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7 Claims.

This invention relates to electrical control sys-
tems and particularly to systems in which the
control is effected from a remote point, permit-
ting of electrically actuating an assemblage of

5 barts or apparatus at a distance,

The invention is particularly adaptable to ra-
dio receivers or transmitters where the control
of tuning from a distant point is desired.

In the present state of the art, where radio

1) receivers have been perfected in their tonal qual-
ities to such high standards that they are ca-
pable of reproducing musical renditions of a large
orchestra in its full volume and brilliancy of
tone, it is usually more pleasing to the audience
to listen to the program at a distance from the
receiver, such as the adjoining room or rooms,
In such and other cases it is of great conven-
ience to be able to change the resonant fre-
quency of the receiver from that of one broad-
oy casting station to that of another without going
.to where the receiver is located, which in some
cases may be a considerable distance.

The chief object of this invention is the pro-
vision of a remote control system for actuating
5 the tuning elements of a radio receiver or trans-
mitter whereby such receiver or transmitter can
be accurately tuned to any desired frequency or
station from a distant point.

An important feature resides in the use of the
~n Usual alternating current supply for actuating
the control circuits, thereby greatly simplifying
the electrical system as a whole.

Electrical systems for accomplishing this end
have previously been proposed, but such arrange-
ments have been limited as to the number of
possible settings, their operation required deli-
cate tuning adjustments, and & great number of
wires were necessary to connect the remote con-
trol with the radio tuning apparatus.

Furthermore such systems have required a di-
rect-current source to supply the remote control
devices, while the radio apparatus itself oper-
ated from the usual alternating current power
lines, thus complicating and making more ex-
45 Dpensive the necessary equipment. All of these
disadvantages are overcome by the present in-
vention.

It is also desirable that the person using the
remote control should be able to adjust the tun-
ing of the apparatus to known positions of the
tuning element and have means at the remote
tuning point to indicate at all times the posi-
tion of the tuning element. = -

In accordance with this invention, there is pro-
55 vided an electrically balanced alternating cur-
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rent bridge network comprising a pair of poten-
tiometers, the variable contact of one of which
is actuated at a remote point to unbalance the
network and the variable contact of the other
of which is actuated by the device to be con-
trolled. An alternating current potential is sup-
plied across one of the two palrs of conjugate
points of the network, or in other words, across
each of the potentiometers. The other of the
two pairs of conjugate points comprising the va- 85
riable contacts of the two potentiometers is con-
nected to an output circuit. When a current
flows in the output circuit of said network, the
output voltage is amplified and applied in the
same phase through a common input circuit to
each of the control grids of a pair of thermionic
vacuum tubes. The separate plate or output cir-
cuits of the vacuum tubes are supplied 180° out
of phase by the same alternating current poten-
tial, through the energizing coils of two selec-
tively responsive relays. ‘A third relay is connect-
ed in the common leg of the output circuit of
the tubes. The first two relays control the di-
rection of rotation of areversible drive mecha-
nism, such as a motor, which mechanism is me-
chanically connected to the contact of the local
potentiometer as well as to the device to be con-
trolled. The third relay controls the speed of
rotation of the motor. The relays, which con-
stitute control means independent of the drive
mechanism, are responsive to the magnitude of
the current in the output of the network and
thus set the mechanism in operation. 'The tubes
provide selective means for discriminating  be-
tween the phase of the current in the output of
the network relative to the current in the input
circuit for determining the direction of operation
of said mechanism, and control the current sup-
plied to the reversible motor from a power source
which is separate and independent from the cur- or
rent passing through the network.

While this invention in its preferred embodi-
ment is herein illustrated and described as a
remote tuning control for radio receivers, it will -
be obvious to anyone skilled in the art that it 106
can be advantageously applied to control other’
devices where an accurate and flexible control
is to be effected from any distance.

The invention may be more clearly understood
from a consideration. of the accompanying draw-
ings in which:

Fig. 1 represents diagrammatically the elec-
trical circuit of a control system in accordance
with this invention.

Fig. 2 shows the plate-voltage curves of the 339
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selector tubes 21 and 21’ of Fig. 1 in reference
to the signal voitage applied to their grids.

Mg. 3 represents the control system shown in
Fig. 1 as applied to a radio receiver operating
entirely from alternating-current power lines.

Fig. 4 shows 2 modification consisting in the-

use of a polarized relay in place of the relays
26 and 26’ of Figs. 1 and 2.

Fig. 5 is a modification of Fig. 4 consisting in
the use of only one selector tube and a pair of
balanced-armature relays in place of the relay

‘48 of Fig. 4.

Fig. 6 illustrates & modification of the inven-
tion in which an alternating current relay re-
places the selector tubes 21 and 21’ and the re-
lays 26 and 26’ of Figs. 1, 3, 4 and 5.

Fig. 1, to which attention is now invited, shows

an electrically balanced alternating current net-
work connected to conftrol the action of a re-
versible motor. The network includes two poten-
tiometers 1 and 1’ connected in parallel as a
bridge and supplied with alternating current
from the winding 3 of the transformer 2. Po-
tentiometer 1’, which shall hereinafter be re-
ferred to as the local potentiometer, has its mov-
able contact 6’ mechanically connected to the
device to be controlled. The alternating cur-
rent supply potential need not be high, and in
practice it has been found satisfactory to use
about 50 volts, the resistance values of the po-
tentiometers being 2,500 ohms each. The sliders
8 and 6’, of the potentiometers are connected to
the primary winding 8 of the transformer 7.
This transformer is of the audio-frequency type
commonly used in radio receivers and preferably
of high, about 1:30, winding ratio. The second-~
ary winding 9 of the transformer 7, is tuned by
means of a condenser 10 to the frequency of the
alternating current used in the system, which
under normal conditions is the house-lighting
current supplied from the power-distributing
station, usually of 25 or 60 cycles. The winding
b of the transformer 2 is the primary winding
and connects to the alternating current supply

vmalns.

The amplitude of the alternating voltage im-
pressed on the primary winding 8 of the trans-
former 7 depends upon the magnitude of the
difference in position of the potentiometer con-
tact arms 6 and 8’; the phase of this voltage
depends upon the sign of the algebraic differ-
ence in position of the potentiometer contacts
8 and 6’. Using the voltage supply to the po-
tentiometer from the winding 3 of the trans-
former 2 as the reference standard, the phase of
the voltage in the winding 8 of the fransformer
7 shifts 180° as the algebraic difference in the
position of the sliders 8 and 6’ changes sign.
The output of the transformer 7 is connected to
the grid 12 of the tube 11 through the grid re-
sistor 13, and to the cathode 17 in series with
the battery 14 which supplies the necessary bias-
ing potential to the grid 12. The filament 17 of
tube 11 is supplied from the usual battery 15.
The potential of the plate 16 of the tube 11 is
derived from the battery 53 through the coupling
resistance 51. The purpose of this tube is to
amplify the output of the transformer 7 and is
shown as a resistance-coupled amplifier, the
functioning of which is well-known and need not
be considered here.

The output circuit of the amplifier tube 11 is
capacitively coupled through a condenser 52 to
the common input circuit of a pair of thermi-
onic selector tubes 21 and 21’. The filaments 24
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and 24’ of the selector tubes 21 and 21’ are con-
nected in parallel to the heating battery 28, the
grids 22 and 22’ of these tubes are connected
together by wirz 23. The required grid biasing
potential is derived from the battery 35 through
the resistor 51°.

The plate 25 of the tube 21 and the plate 25’
of the tube 21’ is supplicd with an alternating
potential -through the energizing coils of the
direct controlling relays 26 and 26’ from each
end respectively of the winding 4 of the trans-
former 2, the center tap of which forms tha2
common return for the plate potential of both
tubes through the energizing coil of the relay 27
to the filament 24 and 24’ of the tubes 21 and 21°.

It is clearly seen that the plate potzntial of the
tube 21 and therefore the voltage across the en-
ergizing coil of relay 26 will be 180° out of phase
with the plate potzntial of the tube 21’, and the
voltage across energizing coil 26’, and the plate
current of both tubes will depend upon both the
magnitude and the phase of the voltage supplied
to their grids, through th= coupling to the output
of the alternating current network.

A reversible series motor 29 with fi2ld windings
30 and 30’ is shown as the device to be controlled
and is connected to the primary winding 5 of
the transformer 2, through its field winding 30 in
series with the contacts 51 of the relay 26 or fi=ld
winding 30’ in series with contact 31’ of the
relay 26’. Both contacts aforamentioned are in
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series with the contact 32, bridged by the re- -

sistance 33, of the relay 27, the circuit to the mo-
tor completed by wire 34 to the primary winding
5 of the transformer 2. The reversible motor 21
is mechanically connected to the moving contact
6’ of the local potentiometzr 1’, S

Thus the relays 26 and 26’ are made selectively
responsive to the phase of the voltage impressed
upon the input of the tubes 21 and 21/, and the
movement of the control potentiomazter will
cause the motor 29 to turn in one direction or
the other to adjust the local potentiometer 1’ to
rebalance the  alternating current network.
Whenever the differcnce of the settings of the
potentiometers 1 and 1’ exceeds a predetermined
amount, the third relay 27 will be actuated to
short-circuit the resistance 33 and thus increase
the speed of the motor 29. The oparation of this
system will be described more fully hereinafter.

Referring to Fig. 2 the curves 1 and 3 repre-
sent the instantaneous plate voltage of the tubes
21 and 21’. The curves 2 indicate the grid volt-
ages of the same tubes referred to the same time

scale as the curves 1 and 3. This will be ex- |

plained in detail later.

Referring to Fig. 3 reference charactzrs of
Fig. 1, indicate identical parts of the circuit,
which shows the control system connected to a

radio broadcast receiver of present day design i

having tuned radio-frequzsncy stages in cascads.
The operating potentials as well as the filament
heating currents for all tubes are derived from
the common power transformer 2 which is identi-
cal to the one shown in Fig. 1, except that there
are additional windings necessary for the opera-
tion of the radio receiver itself. The rectifier
tube 36 supplies the necessary direct-current po-

110

113

tentials to thz plates and grids of all the tubes - ..

of the radio receiver including the amplifier

tube 11 of the control system. These potentials

are taken off from suitable taps of the voltage
dividing resistor 37 which is grounded at the

point 38, the positive potentials being taken off in I.:
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one direction and the negative potentials in
another direction from this point.

The motor 29 is shown, diagrammatically,
driving the rotor plates of the tuning condensers
39, 40, 41 and 42; and mechanically attached to
the shaft 43 of the rotor plates is the arm 6’ of
the potentiometer 1’.
condznser shaft 43 effects the tuning of the set
and correspondingly moves the contact arm 6’ of
the potentiometer 1’ which also serves to indi-

. cate the position of the tuning condensers, above

mentioned, on the scale 44’ calibrated in suitable
units such as meters or kilocycles,

The operation of the remote control tuning
system is as follows: The motor 29 is mechanical-
ly connected to the shaft of the tuning condens-
ers or other tuning elements of the receiver.
The two potentiometers 1 and 1’ are supplied
with an alternating potential from the winding
3 of the power transformer 2 and form an elec-
trically balanced bridge circuit, as long as their
arms 6 and 6’ rest at corresponding points of
the two scales 44 and 44’, inasmuch as the re-
sistance values on both sides of both arms 6 and
6’ are equal and no current flows through the
winding 8 of the transformer 7 to which the arms
6 and 6’ are electrically connected. In this con-
dition of equilibrium the grid 12 of the vacuum
tube 11 receives no impulse, and no change in
grid voltage takes place. The amplifier tube 11,
therefore, does not impress potential changes on
the grids of the selector tubes.21 and 21’.
grids 22 and 22’ of these tubes are so biased from
the tap 47 of the voltage dividing resistor 37 that
practically no, or very little, plate current fiows
through the winding 4 of the transformer 2 in
series with the energizing coils of the relays 26
and 26’ and 27. 'The plate current being Zero
or of such low value that it is not sufficient to
actuate the relays referred to, the relay contacts
will remain open and no current can flow to the
fleld windings 30 or 30’ of the motor 29.

‘In tuning the receiver from the remote point
the contact arm 6 of the remote potentiometer
1 1s moved in the desired direction correspond-
ing to the markings of the scale 44 and brought
to rest at a point on this scale which indicates
the wave length or the frequency of the broad-
casting station desired to be received. The
change in position of the contact arm 6 to un-
balance the network will result in the disturb-
ance of the electrical equivalence of the resist-
ances of the bridge circuit, and an alternating
current will flow through both contact arms 6

5 and 8’ into the winding 8 of the transformer 7

from the winding 3 of the transformer 2 and
thus impress across the output of the network
an alternating current voltage. The amplitude
of this current and the phase relationship of the
input and output voltage will depend upon the
magnitude of the difference in position of the
arm 6 of the potentiometer 1 relative to the arm
8’ of the potentiometter 1’. In other words the
further the two contact arms are set in opposite
directions the greater will be the current flow-
ing through them, and it will reach its maximum
value when one of the arms points to A while
the other points to B’, or vice versa.

The voltage impressed on the primary wind-
ing 8 of the transformer 7 is amplified by the
tube 11 and impressed simultaneously on the
grids 22 and 22’ of the selector tubes 21 and 21’.
The frequency of this voltage which is derived
from the winding 3 of the power transformer 2
is, of course, the same as the frequency of the

The rotary motion of the

tion of the grid voltage is clearly illustrated in

The

3
voltages In the other windings, determined by
the frequency of the line voltage supplied to the
primary winding 5 of the same transformer, the
phase of the voltage impressed on the grid 22
and 22, however, relative to the plate voltage

of the selector tubes will depend upon the sign
of the algebraic difference in position of the two ‘

80

sliders 6 and 6’ of the potentiometers 1 and 1'.

The voltages on the plates 25 and 25’ of the se-
lector tubes are 180° out of phase, and therefore,
the impressed voltage on the grids of these tubes
will be in phase with one plate voltage and out
of phase with the other; in other words, aiding
one and opposing the other. In Figure 2 the ac-

85

20
the 3 curves of which 2 in full line is the in-
stantaneous grid voltage for one condition of
unbalance and the dotted curve is the instantane-
ous grid voltage for the other condition of un-
balance of the potentiometers as considered
above. It will be seen that in the first condition
the grid voltage is in phase with the plate volt-
age of the tube 21’ and.that in the second con-~
dition it is in phase with the plate voltage of
the tube 21. : .

To give a more clear definition of this impor-
tant point, which is the salient feature of this
invention, let it be assumed that the arms of the
potentiometers referred to are both at rest at
a point C, midway between the points A and B.
It will be evident that the arm 6 of the poten-
tiometer 1 can be moved in either direction to- ,
ward A or toward B, and at equal points from
the assumed resting point C of the arm 6 in
either direction the magnitude of the voltage
taken off will be equal, the resistance of the poten-
tiometer being evenly distributed; the difference
not being in magnitude will be, however, in the
phase of this voltage, which will be impressed on
the primary winding of the transformer 7. As-
suming that the contact arm 6 of the potenti-
ometer 1 is moved in the direction toward A to
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"a point between A and the assumed point of

rest C, the voltage then derived, and amplified
by the tube 11, will be impressed on the grids of 120
the selector tubes 21 and 21’. The plate voltages
of these tubes being 180° out of phase, the im-
pressed grid voltage will be in phase with the plate
voltage of only one tube. Assuming that this
tube is tube 21’, the impressed voltage on its grid 126
22" will be out of phase with the plate voltage.
This condition will tend to decrease any existing
plate current, and the tube 21’ will not actuate
any of the relays. On the other hand, the volt-
age impressed on grid 22 of tube 21 will be in
phase with the plate voltage, and therefore will
be positive when the plate voltage is positive,
causing an increase in the plate current. The
increased plate current of tube 21 flowing through
the coils of relays 26 and 27 will be sufficient to
actuate the armature of relay 26 only and close
the contacts 31, thereby completing the circuit
through the field 30 of the reversible motor 29,
The motor will then start to turn in a direction,
so chosen by the correct connection of its fleld 140
windings to the relay contacts 31 and 31’, that the
turning of the tuning condenser shaft 43 will
move the contact arm 6’ of the potentiometer 1’
in such direction as to gradually decrease the dif-
ference in the resistance values of the arms of the 145
bridge circuit. When the contact arm 6’ reaches
the point corresponding to the setting of the arm
6, the bridge circuit resumes the state of electrical
equilibrium, and the current in the primary wind-

13¢

ing 8 of the transformer 7 ceases. This in turn .150'
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reducas the plate current of the tube 21 o zero
or to o suflclently low value to de-energizs the
zelay 28 thereby breaking the circuit to the motor.
Tt will be evident from the foregoing that thiz
control system hsas great fiexibility and gives a
smooth continuous control over the tuning range,
ths action being neither intermittent nor step
by sten.

The action of the third relay 27 with is asso-
clated resistor 33 further improves the tuning
operation by providing a speed control for the
motor 298. The speed of the motor ig an impor-
tant factor and must be slow enough to ensure
that the momentum of the motor armature and
assceiated apparatus shall-not drive the contact
arm of the potentiometer over the stopping point;
for otherwise the motor would hunt back and
forth before stopping. A slow speed of the
motor, on the other hand, lengthens the time in-
terval required for tuning from one setting to
another, especially if the desired station is oper-
ating ot a frequency remote from the one pre-
viously received. It is desirable, therefore, that
the speed of the motor be inecreased until ths
arm 6’ of the potentiometer 1’ is near the point
where the desired station is indicated, and then
in order to insure fine tuning and avoid the over-
riding of the contact arm, the speed of the motor
be decreased. The relay 27 accomplishes this
result by controlling or regulating the speed of
the motor in the following manner. When the
relay 27 is de-energized the contact points 32
are open, and the current to the motor 29, pro-
vided that either one of the relays 26 or 28’ is
actuated, will flow through the resistance 33, the
value of which is so chosen that the motor turns
over at a speed that will insure fine tuning and
instantaneous stopping. The closing of the con-
tacts 32 shunts the resistance 33 and the full line
voltage will operate the motor at greater speed.
The relay 27 is so designed that it will close at
a predetermined value of current which is greater
than that sufficient to actuate either of relays
26 and 26°.

It has besn above stated that the magnitudes
of the currents in the plate circuits of the se-
lector tubes 21 and 21’ depend on the magnitude
of the differcnce in position of the arms 6 and 6’.
The device operates as follows: Let it be as-
sumed that the receiver is tuned to a station of
relatively low frequency, as indicated at the
points A and A’ of the scales 44 and 44’ and it
is desired to tune in another station of relatively
high frequency, as indicated at the points B and
B’ on the scales. The arm 6, therefore, is moved
from the point A fo the point B, and the maxi-
mum value of the voltage from the winding 3 of
the transformer 2 will be impressed on the wind-
ing 8 of the transformer 7 and, as previously de-
scribed, the plate current in one of the selector
tubes 21 or 21’ will reach a maximum value
which energizes the relay 27 and one of the re-
lays, 26 or 26°. The resultant closing of con-
tacts 32 shunts the resistance 33 and the motor
starts at full speed. The tuning-condenser shaft,
in turn, moves the contact arm 6’ from the point
A’ towards B’. The movement of the arm grad-
ually decreases the impressed voltage on the pri-
mary winding 8, thereby decreasing the plate
current. As the arm 8’ reaches a predetermined
distance from the point B’ the plate current is
decreased to such a small value that the relay 27
opens, throwing the resistance 33 into the circuit
and slowing down the motor. When the arm 6’
reaches the point B’ the plate current in the

1,843,587

selector tube becomes practically zero and which-
ever one of the relays 26 or 26’, was energized,
opens and disconnects the motor from the line.

When tuning In stations closely allocated in
frequency the megnitude of the voltage im-
pressed in the winding 8 due to the relatively
Hitle difference in position of the arms 6 and 6’,
will not cause a large enough current-flow in the
plate circuit of a selector tukbe to energize the
relay 27 and the motor will turn at slow speed
due to the resistance 33 in the circuit. It would,
of course, be possible to employ another relay
like 27 to cut out an additional resistance. giv-
ing three speeds and so on; but in.practice it has
been found that two spceds are adequate to cover
the present broadcast bands. Instead of employ-
ing the relay 27 and resistance 33 to provide an
additional motor speed, other variable speed de-
vices may be used, as, for example, the coil and
plunger 27 of Fig. 3 may operate a brake on the
motor which will slow it up in proportion to the
current flowing in the relay winding.

Figure 4 shows a simplified embodiment in the
use of a polarized relay 48 in place of the relays
26 and 26’ of Figs. 1 and 3. Reference characters
identical to those of the other figures indicate
identical parts of the circuits. The action of the
polarized relay is similar to the action of the
relays 26 and 26’, the contacts 31 and 31’ lead-
inz to the respective field windings 30 and 30’
of the motor 29. The windings 4 and 4’ of trans-
former 2 are combined in the center-tapped en-
crgizing winding of the relay 48. The plate cur-
rent flowing in either half of the relay winding
will attract the permanently magnetized arma-
ture 54 and close cither contacts 31’ or 31 de-
pending upon which half of the winding is ener-
gized.

Referring to Fig. 5, the circuit shows a modi-
fication of Fig. 4 in the use of only one selector
tube and a pair of balanced-armature relays.
The operation of these relays in one direction
depends on the rise of the current above a pre~
determined value, and in the other direction on
the decrease of the current below that predeter-
mined valus. The current-flow in the energiz-
ing windings of both relays is the plate current
of the tube 21, as both windings are in series
between the filament 24, the plate 25 and the
potential source 4. The plate current is so ad-
justed that when no signal voltage is impressed
on the input circuit of tube 21 the plate current
is of such value that it energizes the relay coils
sufficiently to attract the armatures so that they
clear the lower contacts but do not touch the
upper contacts. During this normal plate cur-
rent flow the armatures of the relays 27 and 49
are floating midway between the contact points.
Should the impressed voltage on the grid of the
tube 21 be in phase with the plate voltage, as
previously described, the rise in plate current
attracts the armature of the relay 49 and the
circuit will be completed through contact 31’ to
one of the fleld windings 39’ of motor 29. How-
ever, should the impressed voltage be out of phase
with the plate voltage of tube 21 the normal
plate current will drop to a considerably low
value and the winding of the relay 49 becomes
de-energized, allowing the armature to drop and
complete the circuit to the motor through the
lower contact 31 and to the other field winding
30 of the motor. The action of the relay 27 is
similar to the previously described arrangements,
except that it is adjusted to close at a prede-
termined maximum and also at a predetermined
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minimum of plate current of the selector tube
21, thereby short-circuiting the resistance 33 in
both instances so as to increase the motor speed.
When the armature of relay 27 is floating the
motor will run at slow speed because resistance
33 will then decrease the series-field current. In
order that the armatures of relays 27 and 49 may
at such time remain out of contacs, a suitable
spring will be required to balance the pull of the
electromagnet.
Fig. 5, nor in the other figures, because the con-
structions of relays of the types herein referred
to are well known.

In reference to Figure 6, the arrangement
shown is a modification without the use of vacuum
tubes. A specially constructed alternating cur-
rent relay 59 selectively controls the closing of the
motor circuit. Reference characters used in the
previous figures designate parts identical in the
arrangements formerly shown. The relay 59 has a
divided core 50 on either half of which connected
in parallel are the field windings 56 and 56’.
These windings are in such maghnetic relation
that both ends of the core 50 will be instantane-
ously similarly poled.

The armature 54 is pivoted on core portions 55
and equipped with field windings 57 and 57’. The
potentiometer 6 and 6’ and the field windings 56
and 56’ of the relay 59 are supplied with alter-

.nating current from the secondary winding 4 of

transformer 2, the primary winding 5 of Wwhich
connects to the house-lighting mains.

The armature windings 57 and 57° of the relay
59 are in series and aiding each other in mag-

5 netic polarity and connected to the contact arms i

6 and 6’ of the potentiometers, In series with this
circuit is the speed regulating relay 27, the pur-
pose and action of which has been previously
described and is shown with sliding contact over
the resistance 33 in order to give a more flexible
control at a plurality of speeds. The speed con-
trolling action of relay 27 is preferably so ar-
ranged through well-known electrical or mechan-
ical devices as t0 maintain the motor speed rela-
tively high and fairly constant until the contact
arm 6’ of potentiometer 1’ reaches a certain dis-
tance from the point of balance and then decrease
the speed of the motor 29 at a rate which will
assure instantaneous stopping at the desired point
without unduly lengthening the time interval
for the arm 6’ in reaching it from its original
starting point.

The action of the relay armature 54 in one way
or the other depends upon the phase relation be-
tween the current in the field winding and that
in the armature winding and there is thus pro-
vided selective relay means for discriminating be-

tween the phase of the current in the output of
‘the network relative to the current in the input

circuit. From the diagram it is clearly seen

"that the phase of the current in the armature

windings 57 and 57’ shifts 180° as the algebraic

- difference in position of the potentiometer contact

arms changes sign, whereas the current in the
fleld windings 56 and 56’ remains in uniform

" phase relation with the current in the potentiom-

eters. The movement of the relay armature in
either one direction closes the respective switch
contacts whereby the circuit is completed to one
of the fleld windings 30 and 30’ of the motor 29.

I claim: ‘ :

1. In a remote control system, as for actuating
the tuning elements of a radio receiver; a re-
versible motor; a current source for said motor;
two relays for controlling the current to said

Such springs are not shown in:

5

motor to cause it to run in one direction or the
other, respectively; a third relay for controlling
the speed ot said motor; an electrically balanced
alternating-current network including an alter-
nating-current supply, a local potentiometer
mechanically connected to said motor, and a con-
trol potentiometer located at a remote point and
operable to unbalance said network and thereby
cause an alternating-current voltage, the phase
of which will depend upon the relative settings
of the two potentiometers, to be Impressed across
the output of said network; and a pair of ther-
mionic tubes having a common input cireuit
coupled to the output of said network and having
separate output circuits, each output circuit com-
prising the energizing coil of one of said direc-
tion controlling relays, an alternating-current
voltage supply, the voltage in each circuit being
180° out of phase, and the energizing coil of said
third relay, whereby the relays are selectively
responsive to the phase of the voitage impressed
upon the input of said tubes, and movement of the
control potentiometer will cause the motor to
turn in one direction or the other, thus adjusting
the local potentiometer to re-balance the alternat-
ing-current network, the third relay being oper-
ated to increase the speed of the motor whenever
the difference between the settings of the two
potentiometers exceeds a predetermined amount.

2. In a remote control system, as for actuating
the tuning elements of a radio receiver; a re-
versible motor; a current source for said motor;
a polarized relay having two energizing coils for

-controlling the current to said motor to eause it
to run in one direction or the other, respective-.1

ly; relay means for controlling the speed of said
motor; an electrically balanced alternating-cur-
rent network including an alternating-current
supply, a local potentiometer mechanically con-
nected to said motor, and a control potentiometer
located at a remote point and operable to unkal-
ance said network and thereby cause an alternat-
ing-current voltage to be impressed across the
output of said network; and a pair of thermionic
tubes having a common input circuit coupled to
the output of said network and having separate
output circuits, each output circuit comprising
one of the energizing coils of said polarized relay,
an alternating-current voltage supply, the voltage
in each circuit being 180° out of phase, and the
energizing coil of said speed controlling relay
means, whereby the polarized relay is selectively
responsive to the phase of the voltage impressed
upon the input of said tubes, and movement of
the control potentiometer will cause the motor
to turn in one direction or the other, thus ad-
justing the local potentiometer to re-balance the
alternating-current network.

3. In a remote control system, as for actuat-
ing the tuning elements of a radio receiver; a
reversible motor a current source for said motor;
two relays for controlling the current to said
motor to cause it to run in one direction or ‘the
other, respectively; an electricaly balanced alter-
nating-current network including an alternat-
ing-current supply, a local potentiometer me-
chanically connected to said motor, and a control
potentiometer located at a remote point and
operable to unbalance said network and thereby
cause an alternating-current voltage to be im-
pressed .across the output of said network; and
a pair of thermionic tubes having a common in-
put circuit coupled to the output of said net-
work and having separate output circuits, each
output ciré¢uit comprising the energizing coil of
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one of said direction controlling relays, and an
alternating-current voltage supply, the voltage
in each circuit being 180° out of phase, whereby
the relays are selectively responsive to the phase
of the voltage impressed upon the input of said
tubes, and movement of the control potentiome-
ter will cause the motor to turn in one direction
or the other, thus adjusting the local potentiome-
ter to re-balance the alternating-current net-
work. :

4. In a remote control system, as for actuat-
ing the tuning elements of a radio receiver; a
reversible motor; a current source for said motor;
& polarized relay having two energizing coils for
controlling the current to said motor to cause
it to run in one direction or the other, respective-
ly; an electrically balanced alternating-current
network including an alternating-current sup-
ply, a local potentiometer mechanically connected
to said motor, and a control potentiometer locat-
ed at a remote point and operable to unbalance
saild network and thereby cause an alternating-
current voltage to be impressed across the output
of said network; and a pair of thermionic tubes
having 8 common input circuit coupled to the
output of said network and having separate out-
put circuits, each output circuit comprising one
of the energizing coils of said polarized relay,
and an alternating-current voltage supply, the
voltage in each circuit being 180° out of phase,
whereby the relay is selectively responsive to the
phase of the voltage impressed upon the input
of sald tubes, and movement of the control
potentiometer will cause the motor to turn in one
direction or the other, thus adjusting the local
potentiometer to re-balance the alternating-
current network.

5. In a remote control system, as for actuat-
ing the elements of a radio receiver; a reversible
motor; two relays for controlling the current to
said motor to cause it to run in one direction or
the other, respectively; an electrically balanced
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alternating-current network including two po-
tentiometers one of which is mechanically con-
nected to sald motor and the other of which is
located at a remote point and operable to un-
balance said network and thereby cause an alter-
nating-current voltage to be impressed across
the output of said network; and a pair of ther-
mionic tubes having a common input circuit
coupled to the output of sald network and hav-
ing separate output circuits, each output circuit
comprising the energizing coll of one of sald
direction controlling relays and an alternating-
current voltage supply, the voltage in each cir-
cuit being 180° out of phase, whereby the relays
are selectively responsive to the phase of the
voltage impressed upon the input of said tubes,
thereby determining the direction of rotation of
the motor.

6. In a remote control system, a reversible
drive mechanism, an electrically balanced alter-
nating current bridge network, a source of alter-
nating current of fixed voltage connected as an
input circult across one pair of conjugate points
of sald network, an output circuit connected
across the other pair of conjugate points of said
network, said last-mentioned points being ad-
Justable to vary the output voltage, control means
for adjusting one of said points and thereby dis-
turbing the balance of said network to cause an
alternating current to flow in said output eir-
cuit, and control means independent of said drive
mechanism responsive to the magnitude of said
current for setting sald mechanism in operation
and including selective relay means for dis-

criminating between the phase of the current in :

said output circuit relative to the current in said
input circuit for determining the direction of
operation of said mechanism.

7. A remote control system in accordance with

claim 6, in which the reversible drive includes a -

separate power source.
VERNON E. WHITMAN.
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