 
other unwanted frequencies which may also 
be transmitted at the same time, such as, for example, currents of frequencies directly in 
volved in the transmission of speech. It will 

25 be understood, however, that any other rec tifying device may be employed instead of 
vacuum tube W within the scope of his in 
vention. 
The plate circuit of the vacuum tube Win 

cludes a meter J, resistances R and R2, a bat 
tery B and the filament and plate of the vac 
uum tube W. This is a direct current circuit. 
A by-pass for alternating currents is provided 
by a condenser C, shown connected between 

35 

40 

the plate and filament of vacuum tube W. 
The meter J of this circuit may have a dial 
which is graduated to indicate whether the 
energy flowing through this circuit is nor 
mal, high or low. When normal current 
flows through meter J, its pointer may rest 
in position N. When current of higher mag 
nitude flows therethrough, the pointer of 
this meter may reach the H position, and 
when current lower than normal flows there 

45 through, this pointer may reach the L posi 
tion. Thus, when the pointer of this meter 
is at its N position, the level of the energy in 
the output circuit E is normal. When the 
pointer reaches the H position, the apparatus 
of this invention will be set into operation to 
cause the potentiometer or energy adjusting 
means G to be lowered and to accordingly de 
crease the level of the energy in the output 
circuit E. Conversely, when the pointer of 

55 

60 

meter J reaches the L position, the apparatus 
of this invention will be again set into opera 
tion, causing the potentiometer or energy ad 
justing means G to become increased, to there 
by increase the level of the energy in the out 
put circuit E. 
Two galvanometers which may be, for ex 

ample, of the D'Arsonval type bridge resist 
ances R. and R2. These galvanometers have 
moving coils A and A2, interposed between 
pole pieces P, and P. and between pole pieces 

1,848,220 . . . . 

Thus, a 

Ps and P, respectively. Mirrors M, and M. 
are mounted on the respective moving coils A 
and A and revolve with these moving coils. 
when the potential drop across resistance R 
changes, the moving coil M will be rotated. 
The rotation of the moving coil M. may be in 
a clockwise direction when the potential drop 
across resistance R, increases and in a coun 
ter-clockwise direction when this potential 
drop decreases. Similarly, moving coil A 
may move in a clockwise direction with an in 
crease in the potential drop across resist 
ance R. and in a counter-clockwise direction 
with a decrease in the potential drop of re 
sistance R. 
A source of light which may be an electri 

cal lamp is indicated by the reference char 
acter F. The filament of this lamp is con 
nected to a battery B. Light of source F 
impinges upon mirrors M and M, and if 
these mirrors are in their normal positions, 
this light will be reflected therefrom along 
the lines N, and N., respectively. A change 
in the potential across either the resistance 
R, or resistance R will cause the rotation of 
the corresponding moving coil to effect a cor 
responding deviation of the reflected light 
from the associated mirror. 
Three light valves or cells are designated 

by the reference characters S, S. and S. 
These valves or cells may be of the selenium 
type, each exhibiting a high impedance in 
arkness and a substantially lower imped 

ance when exposed to light. Light cell S is 
positioned so as to be affected by the reflected 
beam of light from mirror M, when this 
mirror rotates in a counter-clockwise direc 
tion. Light cell S. is acted upon by reflected 
light when mirror M is rotated through a 
predetermined angle in the clockwise direc 
tion. Similarly, cell Sa becomes exposed to 
reflected light when mirror M, is rotated in 
a counter-clockwise direction. The wind 
ings of relays D, D, and Ds are connected 
to the light cells S. S. and S., respectively. 
Each winding remains deenergized until the 
corresponding light cell has become exposed 
to light of source F reflected by one of the 
mirrors. Relays D, D, and D are asso 
ciated with relays D, D, and D., respec 
tively, each of these relays becoming opera 
tive when the winding of the associated relay 
has become energized due to the action of 
the associated light cell. 
When the level of the energy in the input 

circuit E, decreases from its normal SR 
the magnitude of the rectified current will 
also decrease. The pointer of meter J will 
move to the left of position N, thereby indi 
cating the magnitude of the difference be 
tween the normal current in the input circuit 
E, and its value at the time of measurement. 
The potential drops of resistances R, and R. 
will become decreased and will affect the ro 
tation of mirrors M and M, in a counter 
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clockwise direction, the angle of rotation be 
ing proportional to the difference between 
the normal current which may flow through 
the input circuit E and the current which 
flows through that circuit at the time of 
measurement. If the rotation of the mirror 
Min a counter-clockwise direction is great 
enough to cause the beam of reflected light 
to fall upon light cell S, this cell will under 
go a substantial change in impedance, caus 
ing the energization of the winding of relay 
D., current flowing ghting of relay D, from a battery B. The armature 
of relay D, will accordingly become at 
tracted, causing the operation of relay D, 
Current g through the winding of D. 
from battery B. The two armatures of re 
lay D, which are mechanically coupled, are 
so connected to the armature A of the mo 
tor as to close a circuit to cause its rotation. 
Thus, current flows from the battery Bs 
through one of the armatures of relay D, 
through the armature of relay D, armature 
A of the motor, the second armature of re 
lay D, and ground. Due to the coupling 
of armature A of the motor and the poten 
tiometer or energy adjusting means G, the P 
rotation of armature A in the proper direc 
tion will cause an increase in the energy 
flowing through the potentiometer or energy 
adjusting means G. The armature A of the 
motor will continue to rotate until the cur 
rent rectified by the vacuum tube V is in 
creased sufficiently to cause the rotation of 
mirror M by the amount necessary to re 
move the reflected beam of light from light 
walve S. When the reflected light is re 
moved from cell S, its resistance will in crease substantially and the current flowing 
therethrough and through the winding of re. 
lay D, will be insufficient to maintain it operated, whereupon the armature of relay 
D, will become released. Thereupon, the ar 
matures of relay D will become released 
and the armature A of the motor will fail 
to continue in rotation. . . . . . . . . . . 

In order to prevent the moving coil Ai of 
the galvanometer associated with resistance 
R from rotating so far in a counter-clock 
wise direction due to an exceedingly large 
decrease in the level of the alternating cur 
rent in the input circuit E, so that the re 
flected beam of light may pass beyond light 
cell S, a mechanical stop, such as K, may be 
provided, in such a position that the maxi 
mum rotation of the counter-clockwise di 
rection of the armature A will cause the 
beam of reflected light to fall upon light cell 
S, and to remain in that position. 

If, on the other hand, the level of the en 
ergy in the input circuit E, increases beyond 
its normal value, the magnitude of the recti 
fied current will increase, thereby increasing 
the indication' at: heter J.: Armatures or 

3. 

moving coils A and A of the respective 
alivanometers will be rotated in clockwise 
irection. Thus, armature A may rotate 

sufficiently to cause the reflected beam of light 
to illuminate light cell S. Light cell S., then 
undergoes a substantial change in impedance, 

g the operation of relay D. Attrac 
tion of the armature of relay D, will cause 
the operation of relay D and will thereby 
cause the armature A of the motor to rotate 
in the opposite direction. Consequently, the 
potentiometer or energy adjusting means 
which is coupled to the armature A of the 
motor will be moved in the proper direction 
to decrease the energy level at the output cir 
cuit E. The armature A of the motor will 
continue to rotate until the magnitude of the 
rectified current approaches its normal value, 
reflected light being then deviated so as to 
cease to illuminate light cell S. According 
ly, the impedance of light cell S will become 
greatly increased, causing the release of relay 
D, as well as relay Ds and stopping the rota 
tion of armature A of the motor. To pre 
vent an excessive rotation of the moving coil 
A in a clockwise direction a stop K, may be 
rovided, reflected light impinging upon 

light cell S while moving coil. A remains 
fixed against stop K. - 
The Hand L positions on meter J indicate 

the limits at which the armature A of the 
motor is started in rotation in the process of readjusting the energy flowing through the 
potentiometer G. These limits correspond 
to a definite magnitude of resistance shunting 
the moving winding, such as A, of one of the 
associated galvanometers. These limits also 
correspond to a certain tension in the spring 
holding the moving armature of each gal 
vanometerin a proper position in equilibrium 
against the torque produced by the flow of 
current therethrough. Obviously, these lim 
its may be made wide or narrow, as found 
necessary, by changing both the value of the 
resistance in shunt with each galvanometer 
and the tension of the spring at the galva 
nometer. Thus, if these limits are to be made 
,wider, the magnitude of the resistance R 
should be decreased as well as the tension of 
the spring at the galvanometer. A decrease 
in the magnitude of the resistance R causes 
the application of a smaller potential drop to 
the galvanometer, resulting in the produc 
tion of a smaller torque, which requires a 
reduced spring tension to establish a balance of the galvanometer in the normal position, 
and resulting further in the necessity for 
a larger change in rectified current to be 
sufficient to illuminate one or the other of 
the light cells. Obviously, if these limits are 
to be made narrower, the magnitude of the 
resistance R, should be increased as well as 
;the tension of the spring at the moving coil 
As of the associated gavandmeter. 
The second galvanometer shun ing resist 
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ance R. is provided to render the adjusting 
mechanism inoperative when the rectified 
current falls greatly below the normal value. 
Thus, when the level of the energy in the in 
put circuit E, decreases, the armatures A. 
and A rotate in a counter-clockwise direc 
tion, as has been mentioned herein above. 
Resistance R may, however, be smaller in 
Inagnitude than resistance R. Accordingly, 
armature A will be less sensitive than R 
and will move more slowly. The sensitivity 
of armature A may be adjusted so that the 
beam of light reflected from M will not fall 
upon light cell Ss until the rectified current 
has dropped to a predetermined low value. 
Such a great drop in the rectified current 
may be due to a change in the level of the 
energy of the transmission circuit so suddenly 
as to prevent correction by the energy adjust 
ing means in the usual manner. Such a steep 
drop in the rectified current may also be due 
to the fact that the energy level at the trans 
mission circuit has fallen beyond the point 
where a correction may conveniently be ap 
plied. When the light cell Ss becomes il 
luminated, relay Ds will become operated, its 
armature attracted, causing the operation of 
relay Ds. The attraction of the armature of 
relay D opens the circuit in series with the 
motor so that the armature A cannot be 
started in rotation. When this occurs, the 
armature A of the motor cannot start in rota 
tion even though the light cell S has become 
exposed to reflected light. 
A light cell of the selenium type may be 

made by depositing light-sensitive selenium 
upon a considerable length of two wires con 
nected in parallel, thus creating numerous 
paths in parallel from wire to wire through 
the selenium. The wires may of course be 
wound in such a manner as to confine the cell 
to dimensions of convenient proportions. 
The sensitivity of such a cell, that is, the 
ratio of its conductivity when exposed to light 
to its conductivity in darkness, depends 
among other things, on certain processes en 
ES in its manufacture. It is to be under 
stood, however, that any other light cell, as, 
for example, a photoelectric cell, may be em 
ployed in this invention instead of the seleni 
um cell or that any other device may be em 
ployed instead of the selenium cell described 
herein, particularly if that device, under 
goes a substantial change in impedance when 
exposed to light, within the scope of this in 
vention. 
While this invention has been pointed out 

in one particular embodiment merely for the 
purpose of illustration, it is to be distinctly 
understood that the general principles of this 
invention may be applied to other and widely 
varied organizations without departing from 
the spirit of the invention and the scope of 
the appended claims... . . . . . . . 

What is claimed is: " . . . . . . . . . 
r:1. The combination of a source of current 
of varying amplitude, a mirror which re 
flects incident light at an angle correspond 
ing to the difference in amplitudes between 
the instantaneous value of the current of said 
source and an arbitrary and predetermined 
value, a first light cell which undergoes a sub 
stantial change in impedance when the re 
flected light makes a predetermined angle 
with respect to the incident light in a clock 
wise direction, a second light cell which simi 
larly undergoes a substantial change in im 
pedance when the reflected light makes a dif 
ferent predetermined angle with respect to 
the incident light in a counter-clockwise di 
rection, a motor, means for rotating the motor 
in one direction when the first light cell is 
acted upon, means for rotating the motor 
in the opposite direction when the second 
light cell is acted upon, and a gain control 
device associated with said source of current 
whose gain may be changed a predetermined 
amount in accordance with the rotation of 
said motor. . . . . . . 

2. The combination of two mirrors, means 
for revolving said mirrors, a source of light 
transmitting a beam simultaneously inci 
dent upon said mirrors, three selenium cells 
each of which may be energized when light 
of said source is reflected thereupon, one cell 
being energized when the first mirror re 
volves through a predetermined arc in one 
direction, the second cell being energized 
when the first mirror revolves in the oppo 
site direction through a predetermined arc, 
the third cell being energized when the second 
mirror revolves through a predetermined arc 
in the first-mentioned direction. 

3. In a signaling system, the combination 
of a source of light, a mirror receiving a beam 
of light from said source, two light sensitive 
cells on opposite sides of the normally re 
flected beam of light, a source of signaling 
energy the level of which may vary, means 
for rectifying a portion of the said signaling 
energy, a resistance through which the recti 
fied current may flow, and means coupled to 
said resistance and responsive to an increase 
in the level of the rectified current by a pre 
determined amount to rotate the mirror in 
One direction and cause a substantial change 
in the impedance of one of the light cells, 
said means being also responsive to a decrease 
in the level of the rectified current by a pre 
determined amount to rotate the mirror in the 
opposite direction and cause a substantial 
change in the impedance of the other of the 
light cells. . . . 
4. The combination of a source of light, 

a mirror upon which falls the light of said 
source, two light responsive devices on op 
posite sides of the beam of light reflected 
by said mirror, each light responsive device 
undergoing a substantial change in resistance 
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when the reflected beam of light falls there 
on, a transmission circuit in which the level 
of the energy transmitted therethrough may 
vary, a vacuum tube device for rectifying a 
portion of the energy of said transmission cir 
cuit, means responsive to an increase in the 
level of the rectified energy above a prede 
termined limit to rotate the mirror in one 
direction and throw the reflected beam of 
light upon one of the light responsive de 
vices, means responsive to a decrease in the 
level of the rectified energy below a prede 
termined limit to rotate the mirror in the 
opposite direction so as to throw the re 
flected beam of light upon the other of the re 
sponsive devices, a motor, and means to ro 
tate the motor in one direction or the other 
in response to a change in the resistance of 
one light responsive device or the other. 

5. The combination of a source of light, 
a mirror receiving a beam of light from said 
source, two light cells on opposite sides of 
the beam of light reflected by said mirror, 
each light cell undergoing a substantial 
change in impedance when the reflected beam 
falls thereon, a source of current of variable amplitude, means for rectifying a portion of 
the current of said source, means responsive 
to an increase in the amplitude of the recti 
fied current above a predetermined value to 
rotate the mirror in one direction so that the 
reflected beam may fall upon one light cell, 
means responsive to a decrease in the ampli 
tude of the rectified current below a prede 
termined value to rotate the mirror in the 
opposite direction so that the reflected beam 
may fall upon the other light cell, and a mo 
tor which may be rotated in one direction in 
response to a change in the impedance of one 
light cell and which may be rotated in the 
opposite direction in response to a change in 
the impedance of the other light cell. 

6. In a signaling system, the combination 
of a source of current representing signals 
the level of which may vary, means for recti 
fying a portion of the current of said source, 
a mirror upon which a source of light im 
pinges, means responsive to the rectified cur 
rent for rotating the mirror through an angle 
corresponding to the difference in amplitude 
between the instantaneous value of the recti 
fied current and a predetermined value, a first 
light cell which substantially changes in re 
sistance when the reflected light makes a pre 
determined angle with respect to the inci 
dent light, a second light cell which also sub 
stantially changes in resistance when the re 
flected light makes a different predetermined 
angle with respect to the incident light, and 
means to increase the level of the current 
emanating from said source when the first 
light cell changes in resistance and to de 
crease the level of the current emanating 
from said source when the second light cell 
changes in resistatnce. 

5 

7. The combination of a source of current 
of varying amplitude, a potentiometer con 
nected to said source of current to control 
the level of emitted current, a mirror which 
reflects incident light at an angle correspond 
ing to the difference in amplitudes between 
the instantaneous value of the current of 
said source and an arbitrary and predeter 
mined value, a first light cell which under 
goes a substantial change in impedance when 
the reflected light makes a predetermined an 
gle with respect to the incident light, a sec 
ond light cell which similarly undergoes a 
substantial change in impedance when the 
reflected light makes a different predeter 
mined angle with respect to the incident 
light, a motor which is coupled to said po 
tentiometer, means for rotating the motor in 
one direction in response to a substantial 
change in impedance in the first light cell, 
and means for rotating the motor in the op 
posite direction in response to a similar 
change in impedance in the second light cell. 

8. The combination of a source of current 
of varying amplitude, gain control means 
connected to said source of current, a mirror 
which reflects incident light at an angle cor 
responding to the difference in amplitudes 
between the instantaneous value of the cur 
rent of said source and an arbitrary and pre 
determined value, a first light cell which 
undergoes a substantial change in impedance 
when the reflected light makes a predeter 
mined angle with respect to the incident light, 
a second light cell which similarly under 
goes a substantial change in impedance when 
the reflected light makes a different prede 
termined angle with respect to the incident 
light, a motor which is coupled to said gain 
control means, means responsive to a substan 
tial change in impedance of the first light 
cell for rotating the motor in one direction, 
and means responsive to a similar change in 
impedance of the second light cell for rotat 
ing the motor in the opposite direction. 

In testimony whereof, I have signed my 
name to this specification this 24th day of 
August, 1927. 

RUSSELL. H. LINDSAY. 

O 

s 

85 

90 

95 

00 

05 

O 

5 

20 

130 


