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This invention relates to the tuning of radio 
devices and more particularly to remote controls 
for radio apparatus and the like. 
A principal object of the invention relates to 

an improved remote tuning control for radio 
apparatus whereby accuracy and speed of re 
mote tuning are enhanced. 
Another principal object is to provide an auto 

matic tuning control arrangement for radio ap 
paratus and the like, and incorporating novel 20 
circuit arrangements for reducing hunting or 
over-running of the motor which is used to op 
erate the tuning controls. 
A feature of the invention relates to an in 

proved automatic tuning control arrangement 
for radio apparatus and the like, employing a 
control circuit of the balanced bridge type, in 
conjunction with a special anti-hunting control 
employing a motor of the induction type. 
Another feature of the invention relates to 

an improved automatic tuning control arrange 
ment for radio sets and the like employing a 
power motor for Operating the tuning controls of 
the Set, the motor in turn being controlled by a 
balanced bridge, in conjunction with a special 
relay circuit for operating the tuning control in 
discrete increments in proportion to the extent 
to which they must be eventually moved to the 
desired tuning position. 
A further feature relates to a novel form of 

anti-hunting circuit for servo-mechanisms gen 
erally. 
A still further feature relates to the novel or 

ganization, arrangement and relative intercon 
nection of parts which cooperate to provide an 
improved automatic tuning control arrangement 
for radio apparatus and the like. 
In the drawing which shows certain preferred 

embodiments, 
Fig. 1 is a composite schematic wiring diagram 

of a System embodying the invention. 
Fig. 2 is a modification of the system of Fig. 1. 
Fig. 3 is a modification of a portion of the 

System of Fig. 1. 
While the invention is applicable to the tun 

ing of radio apparatus generally, it finds immedi 
ate utility in connection with radio equipment 
used on military and transport aeroplanes where 
the radio apparatus is usually mounted at some 
Convenient centralized location and arranged for 
full control by the pilot in the cockpit. For this 
purpose, it has been customary to operate the 
tuning controls of the radio apparatus through 
flexible shafting, which has been found satisfac 
tory where the length of shafting is not too great. 
On the other hand, when the length of shafting is 
greater than 15 feet, the remote control becomes 
very troublesome. The present invention obvi 
ates the use of such flexible shafting and per 
mits the radio apparatus to be controlled from 
more than one point. 
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Referring to Fig. 1, the block 10 represents in 

schematic form a control panel located for ex 
ample in the cockpit of an aeroplane, while the 
rectangle represents the location of the radio 
apparatus and its motor mechanism at Some 
point remote from the cockpit. As shown, the 
control panel is connected to the radio apparatus 
by three wires 2, 3, 4. These wires terminate 
at the panel in a potentiometer resistance 5, 
and at the remote point in a similar potentiom 
eter resistance 6. Each of the resistances is 
provided with an adjustable slider arm contact 

, 8, which are interconnected by the wire 4, 
through the intermediary of the three-point 
manual switch 9, the input coupling circuit of 
amplifier 20, and one winding 2 of any well 
known form of induction generator 22. The other 
winding 23 of this generator is fed with an al 
ternating current of uniform amplitude from an 
oscillator 24 which is bridged across the con 
ductors 2, 3. 
The rotor 25 of the induction generator is 

mechanically connected to the armature 26 of 
the reversible follow-up motor 27. The wind 
ing 2 is connected into the balancing bridge 
circuit in Such a direction to supply a signal 
which tends to oppose rotation of motor 27. The 
number of revolutions per minute of armature 
26 is therefore a direct function of the amount 
of current flowing through the winding 2 of the 
induction generator 22. As this current de 
creases, the rotor 25 becomes less and less effec 
tive in assisting the rotation of armature 26. In 
other words, as the current through winding 2 
decreases, there is a corresponding increase of the 
slowing down of the armature 26. Eventually, 
when the current through winding 2 becomes 
Zero, the armature 26 is stopped thus providing a 
Smooth dead beat control action on the rotation 
of arrnature 26. 
The resistances f and 6 are interconnected 

with the oscillator 24 to form a Wheatstone 
bridge, consequently the magnitude of the cur 
rent flowing through winding 2 of the induction 
generator, will be dependent upon the extent of 
unbalance of the bridge. When the bridge is 
completely balanced, no current flows through 
winding 2, the gain of amplifier 20 is reduced to 
a minimum, and no current flows through the 
armature 26 which therefore comes to rest. The 
armature 26 is connected through suitable re 
duction gearing 28, to the tuning control or con 
trols 29 of the radio apparatus 30. The armature 
26 is likewise connected through suitable reduc 
tion gearing (not shown) to the slider arm 8. 
Likewise, slider arm f is geared through suitable 
reduction gearing (not shown) to the calibrated 
control knob. 3. Consequently, when the pilot 
turns knob 3 to a new setting, the bridge is 
unbalanced causing follow-up motor 26 to oper 
ate in the desired direction depending upon the 
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direction of the current flowing through the con 
ductor 4 to the amplifier 20. Preferably, al 
though not necessarily, all the electric power is 
derived from a low voltage D. C. source, such as 
a 28 volt storage battery. This low voltage can 
be converted into suitable higher voltages in the 
well-known manner, to Supply the necessary Op 
erating potentials for the electron tubes in an 
plifier 20 and for the oscillator 24, which may be 
designed to generate for example at a medium 
low frequency of 300 C. P. S. 

Preferably, the unbalanced bridge current is 
applied to the input of amplifier 20 so as to con 
trol the gain thereof in the manner to be de 
scribed in connection with the embodiment of 
Fig. 2. With the combination of controls illus 
trated in Fig. 1, the follow-up motor 27 continu 
ously decreases its speed as the bridge approaches 
its balance point and the rate of decrease is pro 
portional to the rate of decrease in the unbalance 
bridge current, thus providing a smooth dead beat 
control action on the movement of the tuning 
control 29. 
In certain cases, it is desirable, instead of requiring the pilot manually to rotate knob 3 

to a precise setting, to allow him merely to oper 
ate a button for such setting. For this purpose, 
the switch 9 is turned to close a circuit through 
contact 32 which renders effective a series of 
tapped resistors 33 bridged across the conductors 
2, 3. Each tap of the resistor 33 is connectable 

to a corresponding push button 34, to contact 32, 
and thence to conductor 4. Each of the but 
tons 34 can be allocated to a particular frequency 
channel to which the radio set 30 is to be tuned 
so that the operation of a button for a new set 
ting unbalances the bridge and causes follow-up 
motor 27 to turn the tuning control 29 to the 
desired setting as described above. This arrange 
ment is particularly convenient, for example in 
flying a certain airway route since the various 
radio range stations are represented by the but 
tons 34 which can be arranged in the order in 
which the stations are located on the route. The 
pilot can thus tune to the desired navigational 
stations in succession, by simply depressing a 
push button 34 each time he enters the operating 
zone of a new station. It will be understood of 
course, that the buttons 34 are of the automatic 
locking and unlocking type so that when one but 
ton is operated, it releases the previously oper 
ated button. It will be understood that such a 
push button arrangement, instead of being per 
manently connected in circuit as shown in Fig. 
1, can be mounted in a strip and provided with 
a suitable plug and jack arrangement as Sche 
matically shown in Fig. 3, so that each strip of 
buttons previously adjusted to the selected groups 
of stations can be plugged in for any desired navi 
gational course. When it is desired to revert to 
manual tuning by knob 3, switch 9 is turned to 
close on contact 35, thus connecting the desired 
control potentiometer 5, 7, in circuit. 

If operation is desired from more than one 
control point, the switch 9 may be provided with 
one or more additional contacts 36 which can 
be connected to a potentiometer arm a coop 
erating with a corresponding potentiometer re 
sistance 5a and calibrated knob 3 a. at the ad 
ditional control point. The resistance Sa is 
bridged across the conductors 2, 3, and the 
slider arm Ta is ganged to the knob 3a in the 
manner above described for the corresponding 
elements 7 and 3. 

Referring to Fig. 2, there is shown in schematic 
detailed form a typical amplifier 20 and OScil 
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4. 
lator 24 that may be used in the system of Fig. 1. 
However, in Fig. 2, the manner of controlling the 
follow-up motor 2 is somewhat different. In 
Fig. 2, the pilot's control potentiometer 5, 7, 
and the remote-controlled potentiometer 6, 8, 
are the same as in Fig. 1 and together with the 
conductors 2, 3, 4, and oscillator 24, they con 
stitute an automatically balanced Wheatstone 
bridge. However, the induction generator wind 
ing 2 of Fig. 1 is omitted. The oscillator 24 may 
be of any well-known type, comprising for example 
a pair of grid-controlled electron tubes 38, 39, 
which are connected in push-pull relation to the 
primary winding of an audio frequency coupling 
transformer, the Secondary 40 of which is bridged 
across conductors 2 and f3. The oscillator tubes 
38 and 39 are arranged to generate, preferably 
a medium frequency alternating current for ex 
ample of 300 C. P. S. The amplifier 20 may con 
sist of the two conventional amplifier stages 4, 
42, the input of stage 4 being controlled from 
the secondary winding 43 of the transformer 44, 
whose primary is energized in accordance with 
the unbalance current of the bridge. This am 
plifier also preferably includes an additional push 
pull relay control stage comprising the tubes 45, 
46. The control grid or input circuits of the tubes 
45 and 46 are connected in push-pull relation 
by means of transformer 47 to the output of am 
plifier tube 42, and these control grids of tubes 
45 and 46 are also supplied through condenser 
48 with a portion of the 300 C. P. S. voltage from 
oscillator 24. Connected in the plate circuits of 
tubes 45 and 46 in push-pull relation are the 
windings 49, 50, of respective electromagnetic 
relays each having an armature 5, with associ 
ated fixed contacts. 
The arnatures 5 and 52 together with their 

associated contacts act in the nature of a revers 
ing Switch for reversing the direction of current 
flow through armature 26 of the follow-up motor 
27 which preferably has a permanent magnet 
D. C. field structure 53. The unbalance current 
from the bridge, corresponding to a new setting, 
after being amplified in amplifier tubes 4, 42, 
reaches the input circuits of control tubes 45 and 
46, where it is added to or subtracted from the 
A. C. voltage which is supplied directly from the 
oscillator 24 through condenser 48. Consequently, 
an unbalance of the control potentiometers in one 
direction will increase the plate current of tube 
45 and will operate relay armature 5 f; while an 
unbalance in the opposite direction will increase 
the plate current of tube 46 and will operate relay 
armature 52. It will be observed that the pos 
itive terminal 54 of the low voltage D. C. source 
which supplies the D. C. potential for the elec 
trodes of the various tubes, is also connected to 
the relay contacts 55, 56, and thence through the 
corresponding relay armature 51, 52, to the motor 
armature 26. Thus, motor 27 can be controlled 
as to direction of rotation depending upon which 
one of the relays 49, 50, is energized and therefore 
of course depending upon the direction of un 
balance in the potentiometer bridge circuit. 
When the plate current of tubes 45, 46, is below 
a predetermined minimum level, the relays 49, 50, 
are not energized sufficiently to attract their ar 
matures 5, 52, which therefore remain in engage 
ment with contacts 59 and 60. In order to pre 
vent hunting of the armature 26, the electron 
emitting cathode 5 of amplifier tube 42 is con 
nected to ground through a cathode load resistor 

i5 58, So that the plate current of the amplifier tube 
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42 flows through this resistance. The ungrounded 
end of this resistance is also connected to the 
relay contacts 59, 60, so that the resistance 58 is 
effectively connected in series with the motor 
armature 2 when either one of the relays 49, 50, 
is energized. Consequently, the negative bias of 
the control grid 6 of tube 42 with respect to its 
cathode 57 is not only a function of the plate cur 
rent of tube 42 but is also a function of the cur 
rent flowing through the motor armature 26. 
In the well-known manner, the voltage drop 

across resistor 58 is applied to the cathode 57, 
so as to decrease the gain of this amplifier stage 
whenever motor current flows through resist 
ance 58. By this arrangement, the amplifier 
system is maintained at high sensitivity when 
no current is flowing through the armature 26. 
However, when an unbalance of the bridge oc 
curs and current flows through the armature 26, 
the sensitivity of the amplifier is greatly re 
duced. In other words, at the beginning of the 
follow-up operation, as SOOn as the bridge is un 
balanced, current begins to flow through arma 
ture 26 but immediately thereafter the gain of 
amplifier 42 is reduced by resistance 58 causing 
relays 49 and 50 to retract their armatures 
against contacts 59 and 60, thus disconnecting 
the motor armature from the D. C. terminal 54. 
Immediately thereafter, the bias on cathode 56 
is changed since the armature current no longer 
flows through resistance 58 and the sensitivity 
of the amplifier 42 is again restored. Thus, the 
motor 27 operates in a rapid series of Small steps 
controlled by the rapid opening and closing of 
the relays 49, 50, whenever the unbalance cur 
rent of the bridge is Small. However, when a 
large unbalance bridge current exists, the larger 
signal is applied to grid 60 but the plate current 
of tube 42 is not entirely cutoff or neutralized by 
the bias which is applied to cathode 57 from re 
sistance 58. Consequently, for large values of 
unbalance bridge current, the relays 49 and 50 
are held in their operated position to maintain 
a circuit through the motor armature 26 and the 
motor therefore operates at full speed. As the 
balance point is approached however, the input 
signal to grid 6 is reduced and the gain reduc 
tion determined by the voltage drop through re 
sistance 58, again takes control and the above 
described "nibbling' action of the relays 49 and 
50, occurs, thus slowing down the motor prepara 
tory to its stopping at the correct balance point. 
in other words, for large unbalanced conditions 
of the bridge, the motor 27 operates substantially 
continuously at relatively high speed because of 
the high level signal applied to grid 6 from the 
bridge. As the balance point is reached, the 
Relays 49 and 50 take control and cause the 
anotor to be operated in a rapid series of small 
;tegs until the balance point is reached. This 
Errangerent has been found to be quite suc 
cessful in practice and results in relatively fast 
and accurate positioning of the tuning control 
29 of the radio apparatus 30. 
While in the drawing the potentioneter arms 
7, 8, are shown as traversing the respective 

potentiometer resistances in a single traverse, 
it will be understood that the arms 7, 8, may 
be connected to a lead Screw arrangement or 
the like, requiring for example ten complete 
turns to traverse the complete length of the re 
spective potentiometer resistances. It has been 
found that with such an arrangement, it is pos 
sible to set the shafts of the tuning elements 29 
by remote control as above described to within 
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plus or minus is degree of any desired position. 
If the devices 29 are for example tuning con 
densers of the 180° rotational type, this enables 
the tuning range to be divided into a minimum 
of 1800 parts. Consequently, on radio range 
operation where the coverage is continuously 
from 200 to 400 kilocycles, a reset accuracy of 
plus or minus .11 kilocycles is possible. 
Various changes and modifications may be 

made in the disclosed embodiments without de 
parting from the spirit and scope of the inven 
tion. 
What is claimed is: 
1. An automatic follow-up system for a de 

vice to be automatically set in different selec 
tive positions, comprising a follow-up motor for 
Operating said device, a source of follow-up volt 
age whose initial amplitude corresponds to the 
extent to which the device must be operated from 
a previous setting to a new setting, an electron 
tube amplifier for said follow-up voltage, a sepa 
rating motor supply circuit controlled by the 
output of said amplifier, gain control means for 
Said amplifier and means automatically ener 
gizing said gain control means to control the 
sensitivity of Said amplifier jointly by the plate 
to-cathode current of Said amplifier and by the 
power current flowing through the motor. 

2. An automatic follow-up System according 
to claim 1 in which the means for controlling the 
gain of said amplifier comprises a bias control 
resistor which is connected in common in the 
plate-to-cathode circuit of the amplifier and in 
series with the power current flowing through 
said motor. 

3. An automatic follow-up System according 
to claim 1 in which the means for controlling the 
gain of said amplifier comprises a bias resistor 
through which the plate-to-cathode current of 
said amplifier flows and through which the ar 
mature current of the motor also flows. 

4. An automatic follow-up system according to 
claim 1 in which the means to control the gain 
of said amplifier comprises a grid bias resistor 
connected as a cathode load for said amplifier, 
means also connecting said resistor in series with 
the D. C. armature circuit of said motor, and a 
relay for controlling the opening and closing of 
said armature circuit, said relay maintaining said 
armature circuit open except when a predeter 
mined minimum current flows in the output of 
Said amplifier. 

5. An automatic follow-up System according 
to claim 1, in which the means to control the 
gain of said amplifier comprises a grid bias re 
sistor connected as a cathode load for the am 
plifier, means also connecting said resistor in 
series with the D. C. armature circuit of said 
motor, a pair of relays for controlling the closure 
of said armature circuit and for controlling the 
direction of current flow through said armature, 
said relays maintaining said armature circuit 
open except when a predetermined minimum 
current flows in the output circuit of said ampli 
fier. 

6. An automatic follow-up System for a de 
vice to be automatically set in different posi 
tions, comprising a follow-up motor for operat 
ing said device, a source of control voltage, means 
to derive from Said source a follow-up voltage 
of variable amplitude, means to derive from said 
source another control voltage of uniform am 
plitude, an electron tube network upon which 
both said control voltages are impressed to de 

5 rive a resultant whose magnitude and polarity 
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correspond to the extent to which the motor is to 
be operated and to its required direction of oper 
ation, said network comprising at least one grid 
controlled tube amplifier, a pair of relays for con 
trolling the supply of D. C. current to said notor, 
said relays being selectively responsive to the 
polarity of said resultant, and means controlled 
by said relays for varying the gain of Said ampli 
fier, the last-mentioned means including a cath 
ode load resistor for said amplifier, the current 
through said load resistor being composed in 
part of the plate-to-cathode current of said an 
plifier tube and of the motor current. 

7. An automatic follow-up system according 
to claim 6 in which the gain of Said amplifier 
is adjusted in accordance with said follow-up 
voltage and said D. C. motor current so that for 
large values of follow-up voltage the said relays 
are maintained operated to cause the said motor 
to operate at full speed, and as the follow-up volt 
age becomes smaller the said relays alternately 
open and close to cause the said motor to operate 
in a rapid series of incremental steps. 

8. An automatic follow-up system according to 
claim 6 in which said relays are connected to 
said resistor to decrease the gain of Said ampli 
fier for large magnitudes of said follow-up volt 
age, and to increase the gain for follow-up volt 
ages below a predetermined minimum. 

9. An automatic follow-up system for a device 
to be automatically set in different positions, 
comprising a follow-up motor of the reversible 
D. C. type, a pair of electromagnetic relays for 
opening and closing the D. C. Supply circuit of 
said motor and for controlling the polarity of 
current flow through the motor armature, a pair 
of grid-controlled relay tubes for selectively con 
trolling Said relays, a source of alternating cur 
rent, means to derive from said source a follow 
up signal which is proportional to the extent to 
which said device is to be moved from one set 
ting to another setting, means including a grid 
controlled amplifier tube to apply said follow 
up signal in opposite phases respectively to the 
grids of Said relay tubes, means to apply in like 
phase to said grids a signal of uniform ampli 
tude from said alternating current source, said 
electromagnetic relays having their windings 
connected in divided balanced relation in the 
respective output circuits of said relay tubes, gain 
control means for said amplifier, means to en 
ergize said gain control means jointly by the 
plate-to-cathode current thereof and by the 
armature current of said motor. 

10. An anti-hunting arrangement for auto 
matic follow-up systems and the like, comprising 
a follow-up motor, a source of alternating con 
trol current, means to derive from Said source 
an alternating current follow-up signal, a pair of 
grid-controlled electron tubes, means to apply the 
follow-up signal in balanced opposed phase to 
the grids of Said tubes, means to apply to the 
Said grids in like phase an alternating current 
signal of uniform amplitude from said source, a 
pair of relays having their windings connected 
in divided balanced relation in the output cir 
cuits of said tubes, a D. C. power circuit for the 
armature of said motor and controlled by said 
relays, a grid-controlled amplifier for said foll 
low-up signals, control means for controlling the 
sensitivity of said amplifier, and means to ener 
gize said gain control means by the armature 
currents of said motor and by the plate cathode 
current of the amplifier. 

ll. An anti-hunting arrangement for follow 
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8 
up systems and the like, comprising a variable 
speed D. C. reversible follow-up motor, a source 
of follow-up signals, an amplifier for said sig 
nals, a motor power supply circuit, means to con 
tinuously apply said signals to close said motor 
power Supply circuit to rotate said motor at 
relatively high continuous speed for large values 
of follow-up voltage and automatically to open 
the motor circuit when the follow-up voltage 
drops below a predetremined level, and means to 
open and close said motor circuit in rapidly 
successive steps as said follow-up voltage ap 
proaches zero from said predetermined level, the 
last-mentioned means including a resistor which 
is connected in common to the motor supply cir 
cuit and to the cathode return circuit of said 
amplifier to control the sensitivity of said ampli 
fier in accordance with the levels of said follow 
up voltage. 

12. An anti-hunting arrangement according to 
claim 11 in which the last-mentioned means in 
cludes a grid-controlled amplifier tube and a pair 
of relays, Said relays having contacts for con 
necting a cathode load gain control resistor for 
Said amplifier tube in series with the armature 
of the motor. 

13. An automatic follow-up system for a device 
to be automatically positioned, comprising a foll 
low-up motor for operating the device, an en 
ergizing circuit for applying operating current to 
Said motor, means to develop a follow-up voltage 
whose magnitude corresponds to the extent to 
which the device is to be moved from one setting 
to another, an amplifier for said follow-up volt 
age, gain control means for said amplifier for 
controlling the sensitivity thereof, means con 
trolled by said amplifier follow-up voltage to open 
and close Said motor energizing circuit, and 
means to energize said gain control means jointly 
by the follow-up voltage impressed upon said 
amplifier and by the said motor operating cur 
rent to bring said device to said other setting by 
maintaining the motor energizing circuit con 
tinuously closed for large magnitudes of follow 
up voltage while rapidly opening and closing the 
motor circuit for low values of follow-up voltage. 

14. Apparatus for controlling a follow-up 
notor for a remotely controlled device, con 
prising a Source of follow-up signals, an amplifier 
for Said signals said amplifier having a cathode 
load element, a power supply circuit for said 
motor, and means connecting, said load element 
common to the amplifier and motor power circuit 
for controlling the sensitivity of the amplifier in 
accordance with the level of the follow-up signals 
applied to the input of said amplifier and in ac 
cordance with the power current flowing through 
the motor. 

FRANCIS L. MOSELEY. 
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