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without taking his hand from the wheel, while 

20 Claims. 

This invention relates to devices for tuning ra 
dio receivers in which tuning is effected by power 
means adapted to be set in operation by manu 
ally actuated means and adapted automatically 
to be rendered inoperative when the receiver has 
been tuned to the carrier wave of a broadcasting 
station received with sufficient strength. I call 
this general type of station selection "stop-on 
carrier tuning.” The manually actuated means 
suitably comprises means controlling the change 
of an electric current or voltage and may be lo 
cated at a point remote from the receiver. For 
example, it may be a manually actuated switch 
which is preferably located in remote relation 
to the receiver, being connected thereto by means 
of a cable. 
The invention also relates to means for se 

curing the proper timing and for equalizing and 
narrowing the electrical impulses which cause 
automatic stoppage on the carrier to effect more 
exact and uniform tuning. 
The invention is very advantageous for tuning 

all varieties of radio receiver. It facilitates re 
mote control and provides simple automatic tun 
ing which does not require manual adjustments 
for setting up pre-selected stations. 
The invention is very advantageous for effect 

ing automatic tuning for automobile or other 
portable radio receivers where the receiver may 
be moved out of the vicinity of certain broad 
casting stations and into the vicinity of others. 
As the form of automatic tuning of this invention 
will tune in the stations whose carrier waves are 
of Sufficient strength to cause stoppage of the 
power means driving the tuning element, it is 
not necessary to re-set the device to tune in a 
new set of stations when the geographical loca 
tion of the receiver is changed. The device au 
tomatically tunes in the stations broadcasting 
Carrier Waves of sufficient strength, regardless 
of what particular stations they may be, within 
the tuning range of the receiver. 
As tuning from one station to another is ef 

fected merely by pressing a button, the tuning 
operation may be performed by the driver of 
an automobile without taking his eyes from the 
road. He may simply continue to operate the 
tuning button until he hears the desired station. 
This greatly enhances the safety of radio receiver 
Operation by the driver of an automobile. As 
Only a button - or switch connected to the re 
ceiver by two small flexible wires is required for 
performing the tuning operation, this can be 
very conveniently mounted directly on the steer 
ing column, where the driver may operate it 
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the receiver may be mounted at any other suit 
able location in the automobile. 
The invention is, of course, also adapted to the 

automatic tuning of stationary or home types 
of receiver, and also may be remotely operated in 
other ways. Also, many of the features described 
in connection with automobile sets are similarly 
advantageous for home receivers. 
The invention will readily be understood from 

the following description of preferred embodi 
ments thereof, taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a wiring diagram of a radio receiver 
embodying my invention. 

Fig. 2 is a graphical illustration of tuning 
curves illustrating voltages obtained in certain 
circuits of the receiver in Fig. 1, shown plotted 
against frequency. 

Fig. 3 is a partial wiring diagram illustrating 
tuning control means adapted to start the rota 
tion of the condensers in either of two directions, 
and showing a modification of part of the circuit 
shown in Fig. i. 

Fig. 4 is a modification of the arrangement of 
Fig. 1, in which the motor circuit is opened by 
the relay spring. 

Fig. 5 is a further modification of this invention 
ploying very powerful automatic gain con 

rol. 
Fig. 6 is a partial wiring diagram of an alter 

nating current radio receiver embodying a com 
bination of features of Figs. 1 and 5. 

Referring to Fig. 1, the receiver shown is a 
Superheterodyne receiver. Specifically, it repre 
sents the Philco superheterodyne receiver built 
expressly for the 1938 Ford automobile. It will 
be understood that this receiver is shown by 
Way of example only, since the present invention 
may be applied to any superheterodyne or to any 
other radio receiver. 
The receiver comprises an antenna O, a radio 

frequency amplifying tube f, which is a No. 78 
tube; a first detector and Oscillator tube 2, 
which is a No. 6A tube; an intermediate fre 
quency tube f3, which is a No. 78 tube; a diode 
detector and first audio tube 4, which is a No. 75 
tube; a power tube 5, which is a No. 42 tube; 
a speaker 6; and a 'B' power supply, desig 
nated by the reference numeral T, which in 
cludes a rectifying tube 8, which may be a No. 
84 tube. Energy is supplied to the set from the 
battery 9, being controlled by a switch 20, which 
is physically connected to the volume control. 2. 
The set includes transformers and other radio 
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w devices of conventional nature which need no 
particular description. The set is tuned by a 
gang 22 of three condensers which serve to tune 
the antenna circuit, the grid circuit of the first 
detector 2, and the oscillator circuit. The ro 
tors of the condensers are mounted on a shaft 2 
which rigidly carries a gear 24. The gear 2 is 
driven by a worm 25 mounted on a shaft 26, which 
may be provided with a knob. 2 for manual tun 
ing. . 3 : - 

To provide for the mecianical drive of the con 
densers, I rigidly mount on the shaft 26 a gear 
28, which gear meshes with a pinion 29 which is 
carried by a short shaft 30. The shaft 30 carries 
projecting clutch elements 3 which are adapted 
to be engaged by corresponding clutch elements 
32 on the shaft 33 of a reversible motor 34. The 
armature of the motor 34 is biased away from the 
shaft 3D. This may suitably be done by brushes 
34 which bear resiliently against the armature. 
When the motor 34 is energized, the flux moves 
the armature against the tension of the brushes 
34s so that its clutch elements 32 are moved 
into the path of the clutch elements 3. Inne 
diately the motor is de-energized, the brushes 
move the clutch elements 32 out of the path of 
the clutch elements 3 so that the inertia of the 
armature does not tend to make the condenser 
overrun. In this way, the tendency of the con 
denser to overrun is substantially limited to the 
inertia of the condenser rotor and the drive 
means connected therewith. . 
While any type of reversible motor 34 may be 

employed, in the embodiment shown I employ a 
direct current reversible motor having two wind 
ings 35 and 36, both of which are connected by a 
lead 37 to the battery lead 38. This connection 
is located on the side of the Switch 20 remote 
from the battery 9. I prefer to connect a 
grounded condenser 39 to the lead 3 to attenu 
ate high frequency disturbances. The other ends 
of the windings 35 and 36 are connected by means 
of conductors 40 and 4 respectively to a single 
pole, double throw snap switch 42. This switch 
is also connected by a conductor 3 to a contact 

of a relay 45. The snap switch 42 serves to 
connect the conductor 43 to one or the other of 
the windings 35 and 36 so as to cause one or the 
other of these windings to be energized to rotate 
the motor in one direction or in the opposite di 
rection. The switch 42 is adapted to be thrown 
in one direction or the other by means of pins 6 
and 47. Thus, when the switch 42 is in the posi 
tion shown in Fig. 1, the winding 35 will be en 
ergized so as to cause the motor to drive in the 
direction corresponding to the arrow shown on 
the gear 24. When the motor has thereby moved 
the condensers almost to their extreme position, 
the pin 46 engages the switch 42 and snaps it so 
as to connect the conductor 43 to the Winding 
36. Consequently, the direction of rotation of 
the motor 34 is reversed and the drive will occur 
continuously or intermittently, as will hereinafter 
be more fully explained, until the pin throws 
the switch 42 back into the position in which it 
is shown in Fig. 1, again reversing the direction 
of rotation of the motor. It may here be noted 
that the movements of the condenser are inter 
rupted when the set is tuned to stations of pre 
determined strength and are resumed by manual 
actuation. The movement of the condensers oc 
curs, however, in progressive steps until they ar 
rive at an extreme position, whereupon the direc 
tion of rotation of the motor is reversed and the 
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2,269,218 
successive step-by-step movements of the con 
densers are executed in the opposite direction. 

the armature 48 of the relay is is adapted to 
engage the contact 44 and also the contacts 9 
and 50 when it is in the position shown in Fig. i. 

When 
the relay 45 is energized to a sufficient degree, the 
armature 48 is withdrawn from the contacts 43, 
49, and 50. The armature 48 is grounded and 
the contact 4 is connected through a resistor 52 
and condenser to ground to prevent arcing and 
sticking at the contact 44. 
The winding of the relay 5 is connected to 

one of the plates 5 of a tube 55, which is a 
6F8-G, having two cathodes 56 and 57, a plate 
B which is associated with the cathode 56, a 

grid 59 which cooperates with the cathode 56, 
and another grid 60 which cooperates with the 
cathode 5 and plate 54. This tube is employed 
as a diode-triode tube, the plate 5 being con 
nected to the cathode 56 which is connected 
through a condenser 6 to ground. The grid 60 
is by-passed through a condenser 62 to ground 
and is connected through a resistor 63 to the 

- cathode 5. The cathode 5 and the resistor 63 
are connected through a resistor 54 to the con 
tact S. The contact 50 and the resistor 6 are 
connected through a resistor 65 to a resistor 66, 
which is connected to the cathode of the tube 5. 
The cathode of the tube 5 and the resistor 66 
are connected to a conductor 5. The other end 
of the resistor 66, that is, the end which is con 
nected to the resistor 5, is connected to a re 
sistor 68, which is grounded. The cathode 5 is 
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connected to a conductor 9. 
The conductors 6 and 69 pass through a cable 
which may be of any suitable length to pro 

wide a suitable location for One or more operat 
ing switches . These switches are normally 
closed and they are effective so that when either 
of them is opened, the motor 34 is started and it 
continues to operate as long as the Switch or 
switches remain open. When the circuit is closed 
by removing the finger from the operated switch 
T, the motor continues to operate until a sta 
tion of considerable strength is tuned in, where 
upon the motor ceases to operate. It will read 
ily be seen that any number of switches T may 
be provided and they may be located at various 
positions for operation by the driver or any of 
the passengers in an automobile, when the in 
vention is incorporated in an automobile re 
ceiver. Such switches may be used with re 
ceivers in the home, and the cable T may be of 

55 any desired length so that the radio listener may occupy any position and still have complete Con 
trol of the tuning of the receiver. 
A transformer 2, located between the inter 

mediate frequency tube 3 and the diode detector 
and first audio tube 4 comprises, the usual wind 
ings 73 and 74 in close-coupled relationship, and 
an additional winding 5 in relatively loose-coll 
ped relation thereto. One end of the winding 
S is connected to the grid 59. The other end 
of the winding is is connected to one end of the 
winding 74, that is, the end which is remote from 
the end which is connected to the two diode plates 
of the tube 4. The winding T5 is tuned by an 
adjustable fixed condenser is to the intermediate 
frequency. 
The resistors TT and 78 are connected by a 

conductor 8 to the grids of the tubes and 2 
so as to apply a negative voltage thereto to auto 

... natically control the volume. Resistors TS’ and 
s may be included in the circuits as shown. 
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The effect of the automatic volume control thus 
applied to the tubes if and 2 has the effect of 
leveling to a large degree the voltages depicted 
on Fig. 2, which are derived from signals of vary 
ing strength. Thus, the voltages shown in the 
right-hand part of Fig. 2 may be derived from a 
signal having a signal strength at the antenna of 
the order of a hundred times that of the signal 
from which the voltages shown on the left-hand 
side of Fig. 2 are derived. Thus, the application 
of automatic volume control renders the curves 
82 very similar and results in a relatively uniform 
intermediate frequency signal from all received 
stations, irrespective of very great differences in 
signal strength. By the use of especially power 
ful A. G. C., such as will be described with ref 
erence to Fig. 5, weak and strong stations may 
be made to produce signals of substantially simi 
lar appearance. However, when this is done, the 
condenser will stop with equal facility on relative 
ly weak and strong stations alike. Therefore, 
some difference must be preserved between the 
signals if it is desired to have the condenser stop 
only on the stronger carriers. A sensitivity con 
trol f for adjusting the stop-on-carrier system 
to stop only at stations of a greater than pre 
determined signal strength is shown in Fig. 1. 
Moving the adjustable contact ' upward causes 
the condenser to stop on weaker stations, while 
moving the contact B' downward causes the 
condenser to stop only on stations giving a more 
powerful signal. 
The operation is as follows: 
When the set is inoperative, the relay 45 is 

de-energized and the armature 48 is in the posi 
tion shown in Fig. 1. When the switch 20 is 
closed, the motor circuit is complete through the 
conductor 37, one or the other of the windings 
35 or 36, the switch 42, conductor 43, contact 44, 
and armature 48 to ground. Consequently, the 
condensers are rotated in one direction or the 
other. At the end of their movement, the direc 
tion is reversed, and this condition continues 
until the tubes warm up to energize the relay 45 
with sufficient strength to attract the armature 
48 from its initial position. This occurs when 
the condenser is tuned to a station which will 
provide a signal of greater strength than a pre 
determined minimum. If desired, a manually 
operated or time delay switch 37a may be in 
cluded in the conductor 37 to prevent the motor 
4 from operating until the filaments have 
warmed up and current flows in the relay 45. 
The diode detector elements of the tube 4 will 
pass current in one direction between the cathode 
and twin plates of the diode, Owing to their con 
nection through the resistances 77 and 78, thus 
establishing a voltage drop across these resist 
ances. Consequently, the diode detector 4 sup 
plies to the plate 59 a negative bias. This nega 
tive bias is shown graphically for two different 
stations of different strength on Fig. 2, being 
designated by the reference numeral 79. On the 
graph shown in Fig. 2, the position of resonance 
of the intermediate frequency signal with the 
natural resonance of the circuits containing the 
windings and 75 is shown on the abscissa at 
aero. 
To provide high fidelity reception from the loud 

speaker f6, the curve 79, which represents the 
selectivity characteristics of the intermediate 
frequency circuits supplying the detector 4, must 
be fairly broad at the top. The addition of the 
winding 75 establishes a mutual inductance be 
tween this winding and the winding 78. The 
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result is that the curve 9 tends to have a dual 
peak, as shown in Fig. 2. The depth of the de 
pression between the dual peaks may be regul 
lated by the degree of coupling between the wind 
ings 5 and 3. Closer coupling will accentuate 
this central depression. The strength of the 
effective signal is increased thereby, but too close 
a coupling will cause distortion. 
It will be understood, of course, that the nega 

tive bias applied to the grid 59 which is used as 
the plate of the diode element in the tube 55, 
from the diode detector 4, does not cause current 
to flow in the circuit containing the diode 
cathode 56 and the diode plate 59. In order for 
such current to flow, it is necessary to apply a 
positive voltage to the plate 59, which is greater 
than the negative voltage supplied from the diode 
4. This requisite positive voltage is derived 

from the winding 75 which is loosely coupled to 
the winding 73, and it is shown graphically on 
Fig. 2, being designated by the reference numeral 
80. Owing to the fact that the winding 75 is 
part of a low loss circuit, loosely coupled to the 
windings 73 and 74 and tuned to the intermediate 
frequency, the curve 80 is quite sharp. It will 
be understood that the curve 80 corresponds to 
the selectivity characteristics of the tuned circuit 
containing the winding 75; therefore, the positive 
portion of the intermediate frequency signal is 
impressed on the plate 59 in accordance there 
with. This positive voltage is the effective voltage. 
In Fig. 2, the curves 82 represent the algebraic 

sum of the negative and positive! voltages indi 
cated by points on the curves 79 and 80, respec 
tively, on the same vertical line. It will thus be 
seen that the curves 82 represent the voltage 
effective for causing rectification in the diode 
section of the tube 55 to impress a positive bias 
on the grid 60. 

Referring to the left hand side of Fig. 2, it will 
be noticed that up to approximately two kilo 
cycles on each side of the optimum tuning posi 
tion, that is, the position of the condensers cor 
responding to Zero position on this graph, there 
is no possibility of current flowing in the rectifier 
circuit connected to the plate 59 and the cathode 
56. The same is substantially true with the case 
of a much stronger signal, as shown on the right 
hand side of Fig. 2. The horizontal line 8 on 
this figure corresponds to the minimum positive 
voltage necessary to be applied to the plate 59 
to cause rectification to occur and sufficient cur 
rent to pass resulting in a sufficient positive volt 
age being applied to the grid 60 to cause the 
armature 44 of the relay 45 to break the motor 
circuit and stop the rotation of the tuning con 
denser. It is apparent that this line intersects 
the two curves 82 at points 83, which are close 
to the same distance from the optimum tuning 
position indicated by zero. It will thus be seen 
that the curves of effective voltage 82 are made 
of Substantially equal width at the base and of 
fairly similar widths at an operating level indi 
cated by the line 8 by means of this invention. 
The wide sloping base portion of the curve 80 is 
cancelled by the similar portion of the curve 79, 
thus completely eliminating this broad, inexact 
portion of the signal. It thus becomes possible 
to approach similar widths of signal by reducing 
the height of the operating level 8 by increasing 
the sensitivity of the relay or varying the bias 
on the grid 60. 

It may here be pointed out that the sensitivity 
control f6 functions in the following manner: 
When the slider 6' is moved downwardly, the 
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control grid of the tube f is made more negative. 
As this is a variable mu tube, this results in re 
ducing the mu of the tube or its amplification. 
This will reduce the height of the curves T and 
80, and therefore the height of the curve 82 with 
relation to the operating level line 8. Thus, the 
signal of certain weak stations will correspond 
to a curve 82 which is not high enough to reach 
the operating level line 8. These stations will 
then not be tuned in by the stop-on-carrier sys 
tem. If, on the other hand, the slider f' is 
raised to a higher level, the weaker stations will 
produce curves 82 projecting above the operating 
level line 8 and will then cause the relay 45 to 
stop the condenser on their carrier waves. Thus, 
the sensitivity control 6 functions to cause the 
condenser to stop or fail to stop On the weaker 
stations, as desired. 

It will readily be seen that the endwise moving 
parts of the motor 34 and the gang of condensers 
22 have a certain inertia which causes the con 
densers to continue to move for a brief interval 
after the motor circuit is broken. These parts 
can be readily constructed so that the overrun 
brings the condenser substantially to the position 
of optimum tuning; that is, the position corre 
sponding to the Zero line in Fig. 2. When the 
curve 82 is very narrow, it is desirable to con 
struct the condenser drive mechanism, the dis 
engaging clutch 3' and 32, and the rotating parts 
of the motor 34 so that the condenser will come 
to a stop as quickly as possible after the open 
ing of the contacts 44. It is also desirable under 
these circumstances that the relay armature 48 
be of small inertia and the relay as a whole be 
constructed for quick operation. 
When the motor is running, that is, when the 

armature 48 is in the position shown in Fig. 1, 
the grid 60 is about ground potential. At the 
same time, the cathode 57 is at a potential higher 
than ground, owing to the drop across the re 
sistors 66 and 68. When, however, a voltage 
greater than that corresponding to the line 
on Fig. 2 is applied to the plate 59, a current 
flows in the rectifier circuit, including the cath 
ode 56 and the plate 59, which renders the grid 
60 positive to a sufficient degree to induce a plate 
current through the winding of the relay 
which is sufficient to attract the armature 48 
and open the motor circuit. As previously ex 
plained, the opening of the motor circuit corre 
sponds to a point such as one of those indicated 
at 83 on Fig. 2, and the inertia carries the con 
densers on to a slight extent so that they are 
located very substantially to the Optimum tuned 
position corresponding to the Zero position on 
Fig. 2. 
When the relay 48 moves away from its posi 

tion shown in Fig. 1, the circuit of the contact 
50 is broken, with the result that the grid 60 
is made strongly positive, thus ensuring the ener 
gization of the relay 45 while that station is 
tuned in, notwithstanding that the signal of the 
station may fade below that corresponding to 
the line 8 on Fig. 2, or even if the station ceases 
broadcasting entirely. 

It will be noted that when the motor 49 is 
operating, the grid of the power tube f is 
grounded, and consequently the receiver is muted 
until the relay 45 is again energized to withdraw 
the armature from the contacts 44, 49 and 50. 
When a station is being received, the armature 

48 is held by the relay 45. When one or the 
other of the switches T is opened, the ground 
connection of the cathode 5 is opened, thus in 
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2,262,218 
terrupting the plate circuit which was energizing 
the relay 45. Consequently, the spring 5 moves 
the armature 48 into the position shown in Fig. 1 
and the motor operates as long as the switch 

is held open. After the switch is closed, 
the motor continues to operate until a carrier 
of sufficient strength to actuate the relay 45 is 
again received, whereupon the receiver will re 
ceive that station until the set is turned of or 
one of the switches is opened. 
The embodiment of the invention illustrated 

in Fig. 3 is intended to exemplify an A. C. set 
in which an alternating current motor 84 is em 
ployed. The windings of this motor are con 
nected to a contact 85 of the relay 8, which is 
comparable to the relay 45 of the embodiment 
shown in Fig. 1. One pair of windings of the 
motor 84 are connected to a conductor 87 which 
is connected to a leaf 8 of a reversing switch 
89. The other pair of windings are connected 
by a conductor 90 to another leaf 9 of the switch 
89. Between the leaves 88 and 9 is a leaf 92 
which is actuated by the armature 93 of a relay 
94. The airmature 93 is biased away from the 
relay 94 by a spring 95 so that the leaf 92 nor 
mally makes contact with the leaf 88. The leaf 
92 is connected to one end of the secondary of 
a transformer 96, the other end of which is 
grounded. The primary of the transformer 96 
is supplied by alternating current from the 
mains, the object of the transformer 96 being 
to reduce the voltage to suitable proportions for 
the operation of a small split phase capacitor 
motor, such as 84. The armature 93 is also rig 
idly connected to a leaf 97 which is adapted to 
cooperate with a leaf 98. The leaves 9 and 98 
are out of contact when the relay 94 is de-ener 
gized, and they are in contact when the same 
is energized. 
The two sets of windings of the motor 84, that 

is, the sets which are connected to the conduc 
tors 8 and 90, respectively, are connected 
through a capacitor 99. It will readily be un 
derstood that when current is supplied to the 
lead 87, the motor 84 will rotate in one direction, 
whereas when current is supplied to the lead 9, 
the motor will rotate in the opposite direction. 
Consequently, the direction of rotation of the 
motor depends primarily on the state of ener 
gization or de-energization of the relay 94. It 
may here be noted that in the embodiment of 
the invention illustrated, the motor 84 tends to 
rotate the gang of condensers 22 in the clock 
wise direction or to the right when the relay 
94 is de-energized. When this relay is energized, 
the motor tends to operate to the left or in the 
counterclockwise direction, as viewed in Fig. 3. 
The secondary of the transformer 9 is also 

connected to the winding of the relay 94 and 
this winding is also connected to a leaf 00. 
The leaf is normally in contact with the 
shorter leaf , which is connected by a con 
ductor 2 to the leaf 9. The conductor f02 
is also connected to a conductor f3, which may 
be one of three long conductors which may pass 
through a cable 4, the other two conductors 
being designated f and . The cable 04 
may be of any suitable length and it may be 
provided at its end with a remote control unit 
designated generally by the reference numeral 
O. This remote control unit may comprise 
any suitable container having two leaves 8 and 

9, which are normally biased into engagement 
with contacts and respectively. The con 
tacts and are connected by a conductor 
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f2. The two leaves 0 and 9 are adapted 
to be actuated by two buttons 8 and re 
spectively in such a manner that when the but 
tons are pushed inwardly, the leaves 8 and 
O9 move away from the contacts lie and ff, 

respectively. When the button l is thus de 
pressed, it brings the leaf 08 into engagement 
with a contact 5. Preferably, the contact 
is somewhat resilient so that it follows the leaf 
f08 to a limited extent, remaining in engagement 
therewith until the leaf f has engaged the 
contact 5. The leaf 08 is connected to the 
conductor 05 and this conductor is preferably 
grounded at the set. The contact S is con 
nected to the conductor 03. The leaf 9 is 
connected to the conductor iOS. The conductor 
06 is connected to a resistance. 35, the opposite 

end of which is grounded. - 
The gang of condensers is indicated by the 

reference numeral 22, as in the previous embodi 
ment of the invention. The shaft 23 of the gang 
carries opposite arms which carry pins 8 
and 9 which are analogous to the pins 46 and 
47 of the embodiment of the invention shown in 
Fig. i. It will be noted that when the condenser 
rotors move in the counterclockwise direction, 
as viewed in Fig. 3, into one extreme position, 
the pin f 9 engages the long leaf OO and sepa 
rates it from the leaf of, thereby breaking the 
circuit of the relay 94, allowing the leaves 92 
and 9 to attain the position shown in Fig. 3 
which has, as will hereinafter be more fully ex 
plained, the effect of reversing the direction of 
rotation of the motor and causing the condenser 
shaft 23 to turn in the clockwise direction. 
When the shaft is thus rotated in the clockwise 
direction nearly to the full movement of the gang 
of condensers, the pin 8 engages the long leaf 
00 and carries the contacting leaf 0 into con 

tact with a leaf 20, which is normally out of 
engagement with the leaf 0. 
grounded. 
The leaf 98 is connected to a contact 2 by a 

conductor 22. A contact 23 is located adjacent 
the contacts 85 and 2 so as to be engaged by 
the armature 24 of the relay 86 when that relay 
is disengaged. The armature 24 is biased into 
engagement with these contacts by a spring 25. 
The armature 24 is grounded. The contact 23 
is analogous to the contact 49 of the previously 
described embodiment and it serves to mute the 
Set when the armature 24 is in engagement with 
the contacts 85, 2 and 23 during the operation 
of the motor 84. 
In this embodiment of the invention, I provide 

a diode 26, which may be regarded as one of 
the diodes of a No. 6H6 tube, and a D. C. ampli 
fying tube 27, which may be a No. 76 tube in 
stead of the diode-triode tube 55 of the embodi 
ment shown in Fig. 1. The elements of the tubes 
are given the same numbers as in Fig. 1. The 
plate 59 of the tube 26 is connected to the tuned 
winding 75, which is loosely coupled to the wind 
ing 73. This, together with the closely coupled 
winding 74, constitutes the transformer 72 be 
tween the intermediate frequency tube and diode 
detector and first audio tube, as in the previously 
described embodiment. 
The conductor 22 is connected through a re 

sistor 28 to the cathode 56 of the tube 26. 
This cathode is connected to the grid to of the 
tube 27 and is by-passed to ground through a 
condenser 29. The cathode 57 of the tube 2 
is connected through a resistor 30 to a conduc 

The leaf 20 is 
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tor f3, which is connected to the B supply 32 
and the winding of the relay 86. The winding 
of the relay 86 is also connected to the plate 54 
of the tube f2. The cathode 5 of the tube 2 
is connected to ground through resistors f3, 34, 
and 35 in series. The conductor f 22 is con 
nected by the resistor 36 to the adjacent ends 
of the resistors 33 and 34. The conductor 
is connected by a conductor 3 to the common 
ends of the resistors 34 and 35. 
When the set is inoperative, the relay is 

deenergized and the armature 93 is in the posi 
tion shown in Fig. 3. The armature 24 is in 
engagement with the contacts 85, 2 and 23. 
When energy is supplied to the receiver, which 
may be done by means of a Switch corresponding 
to the switch 20 in the previously described emi 
bodiment, current is supplied from the trans 
former 96 through the leaf 92 and leaf 88 to the 
conductor 87, motor coils, contacts 85 and 24 
to ground. Consequently, the motor operates to 
drive the Shaft 23 to the right or in the clock 
wise direction, as viewed in Fig. 3. When the 
pin 8 is thus brought into engagement with the 
leaf 00, the leaf 00 and the leaf of are brought 
into conductive relation with the grounded leaf 
20. The result is that the armature 93 is at 

tracted and current is now Supplied to the con 
ductor 90 of the motor 84, thus causing the mo 
tor to operate in the reverse direction; that is, 
to the left. The leaves of and 20 separate in 
mediately this reverse direction begins, but the 
relay 94 remains energized through the leaves 
OO and 0 , which are connected to ground 

through the conductor O2, leaves 97 and 98, con 
ductor 22, contact 2, and armature f 24. The 
movement of the gang of condensers to the left 
is thus maintained until the pin 9 separates 
the leaves OO and 0, thus breaking the circuit 
of the relay 94 and allowing the armature 93 to 
attain the position shown in Fig. 3, which adapts 
the device for condenser operation in the clock 
wise direction. Consequently, the tuning device 
moves from one extreme position to the other 
until the tubes are heated up sufficiently to bring 
in a station with Sufficient strength to stop the 
motor, in Substantially the same manner as de 
scribed in connection with the embodiment of 
Fig. . 
As in the previously described embodiment, no 

current flows between the plate 59 and the cath 
ode 56 until the plate 59 becomes positive relative 
to the Cathode 56. When plate current flows 
through the resistor 28 to ground through the 
contact 2 and armature 24, a certain positive 
potential is applied to the grid 60 so that it may 
become more positive. When a signal which 
gives a curve 82 (Fig. 2), which is greater than 
the voltage corresponding to the line 8, is re 
ceived, sufficient current flows through the relay 
86 to energize it and the armature 24 is with 
drawn from the contacts 23, 2, and 85, and 
the motor circuit is broken. When the armature 
24 moves away from the contact 2, B voltage 

is applied through resistor 30, resistor 33, re 
sistor 36, and resistor 28 to the grid 60, so that 
a still larger current flows through the relay 86, 
maintaining this relay energized indefinitely even 
if the received signal fades or ceases. The re 
sistor 35 is preferably quite large in comparison 
to the resistors 33 and 34, but is quite small 
compared with the resistor 30. The resistor -35 
is not normally in the circuit of the cathode 57, 
since the resistor 34 is grounded through cons 
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ductors 37, 106, ff2, and fo5. This ground cir 
cuit is interrupted when either of the two built 
tons f and 4 is pressed, with the result that 
the relatively large resistor 35 is introduced into 
the plate circuit, reducing the current through 
the relay 86 to such an extent that the armature 
24 is released. It will be noted that the switches 

in the previously described embodiment open 
the plate circuit. In the present embodiment, \, 

2,262,218 
- may be omitted, the conductor. ff2 being 
connected directly to the conductor f. 

In the embodiment of the invention shown in 
Fig. 4, the reference numera - indicates the 

5 last intermediate frequency tube, the plate of 
which is connected to the primary 39 of a trans 
former 4, which is analogous to the trans 
former 2 of the previously described embodi 
ments of the invention. The secondary 4 of 

the introduction of the high resistance 3 into 10 this transformer, which is closely coupied to the 
the plate circuit is distinctly analogous and has 
the same effect. 
When the button 4 is pressed inwardly, it 

merely has the effect of introducing the resistor 
f35 into the plate circuit of the tube 27. Con 
sequently, the motor will operate towards the 
right, and if the button 4 is held inwardly, the 
rotor of the condenser 22 will be driven to the 
right, until at last the pin it comes in contact 
with the leaf f and starts the motor to the left 
in the manner previously described; that is, 
through the energization of the relay 94. When 
this relay is energized, the button 4, being still 
pressed inwardly, it is locked in energized rela 
tion through leaves , , conductor 2, 
ieaves 9 and 98, conductor 22, contact 2, and 
armature 24. If the button f4 is still main 
tained pressed, the pin 9 breaks the circuit of 
the relay 94 and movemeat of the condenser to 
the right is again resumed. If, at any point of 30 
the cycle thus described, the button 4 had 
been released, the motor would continue to tune 
the set until an arresting carrier was tuned in. 
This arresting carrier would result in energiza 
tion of the relay, the stopping of the notor , 
and the de-energization of the relay 4, if it were 
in a state of energization. 
As has previously been remarked, the contact 

preferably follows the leaf 8 when the 
button f3 is pressed inwardly until the leaf 8 
has engaged the contact S. When the button 

is pressed inwardly, the relay 4 is ener 
gized, the circuit being as follows: secondary of 
transformer 9, relay 4, conductor 2, con 
ductor , contact U, leaf 8, and conductor 45 

5. Consequently, the motor is brought into 
Operation to drive the gang of condensers 22 to 
the left, and this movement is continued as 
long as the button f is pressed inwardly. If 
it is maintained pressed inwardly until the pin 
f moves the leaf away from the leaf O, 
the relay 4 will be de-energized and the motor 
4 will start to the right until the leaves EOD 
and are again brought into contact. Thus, 
any chance of injury to the motor is prevented 
by providing for the reversal of the motor at 
both ends of the throw of the gang of con 
densers. 

It will be understood, of course, that if the 
button 3 is pressed inwardly and then re 
leased, the gang of condensers 22 will start nov 
ing to the left and the motor 84 will be ar 
rested when a carrier wave of sufficient strength 
is brought in. 

It will be understood that the contact ff) may 
be stationary so .that the motor can be started 
to the right by depressing the button f 3 suf 
ficiently to disengage the pole from the con 
tact f. If the button f is further depressed 
so as to bring the leaf into engagement with 
the contact S, the motor will start to the left. 
Consequently, I may have one button 3 or a 
plurality of similar buttons arranged in parallel, 
each of which can start the motor to the right 

55 embodiment, but it 
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primary 3, is connected to the diode plate 42 
and through resistors 43 and 44 to the cathode 
f45, which is located in the tube 46 with the 
diode plate 2. The tube 46 also includes the 

5 triode elements, that is, the grid f47 and the 
- plate 4. The grid 4 is connected to the ad 

jacent ends of the resistors (43 and 44. The 
secondary winding 4 and the resistor 43 are 
connected through a resistor f49, condenser 50, 

20 and a volume control i? to the grid of the first 
audio frequency tube 52. The rectifier plate 
4 of the tube is connected to one end of a 
winding fit, which is loosely coupled to the 
transformer 4, being analogous to the winding 

25 of the previously described embodiments. 
The winding 53 is tuned to the intermediate 
frequency by the condenser f. The end of the 
winding 53 remote from its connection to the 
plate is connected through a resistor SS to 
ground and is also connected to the grid SB 
of the tube 5. The cathode 58 of the tube 
f5 is connected through resistors 59 and SD 

- to ground. The common ends of the resistors 
59 and 6- are connected by the conductor is 

35 to a contact f2. A plate fit of the -tube 57 
is connected through the relay 68 to the B 
supply 6. The end of the winding of the relay 
remote from its connection to the B supply 69 
is connected through a resistor 7 to a pole 

40 of the normally open switch T2. When the 
pole is manually depressed, the resistor T 
is grounded. A contact. 73, which is located 
adjacent the contact 2, is connected by a con 
ductor f to the grid circuit of the audio fre 
Quency tube, aot shown. A contact TS, which is 
located in alignment with the contacts B2 and 

, is connected by a conductor TS to the 
motor (not shown). When the relay BB is en 
ergized, the armature TT is moved into engage 

50 ment with the contacts 2, 73 and TS, there 
by muting the receiver, driving the motor, and 
increasing the energization of the relay f ss. It 
will thus be seen that this relay is is quite 
analogous to the relay 45 of the first described 

operates in the opposite di 

When the button f is depressed, the motor 
starts operating, snd when a carrier of sufficient 
strength is received, the flux of the relay B 

60 decreases and the armature TT is moved away 
from it by a spring E. The removal of the 
arnature f from the contact S2 decreases 
still further the flux of the relay f is, thus pro 
widing a locking effect. This locking effect can, 
however, be obtained in other ways; for example, 
the armature TT may be arrested by a stop TT 
sufficiently far away from the relay is so that 
the current necessary to energize the relay is 
so as to move the arnature towards the re 
lay, is much greater than the current strength 
at which the relay Breleases the armature T 
under the action of the spring 78. The opera 
tion is as follows: 
When energy is supplied to the set, the con 

or the left, as desired. In this case, the button is denser remains inoperative until the tubes We 
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up. If the condenser is tuned for the reception 
of a station of sufficient strength, that station will 
be received. If the switch f is closed, B cur 
rent flows through the relay coil 6 and re 
sistor 70, and the grounded relay armature 
will be brought into engagement with the con 
tacts 62, 73 and 75, and the motor will operate 
as long as the contact is depressed. It will be 
understood that the motor may be reversed in 
the manner described in connection with Fig. 1. 
If the switch f is opened after being pressed 
momentarily or for a longer period, the motor 
continues to operate until a carrier wave of suf 
ficient strength is received, which carrier wave 
has the effect of decreasing the plate current of 
the tube S7, so that the spring 78 opens this re 
lay and terminates the operation of the motor. 

It will be understood that the cathode 45 and 
the plate 42 constitute the second detector of 
the receiver. This diode circuit creates a volt 
age drop across the resistors f43 and 144, with 
the result that the grid f4 is more negative 
than the cathode 45. The signal strength is 
proportional to the drop of potential across the 
resistor 44, so that the stronger the signal, the 
greater is the negative voltage applied to the 
grid f47 relative to the voltage of the cathode 45. 
Thus, the stronger the signal, the greater is the 
tendency for the grid 47 to oppose the passage 
of plate current between the plate 48 and the 
cathode 45. The negative voltage applied to 
the grid 47 varies in the general manner shown 
by the curve 79 on Fig. 2, it being understood, 
however, that the curve 79 involves the ampli 
fication factor of the triode elements 45, 47 and 
48, which constitute a grid controlled rectifier. 
The positive component of the loosely coupled 
winding 53 is applied to the plate 48 and has 
a characteristic corresponding to the curve 0 of 
Fig. 2. Consequently, the plate current, corre 
sponding in magnitude to the curve 2 of Fig. 2, 
will flow between the plate f and the cathode 

5 when a station of sufficient magnitude is 
brought in. This plate current passing through 
the resistor 55 lowers the voltage of the grid 56 
So that the plate current of the tube fST is re 
duced sufficiently to effect the withdrawal of the 
armature T from the contacts 2, 73 and 75 
under the action of the spring 78. It will be un 
derstood that the station thus received may fade 
or sign off without the relay 8 being energized 
sufficiently to again attract the armature 77. 
The reason for this is that the contact 62 is no 
longer grounded and has the effect of increasing 
the positive bias of the cathode 58, thereby de 
creasing the current flowing through the relay 
68, and furthermore, the armature T is re 
moved from the position of strongest flux of the 
relay 68. 

In the previously described embodiments, a cer 
tain negative automatic gain control or A. G. C. 
voltage is applied to the grids of certain of the 
earlier tubes of the receiver for the purpose of 
varying their gain or amplification to secure au 
tomatic gain or volume control. Since the re 
Sulting reduction of the gain on stronger signals 
reduces the A. G. C. voltage, the various received 
signals, while rendered very much more uniform 
in strength, still show considerable differences 
after amplification between the signals produced 
by a weak and a strong station. This is exem 
plified in Fig. 2, where the strength of the signal 
illustrated on the right is approximately double 
the strength of the signal illustrated on the 
curves of the left of this figure, 
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I have discovered that I can attain much great 

er uniformity of signal for stop-On-carrier tun 
ing by applying the negative A. G. C. voltage to 
the grid of a radio frequency or intermediate fre 
quency amplifier not located in front of the cir 
cuit in the amplifier supplying energy to the 
A. G. C. rectifier. In other words, a more power 
ful A. G. C. effect can be obtained from a tube 
which does not contribute to the amplification of 
the signal operating the A. G. C. rectifier. This is 
true because the reduction of amplification of this 
tube does not reduce the A. G. C. voltage as is the 
case when the tube precedes the A. G. C. rectifier. 
I call this form of automatic gain control "after 
A. G. C.’ to differentiate it from the ordinary 
A. G. C. applied to a tube which is before the 
A. G. C. rectifier and through which the signal 
operating the A. G. C. rectifier must pass. By 
employing both "before' and "after' automatic 
volume control, I may obtain control voltages for 
stop-On-carrier which are very close to uniform 
ity for all received stations. By operating in this 
manner, I produce a stop-on-carrier receiver 
such as that illustrated in Fig. 5, which may cause 
all the signals, both weak and strong, which will 
affect the stop-on-carrier system, to operate very 
much alike. 

Referring to Fig. 5, the reference numeral 79 
designates the last intermediate frequency tube, 
which is coupled by a transformer 80 to the sec 
ond detector and first audio frequency tube 8. 
The detector circuit of the tube f8 f includes re 
sistors 82 and 3 from which are derived nega 
tive voltages which are applied by conductors 84 
to the grids of certain of the earlier tubes in the 
receiver. A conductor 85 is connected to the two 
resistors 82 and 83 and to a coil 86 which con 
sists of a few turns tightly coupled to the pri 
mary of the transformer 80. The coil 86 is 
Connected to the grid of an intermediate fre 
quency amplifying tube 87, which is outside the 
radio receiver circuit. That is, the tube 87 and 
the tube 88 to which it is connected through the 
transformer 89, have no part in the conveyance 
or amplification of the audible signal. The 
transformer 89 is loosely coupled and its wind 
ings are sharply tuned to the intermediate fre 
quency, which has the effect of narrowing the 
resonance curve for the signal passing through 
the tube 87. Consequently, the tube 88 will 
Only draw substantial plate current when the in 
termediate frequency signal is near the resonant 
frequency of the transformer 89. Furthermore, 
on account of the "before' and “after' A. W. C., 

is the maximum value of the signal of the tube 88 
is substantially the same for all effective stations. 
The current delivered by the tube 88 passes 
through a relay f$0, which controls the motor 
circuit 9. 
The relay 90 is biased open by a spring 92, 

and when the relay 90 is opened, its armature 
93 makes contact with the motor circuit 9. 
It may here be noted that the motor circuit may 
be completed as in the modification of Fig. 1. 
When the motor circuit is closed, an armature 
93, which is grounded, engages a contact 194 
which is connected by a conductor 95 to the grid 
circuit of the second audio tube, not shown. 
Consequently, when the motor is operating, the 
set is mute. When the armature 93 is in en 
gagement with the motor circuit 9 and the con 
tact 94, it opens a switch 96. This switch is 
arranged to close when the relay f 90 is energized. 
One side of the switch 96 is connected through a 
resistor 97 to the plate of the tube 88 and to 
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one end of the winding of the relay f 90. The 
other end of the winding of the relay 90 is con 
nected to the B Supply. The cathode of the tube 
f88 is connected through a resistor f 98 to the 
other side of the switch 196. The common point 
between these elements is grounded through a 
normally, closed Switch 99. 
The operation is as follows: When energy is 

Supplied to the set, the motor circuit being closed, 
the motor runs in the manner described with re 
spect to the embodiment of Fig. 1, unless a de 
layed switch 37a is provided. It will be under 
stodd that the gang of condensers reverses auto 
matically, as in the embodiment illustrated in 
Fig. 1. The audible signal passes through the 
tubes 79. and 8 and through the triode plate 
of the latter tube to other audio frequency tubes 
and to the speaker. The automatic volume con 

0. 

5 

trol applied by the conductors 84 to the earlier 
tubes of the receiving set has the effect of re 
ducing very greatly the difference of strength of 
signal reaching the tube 8. The 'after" A. G. C. 
voltage applied by the conductor 85 to the tube 
87 may be adjusted to render substantially equal 

signals appearing in the tube f88 from all sta 
tions above a certain signal strength. Substan 
tial equality may be obtained by properly pro 
portioning the resistors 82 and 83 to impress 
the desired portion of the voltage drop across 
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these resistors on the grid of the tube f87. These 30 
resistors may also be proportioned so as to get 
any desired ratio less than equality between the 
signals produced by the strongest and the weak 
est stations to be received. It is even possible to 
make the signal of a strong station produce a 35 
smaller signal in the tube 88 than would be pro 
duced by a weaker station. It is generally desir 
able to approach equality between weak and 
strong stations for the purpose of very exact 
tuning. In addition to the equalizing effect of 40 
the after A. G. C., the loose coupling and sharp 
resonance of the primary and secondary circuits 
of the transformer 89 may be adjusted to make 
the stop-on-carrier signal highly selective; that 
is, to narrow the width of the motor stopping sig 
nal in terms of degrees of condenser rotation. 

It will be understood that when the plate cur 
rent of the tube f88 is sufficient; that is, when 
the intermediate frequency produced by a station 
of sufficient signal strength closely approaches . 
the adjusted frequency of the transformer 89, 
the armature 93 is moved away from the motor 
contact and from the contact 194, so that the 
motor stops and the station may be audibly re 
ceived. When the relay f 90 is energized, the 
plate current flows from the B supply through 
the winding of the relay f 90, the tube 88, the 
resistor 98, and the switch 99. The relay 90 
is energized during the reception of a station. 
The switch 96 is then closed and a parallel cir 
cuit is completed from the B supply through the 
winding of the relay f 90, the resistor 97, the 
switch 96, and the switch 199. Consequently, 
when the switch 99 is opened, both of these cir 
cuits are interrupted and the relay 90 is de 
energized so that the motor tunes in another sta 
tion. It will be understood that the additional 
circuit just referred to has the effect of locking 
the relay 90 during the reception of a station 
until the switch 99 is opened manually. w 
The embodiment of the invention illustrated in 

Fig. 6 comprises a radio frequency tube 260, an 
oscillator and first detector tube 26, a first in 
termediate frequency tube 262, a combined diode 
263 and second intermediate frequency elements 
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264 enclosed in a single tube 265, a double diode 
266, which may be a No. 6H6 tube, a first audio 
frequency tube 26T, which is connected to other 
audio frequency tubes or the loud speaker, and a 
gas tube 268, which may be a No. 884 tube. The 
last named tube may be considered as being out 
of the set since it is merely used for the control 
of the relay 269. The set is tuned by a motor 27 
which controls the position of three condensers 
27, 272 and 273, which may be arranged in a 
gang, as in the first described embodiment of the 
invention. The condensers control a switch 24, 
which is analogous to the switch 42 of Fig. 1, and 
which is actuated at extreme positions of the 
condenser to reverse the motor, thereby reversing 
the direction of movement of the condenser. The 
motor 270 is supplied with current from power 
lines through a transformer 275. When the re 
lay, 269 is de-energized, the armature 276 is re 
tracted by a spring 277 so as to ground a conduc 
tor 278 which is connected to the motor 
270 through the switch 274 and a conduc 
tor. 279, which has the effect of muting the set 
in the manner described with reference to the 
previously described embodiments. When the 
relay 269 is energized, the armature 276 is at 
tracted and breaks the motor and muting cir 
cuits. 
The plate of the diode 263 is connected through 

a winding 280, which is grounded through re 
sistors 28 and 282, which provides a negative 
A. W. C. voltage. This voltage or part thereof 
is applied in the "before' or 'after' A. W. C. 
previously described. Thus, the maximum nega 
tive voltage is applied through a resistor 283 to 
the grid of the tube 260. A lesser degree of nega 
tive voltage which corresponds to the voltage . 
drop across the resistor 282 is applied through re 
sistor 284 to the grids of tubes 26 and 262. A 
still lesser amount of the negative voltage, be 
ing that corresponding to a part of the voltage 
drop across the resistor 282, is applied to the grid 
of the intermediate frequency tube elements 264, 
this being the position at which the 'after' 
A. W. C. is applied. The winding 280 consists of a 
few turns closely coupled to the primary of a 
transformer 285, which connects the plate cir 
cuit of the tube 262 to the grid of the intermediate 
frequency amplifying elements 264 in the tube 
265, 
For the reasons set forth above, the "before" 

and "after' A. W. C. gives a signal in the plate 
circuit of the intermediate frequency elements 
264 which can be made substantially equal for 
all received stations, strong or weak. This sig 
nal passes through the primary of a closely 
coupled transformer 286, the secondary of which 
is located in the plate circuit of one of the diodes 
288 in the tube 266, this secondary being in series 
with a resistor 287. The diode 288 serves as the 
detector for the set, and the negative side of the 
resistor 287 is connected through a resistor 289, 
condenser 290, and volume control 29 to the grid 
of the first audio tube 27. The negative or plate 
side of the resistor 28 is also connected through 
a winding 292 to the plate of the diode 293 in the 
tube 266. The cathode of the diode 293 is 
grounded through a resistor 294. The positive 
side of the resistor 28 is also grounded. The 
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cathode of the diode 293 is also by-passed through 
a condenser 295 to ground. This cathode is also 
Connected through a resistor 296 to the grid of 
the gas tube 28. The grid of this gas tube is 
also by-passed to ground through a condenser 
29. 
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. The plate of the gas tube 268 is connected 
through the winding of the relay 26 to the B 
supply. The B supply is connected through a 
high resistance 298 to the cathode of the tube 
288. The cathode of the tube 268 is connected 
through a resistor 299 to the normally closed 
manually actuated switch 00, the other side of 
which is grounded. 

It will readily be understood that the plate. 
of the diode 28 is subjected to a negative voltage 
derived from the voltage drop across the resistor 
28, which voltage drop corresponds to one of 
the curves 79 in Fig. 2. The plate of the diode 
293 also receives an intermediate frequency sig 
nal, the positive phase of which corresponds to 
one of the curves 80 in Fig. 2. Consequently, the 
positive phase of the voltage across the coil 292 
impressed upon the plate of the diode 293 is in 
dicated by one of the curves 82 on Fig. 2. It may 
here be noted that the effect of the “before' and 
"after' A. W. C. is to render the two sets of 
curves shown in Fig. 2 and the corresponding 
curves for both strong and weak stations very 
much more uniform. The further result is that 
all of the Curves 82 for received stations can be 
made practically uniform, both as to height and 
breadth. As previously described, it is also pos 
sible by applying various portions of the voltage 
drop across the resistors 28 and 282 as “after' 
A. W. C. to establish any desired ratio of signal 
between the strongest and weakest signals ef 
fective on the grid of the tube 286 to be received. 
For instance, the effective signal of the strongest 
station to be received might cause a voltage 
change only twice as great as the weakest signal 
to be received, although the corresponding sig 
nals, as received on the antenna of the set, may 
have a tremendously greater difference. 
When a station is being received, current flows 

in the gas tube 268, the relay 269 is energized, 
the motor circuit is broken, and the mute circuit 
is open. When the switch 300 is opened, the 
plate circuit of the tube 268 is broken and the 
armature 276 is released. Consequently, the 
notor operates until the switch 300 is allowed to 
close again. After the switch 300 closes (and it 
may here be noted that it may be opened mo 
mentarily only), the motor continues to operate 
until a carrier wave of adequate strength is re 
ceived, whereupon rectified current flows through 
the resistor 294, thereby making the cathode end 
of the resistor 294 positive. This positive voltage 
is communicated through the resistor 296 to the 
grid of the tube 268. The resistor 296 and con 
denser 297 serve as time filter circuits which pre 
vent the tube 268 from responding to static or 
other undesired electrical disturbances of ex 
tremely brief duration. It will be noted that the 
grid of the tube 268 does not need to become posi 
tive with respect to the cathode of this tube in 
order to start the current through the relay 269. 
It merely needs to have its negative bias reduced 
below a certain point determined by the charac 
teristics of the tube, the plate voltage applied, 
etc. This reduction of negative voltage on the 
grid of the tube 268 is attained when a received 
carrier gives a signal corresponding to the curve 
82 (Fig. 2) of magnitude greater than a certain 
value, for example, that corresponding to the 
line 8 on this figure. 
As has been previously described, the opening 

of the switch breaks the plate circuit of the 
tube 268, resulting in starting the motor 270. 

O 
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tor continues to operate until the next station 
of sufficient strength is tuned in.. - 

It will be understood that the tube 268 passes 
its full plate current as soon as the negative volt 
age of its grid falls below the value which pre 
vents ionization. In other words, the grid acts 
as a trigger controlling the plate current, but 
Once ionization is established and plate current 
flows, the plate circuit must be interrupted, the 
plate voltage reduced below the ionization point, 
or the negative bias on the grid enormously in 
creased to stop the flow of plate current. This 
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quality of the gas tube therefore provides simi 
lar locking characteristics to those obtained in 
the other embodiments by special locking cir 
cuits. The action of the gas tube 268 is very 
rapid. Its time characteristics, however, can be 
controlled by means of the time constant of the 
filter circuit composed of the resistor 296 and 
condenser 29. Increasing the resistance of the 
resistors and the capacity of the condensers in 
creases the time interval, and vice versa. The 
time filter circuit connected to the grid of the 
tube 26 should be soproportioned that the action 
of the tube 268 is as rapid as possible, but still 
slow enough so as to require a signal of appre 
clable duration to cause it to ionize. In other 
Words, it should work as rapidly as possible on 
a continuous carrier wave, but should not re 
spond to static or other undesired disturbances 
of negligible duration. 
There are certain considerations pertaining to 

the time interval between the instant at which 
the signal is tuned closely enough to resonance 
to effect the interruption of the motor circuit and 
the instant that the condenser comes to a full 
stop, which should be considered for proper op 
eration of this invention. Lag or delay tending 
to prolong this interval can occur in several 
Ways. First, the filters employed in connection 
with rectifiers contributing to the stop-on-carrier 
signal must not have too long a time constant 
if the quickest possible stoppage is desired. Of 
course, the characteristics of the whole system 
must be considered. If a sharp selective stop 
On-carrier signal is employed, then the distance 
or time available between the effective stop-on 
carrier signal and arrival at the peak of the 
carrier wave is very short and the time constants 
of all portions of the system must be made very 
Small to prevent passing the peak of the car 
rier before complete condenser stoppage occurs. 
On the other hand, if the stop-on-carrier signal 
is relatively broad, then too quick action will 
result in condenser stoppage before the peak of 
the carrier is reached. Accuracy and uniformity 
of tuning are, however, facilitated by sharp tun 
ing of the carrier signal and corresponding re 
duction in the time lag all along the line. This 
procedure in connection with the equalization of 
the effective width of strong and weak signals 
is the preferred arrangement. 
When the time constants of the rectifiers are 

Sufficiently short, the next point of delay to be 
considered is the stop-on-carrier relay. The op 
eration of the relay may be accelerated by reduc 
ing the inertia of the moving parts, by reducing 
hysteresis and eddy current effects, and by sup 
plying a large sudden increase of plate current to 
provide a powerful relay action. It is also gen 
erally desirable to close the magnetic circuit of 
the relay for quickest action rather than to Open 
it. This means that fast action is obtained when 
energization of the relay stops the motor. It will 

After the switch 300 is allowed to close, the mo- 75 be understood that it is desirable also to reduce 
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the weight and inertia of the parts rotating with 
the rotor of the condenser. A considerable in 
ertia, however, is unavoidable in the armature or 
rotor of the motor employed in driving the con 
denser. It is therefore preferable to provide 
means whereby the condenser or other variable 
reactance can be brought to a full stop while the 
armature of the motor is still rotating. If a 
clutch is provided for this purpose, as shown in 
Fig. 1, it is desirable to reduce as far as possible 
the time required for the clutch to release. Other 
means of eliminating the effect of the motor 
armature inertia may also be employed, such as 
a friction drive between the motor and the cont 
denser with provision for abruptly stopping the 
condenser, while the armature may continue to 
rotate for a short interval by slippage of the 
friction drive. 

It will be further understood that the in 
portance of eliminating the stopping lag increases 
with the speed at which the motor turns the 
condenser. If this speed is quite slow, requiring 
for instance, ten or twenty seconds for a half 
revolution of the condenser rotor, the time lag 
may not need to be especially reduced. It night 
even be necessary to increase it. But it is de 
sirable to drive the condenser at relatively high 
speed so that only a brief interval is required 
to tune from one station to the next. This fa 
cilitates selecting the desired station by tuning 
from one station to the next in the shortest 
period of time. It is thought desirable for this 
purpose to turn the condenser one-half revolu 
tion in from two to not over five seconds, and it 
is desirable to work closer to the lower figure. 
To achieve the most rapid operation with exact. 

and uniform tuning, it is desirable that a given 
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number of degrees of condenser rotation should 
result in changing the tuning by a given number 
of kilocycles alike from the high to the low fre 
quency ends of the tuning range. For this pur 
pose, a condenser having a substantially straight 
line frequency characteristic, at least to within a 
short distance of the low frequency end, may be 
employed. To keep the straight line frequency 
characteristic all the way to the low frequency 
end might involve too great a structural dis 
advantage in the condenser, although it is de 
sirable otherwise. A variable inductance may 
also be employed for tuning, for instance, One in 
which the inductance is changed by varying the 
permeability or reluctance. In this case, a uni 
form change of frequency with rotation is of 
similar advantage. With slower tuning, this 
straight line frequency characteristic is of lesser 
importance, 
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Although the invention has been described in 
connection with the specific details of preferred 
embodiments thereof, it must be understood that 
such details are not intended to be limitative of 
the invention except insofar as set forth in the 
accompanying claims. m 

Having thus described my invention, I declare 
that what I intend to claim is: 

1. In combination with a radio receiver hav 
ing a power actuated tuining element, a grid con 
trolled gas tube having a cathode and plate, 
means for supplying a steady direct current volt 
age to the plate of the gas tube, fast acting di 
rect current means in the plate circuit of said 
tube actuated by a change in the direct plate 
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current of said gas tube to stop the movement 
of said tuning element substantially at reso 
nance, rectifying means and means for impress 75 
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ing a voltage from said rectifier on the grid of 
said gas tube to stop said tuning element. 

2. In combination. With a radio device having 
an adjustable control, electric power means for 
driving said control in both directions, a source 
of electric current therefor, relay means for 
stopping and starting said power means, a sec 
ond relay means for reversing said power means 
biased to normally operate said power means 
in one direction, Switch means for energizing 
said stop. and start relay means, switch means 
for energizing said reversing relay means, and 
means for manually operating one switch means 
to start in one direction and both said switch 
means to start in the other direction. 

3. In combination with a radio receiver, a 
tuning element, means actuated by a change in 
the plate current of a grid controlled electron 
tube to stop the movement of said tuning ele 
ment substantially at resonance, electric power 
means for driving said tuning element, a source 
of electric current therefor, relay means for 
stopping and starting said power means, a sec 
ond relay means for reversing said power means 
biased to normally operate said power means in 
one direction, switch means for energizing said 
stop and start relay means, switch means for 
energizing said reversing relay means, and means 
for manually operating one switch means to start 
in one direction and both said Switch means to 
start in the other direction. 

4. In combination, in a superheterodyne radio 
receiver having an intermediate frequency sec 
tion and a second detector, a shielding contain 
er, Second detector coupling means within said 
container, a power actuated tuning element, a 
grid-controlled electron tube, means actuated by 
a change in the plate current of said electron 
tube to stop said tuning element when the in 
termediate frequency signal is in substantial 
resonance with Said intermediate frequency sec 
tion, means including a pair of circuits tuned 
to the intermediate frequency housed within said 
container and having mutual coupling adapted to 
produce a first control voltage having a selec 
tivity curve with two peaks and a depression 
therebetween, means for deriving from said re 
ceiver a second control voltage having a single 
peak coinciding with said depression and exceed 
ing said first control voltage when a carrier sig 
na is closely tuned in, and means including rec 
tifying means for applying a voltage depending 
upon the difference between said first and second 
control voltages to said electron tube adapted to 
produce a change in the plate current of the 
electron tube. 

5. In a radio receiver, in combination, a vari 
able tuning element, a motor for operating said 
tuning element, a clutch connecting said motor 
to said tuning element, an ionizing gas tube hav 
ing a grid and plate, electrical means in the 
plate circuit of said gas tube for controlling said 
clutch, tuned coupling means deriving from said 
receiver a first control voltage having a selec 
tivity curve with two peaks and a depression 
therebetween, tuned coupling means deriving 
from said receiver a second control voltage hav 
ing a selectivity curve with a single peak coin 
ciding in frequency with said depression and ex 
ceeding first said control voltage when a carrier 
signal is closely tuned in, means including rec 
tifying means for applying a voltage depending 
upon the difference between said first and sec 
ord control voltages to said grid to ionize said 
tube when a carrier signal is closely tuned, there 
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by to cause said electrical means to disengage 
said clutch and stop said tuning means closely 
on said carrier signal. 

6. In a radio receiver having a variable tunn 
ing element, in combination, power means for 
driving said tuning element, relay means con 
trolling said power means and tuning element, 
said relay means being operable when deemergized 
tq render Said power means effective to drive the 
tuning element and when energized to stop said 
power means and tuning element, an ionizable 
gas tube having an output circuit connected to 
said relay means and a control grid, means con 
nected to said grid to supply it with a control 
voltage from the receiver for ionizing said tube 
and energizing said relay when a carrier signal 
is closely tuned in, a source of direct current 
connected to said plate circuit for maintaining 
said tube ionized and said relay means ener 
gized, and normally closed switch means in said 
plate circuit operable to open said plate circuit 
for deionizing said gas tube and deenergizing 
said relay means. 

7. In a superheterodyne receiver having vari 
able tuning means, in combination, a motor for 
actuating said tuning means, switch means con 
trollable by an operator for starting said motor, 
an intermediate frequency transformer having 
a primary winding tuned to intermediate fre 
quency, a tuned circuit coupled to the primary 
of said intermediate frequency transformer, said 
circuit being tuned to intermediate frequency 
and having a degree of mutual coupling to the 
primary of said transformer such that the selec 
tivity curve of the primary has two peaks with a 
depression therebetween and the selectivity curve 
of said tuned circuit has a single peak coinciding 
in frequency with said depression and the volt 
age of said tuned circuit exceeding that of said 
primary Only when a carrier signal is closely 
tuned in, a rectifier having a plate and a cathode, 
one terminal of said tuned circuit being connected 
to supply said plate with an intermediate fre 
quency voltage, other rectifying means energized 
from the primary of the intermediate frequency 
transformer and delivering a negative rectified 
voltage to said plate, a tube having a grid and 
plate with its grid connected to said cathode, and 
a relay operated by the plate current of said 
last tube for stopping the notor and movement 
of said tuning means when the positive phase of 
the intermediate frequency voltage exceeds the 
negative voltage by a definite amount. 

8. In a radio receiver having a variable tun 
ing element, in combination, power means for 
driving said tuning element, relay means adapted 
when energized to stop said power means and 
tuning element, an ionizable gas tube having a 
plate circuit connected to said relay means and a 
control grid, means connected to said grid to sup 
ply it with a control voltage from the receiver 
for ionizing said gas tube and energizing said re 
lay means when a carrier signal is closely tuned 
in, a source of direct current connected to the 
plate circuit of said tube for maintaining said 
tube ionized and said relay means energized, and 
a time delay circuit connected between said grid 
and control voltage source having a time con 
stant short as compared to the time of opera 
tion of said relay and long as compared to the 
duration of static impulses. 

9. In a radio receiver having variable tuning 
means, in combination, electrically actuated 
means for stopping and starting said tuning 
means, an electron tube having a plate circuit 
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connected to said electrically actuated means 
and a grid controlling the plate current for 
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operating said electrically actuated means, means 
including a pair of circuits tuned to the same 
frequency associated with said receiver and hav 
ing a mutual coupling adapted to produce a first 
control voltage having a selectivity curve with 
two peaks and a depression therebetween, means 
for deriving from said receiver a second con 
trol voltage having a single peak coinciding with 
said depression and exceeding said first control 
voltage when a carrier signal is closely tuned in, 
means including rectifying means for applying a 
voltage depending upon the difference between 
said first and second control voltages to said 
grid when said carrier signal is closely tuned to 
operate said electrically actuated means and stop 
said tuning means closely on said carrier signal, 
and means actuable by an Operator to operate 
said electrically actuated means to restart said 
tuning means. 

10. In a radio receiver having power actuated 
tuning means, in combination, a transformer 
having a tuned primary circuit and a tuned sec 
ondary circuit coupled thereto to cause the volt 
age selectivity curve of said primary to have two 
peaks and to cause the voltage selectivity curve 
of said Secondary to have a single sharp peak 
located with respect to frequency at the depres 
sion between the two peaks of the primary selec 
tivity curve and exceeding the Woltage of the 
double peaked selectivity curve when a station is 
closely tuned in, a thermionic tube having a grid 
and controlling said power actuated tuning 
means, and means including rectifying means 
for applying a control voltage dependent on the 
difference between the single peaked and double 
peaked voltages to the grid of said thermionic 
tube to stop said tuning means when a station 
is closely tuned in thereby. 

11. In a radio receiver having variable tuning 
means, in combination, power means driving 
said tuning means, relay means for stopping and 
starting said power and tuning means, an elec 
tron tube having a plate circuit connected to 
said relay means and a grid for controlling said 
plate current for operating said relay means to 
stop said tuning means, tuned coupling means 
deriving from said receiver a first control volt 
age having a selectivity curve with two peaks 
and a depression therebetween, tuned coupling 
means deriving from said receiver a second con 
trol voltage having a selectivity curve with a 
single peak coinciding in frequency with said 
depression and exceeding said first control voltage 
when a carrier signal is closely tuned, means in 
cluding rectifying means for applying a control 
voltage depending upon the difference between 
said first and second control voltages to said 
grid when said carrier signal is closely tuned to 
operate said relay means and stop said tuning 
means closely on said carrier signal, means in 
cluding a circuit controlled by said relay upon 
operation thereof to stop said tuning means for 
applying additional grid bias voltage to said grid 
to prevent a decrease in carrier signal strength 
from operating said relay means, and means 
actuable by an operator for operating said relay 
means to restart said power and tuning means. 

12. In a radio receiver having a variable tuning 
element, in combination, power means for. driv 
ing said tuning element, relay means adapted 
when energized to stop said power means and 

75 
tuning element, an ionizable gas tube having a 
plate circuit connected to said relay means and a 
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control grid, means connected to said grid to 
supply it with a control voltage from the receiver 
for ionizing said gas tube and energizing said 
relay means when a carrier signal is closely tuned 
in, and a source of direct current connected to 
the plate circuit of said tube for maintaining said 
tube ionized and said relay means energized. 

13. In a radio receiver having variable tuning 
means, in combination, power means driving 
said tuning means, relay means for stopping 
and starting said power and tuning means, an 
electron tube having a plate circuit connected to 
said relay means and a grid controlling the plate 
current for operating said relay means to stop 
said tuning means, tuned coupling means deriv 
ing from said receiver a first control voltage hav 
ing a selectivity curve with two peaks and a 
depression therebetween, tuned coupling means 
deriving from said receiver a second control 
voltage having a selectivity curve with a single 
peak coinciding in frequency with said depres 
sion and exceeding said first control voltage when 
a carrier signal is closely tuned, means includ 
ing rectifying means for applying a voltage de 
pending upon the difference between said first 
and second control voltages to said grid when 
said carrier signal is closely tuned to operate said 
relay means and stop said tuning means closely 
on said carrier signal, and means actuable by 
an operator for operating said relay means to 
restart said power and tuning means. 

14. In a superheterodyne radio receiver hav 
ing an intermediate frequency section and vari 
able tuning means, in combination, power means 
driving said tuning means, relay means for 
stopping and starting said power means, an elec 
tron tube having a plate circuit connected to 
said relay means and a grid controlling the plate 
current for operating said relay means to stop 
said tuning means, means coupled to said inter 
mediate frequency section and tuned to inter 
mediate frequency for deriving from said receiver 
a first control voltage having a selectivity curve 
with two peaks and a depression therebetween, 
means coupled to said intermediate frequency 
section and tuned to intermediate frequency for 
deriving from said receiver a second control 
voltage having a selectivity curve with a single 
peak coinciding in frequency with said depres 
sion and exceeding said first control voltage when 
a carrier signal is closely tuned, means includ 
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ing rectifying means for applying a voltage der 
pending upon the difference between said first 
and second control voltages to said grid when 
said carrier signal is closely tuned to operate said 
relay means and stop said tuning means closely 
on said carrier signal, and means actuable by an 
operator for operating said relay means to restart 
said power and tuning means. 

15. In a superheterodyne radio receiver having 
an intermediate frequency Section and variable 
tuning means, in combination, power means driv 
ing said tuning means, relay means for stopping 
and starting said power means, said relay means 
being energizable to stop and deemergizable to 
start said power means, an ionizable gas tube 
having a plate circuit connected to said relay 
means, said tube being non-conductive during 
operation of said tuning means and having a 
control grid adapted to be supplied with a con 
trol voltage to render said tube conductive to 
energize said relay means, means coupled to said 
intermediate frequency section and tuned to in 
termediate frequency for deriving from said re 
ceiver a first control voltage having a selectivity 
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curve with two peaks and a depression there 
between, means coupled to said intermediate fre 
quency section and tuned to intermediate fre 
quency for deriving from said receiver a sec 
ond control voltage havirig a selectivity curve 
with a single peak coinciding in frequency with 
said depression and exceeding said first control 
voltage when a carrier signal is closely tuned, 
means including rectifying means for applying a 
control voltage depending upon the difference 
between said first and second control voltages to 
said grid when said carrier signal is closely tuned 
to render said tube conductive and energize said 
relay means to stop said tuning means closely on 
Said carrier signal, and means actuable by an 
Operator for deionizing said tube and deemergiz 
ing said relay means to restart said power and 
tuning means. 

16. In a Superheterodyne receiver having an 
intermediate frequency section, an amplifying 
tube preceding said section, and variable tun 
ing means, in combination, power means driv 
ing Said tuning means, relay means for stop 
ping and starting said power means, an elec 
tron tube having a plate circuit connected to 
said relay means and a grid controlling the plate 
current for operating said relay means to stop 
Said tuning means, means coupled to said inter 
mediate frequency section and tuned to inter 
mediate frequency for deriving from said receiver 
a first control voltage having a selectivity curve 
with two peaks and a depression therebetween, 
means coupled to said intermediate frequency 
Section and tuned to intermediate frequency for 
deriving from said receiver a second control 
voltage having a selectivity curve with a single 
peak coinciding in frequency with said depres 
sion and exceeding said first control voltage when 
a carrier signal is closely tuned, means includ 
ing rectifying means for applying a control volt 
age depending upon the difference between said 
fist and second control voltages to said grid when 
Said carrier signal is closely tuned to operate said 
relay means and stop said tuning means closely 
On Said carrier signal, means controlling the grid 
bias of said amplifying tube for preventing op 
eration of said relay in response to carrier sig 
nails below intensities determined by said grid 
bias controlling means, and means actuable by an 
Operator for Operating said relay means to re 
start said power and tuning means. 

17. In a radio receiver having a variable tun 
ing element, in combination, power means for 
driving said tuning element, relay means con 
trolling said power means and tuning element, 
Said relay means being operable when deener 
gized to render said power means effective to 
drive the tuning element and when energized to 
stop Said power means and tuning element, an 
ionizable gas tube having a cathode, plate and 
control grid, a source of direct current voltage, 
Said source being connected across the plate and 
cathode of said tube in series with said relay 
means, means including a grid bias resistor con 
nected between said cathode and the negative 
side of said voltage source and a second resistor 
connected between the positive side of said volt 
age source and said cathode for biasing said con 
trol grid to deionize said tube, when said 
means is deemergized, and means connected to 
Said grid to supply it with a control voltage from 
the receiver for ionizing said tube and energizing 
said relay when a carrier signal is closely tuned 
in 

18. In a radio receiver having a variable tuning 
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element, in combination, power means for driv 
ing said tuning element, relay means controlling 
Said power means and tuning element, said relay 
means being operable when deemergized to ren 
der said power means effective to drive the tuning 
element and when energized to stop said power 
means and tuning element, an ionizable gas tube 
having a cathode, plate and control grid, a source 
of direct current voltage, said source being Con 
nected across the plate and cathode of said tube 
in Series with said relay means, means including 
a grid bias resistor connected between said 
cathode and the negative side of said voltage 
source and a second resistor connected between 
the positive side of said voltage source and said 
cathode for biasing said control grid to deionize 
said tube when said relay means is deenergized, 
means connected to said grid to supply it with 
a control voltage from the receiver for ionizing 
said tube and energizing said relay when a car 
rier, signal is closely tuned in, and normally 
closed switch means in the plate-cathode circuit 
of said tube for deionizing said tube and de 
energizing Said relay means. 

19. In a radio receiver having variable tuning 
means operable between predetermined limits, in 
combination, a reversible electric motor for driv 
ing Said tuning means in opposite directions, a 
Source of power for said motor, means including 
a relay and switch means operated thereby con 
trolling the connections of the motor to said 
power source for starting and stopping said 
power means, means including limit switch mech 
anism actuated by said tuning means and con 
trolling the Connections of said motor to said 
power source for automatically reversing the mo 
tor at the limits of movement of said tuning 
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means, means including an electron tube having 
its plate circuit connected to said relay for op 
erating said relay to effect disconnection of said 
motor from said power source when a carrier 
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signal is tuned in, and switch means Operable by 
an operator controlling said relay and connec 
tions of the motor to said power source for re 
versing said motor when said tuning means is 
between the limits of its movement. 

20. In a radio receiver having variable tuning 
means, operable between predetermined limits, 
in combination, a reversible electric motor for 
driving said tuning means in opposite directions, 
a source of power for said motor, means includ 
ing a relay and switch means operated thereby 
controlling the connections of the motor to said 
power Source for starting and stopping said 
power means, means including a reversing switch 
controlling the connections of said motor to said 
power source, a second relay controlling said 
reversing switch ald limit switch mechanism 
actuated by said tuning means adapted to ener 
gize Said relay at One limit and to deemergize 
said relay at the other limit of movement of said 
tuning means for automatically reversing said 
motor, means including an electron tube having 
its plate circuit connected to said first relay for 
operating said relay to effect disconnection of 
said motor from Said power source when a carrier 
signal is tuned in, and switch means operable by 
an operator for energizing said Second relay in 
dependently of said limit switch mechanism for 
initiating Operation of said motor in a direction 
opposite to that determined by said limit switch 
mechanism. 
- EDWARD F ANDREWS. 


