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UNITED STATES PATENT OFFICE

2,3%6,733
RADIO RECEIVER

Edward F. Andrews, Chicag

o, FIL

QOriginal application May 724, 19839, Serial No.
275,437, Divided and this application July 19,

1941,

18 Claims,

This invention relates to radio receivers and
particularly to radio receivers embodying tuning
devices of the “stop-on-carrier” type, and this
application is a division of my application Serial
No. 275,437, filed May 24, 1939, on Radio receiv-
ars. Such devices have been described and
claimed in Patent No. 1,769,281 and Patent-No.
1,700,282, issued January 29, 1929, to Elmer E.
Burns and Theodore Cohen, and in my co-pend-
ing application Serial No. 219,713, filed July 18,
1938 (now Patent MNo. 2,262,218, granted Novem-
ber 11, 1941). In receivers of this type, tuning
is effected by power means adapted to be set in
operation by manually actuated means and
adapted automatically to effect the quick stop-
page of the tuning means when the receiver has
been tuned to the carrier wave of a broadcasting
station received with sufficient strength. 'The
menually actuated means suitably comprises
means controlling tha change of an electric cur-
rent or voliage, and may be located at a point
remote from the recsiver, from which point con-
trol may be effected by means of a simple cable,
or by other communicating means.

One of the objects of the present invention is
to provide an improved radio receiver of this type.

A further object of the invention is to provide
means whereby the effect of static and other un-
desired electrical disturbances are minimized or

prevented, thus avoiding autornatic stoppage.

where there is no desired signal.

A further object of the invention is to pro-
vide an improved mechanism whereby the tun-
ing device may be arrested more precisely at po-
sitions of more exact resonance.

A, further object is to provide a receiver of
this type in which the sensitivity of the automatic
tuning means may be readily controlled (from a
remote point, if desired), whereby the set can be
adapted for tuning in a relatively small number
of the strongest stations or a greater number of
stations, including distant stations, the signals
from which are comparatively weak.

A further object of the invention is t2 provide
an improved arrangement whereby vacuum tube
means operate gas tube means connected to mag-
netic means for quickly stepping the tuning de-
vice.

A further cbject is the provision of condenser
storage means cooperating with the gas tube to
produce faster stoppage of the tuning means.

A further object of the invention is to produce
an improved type of stop-on-carrier stopping re-
lay.

A further object of the invention is to provide
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improved means for securing the. greatest auto-
matic control of the set with a small nuinber of
simple controls.

A further object of the invention is to provide

simple and effective means for de-ionizing a gas
triode employed for these purposes.

A further object of the invention is to provide
an improved automobile radio seb and an im-
proved installation therecf in an auuomobﬂe.

A further object of the invention is to provide
an improved means of increasing the sharpness
of the circuit conirclling automatic stoppage

Other objects, advantages and capabilities of
the invention will appear from the following de-
scription cf preferred embodiments thereof, tak-
en in conjuncion with the accompanying draw-
ings in-which:

Fig. 1 is a wiring diagram of a radio receiver
embodying the invention and intended primarily
for alternating current operation in the home;

g, 2 is a similar diagram of a radio receiver
embodying my invention and intended primarily
for operation in an auitomobile from the auto-
mobile storage battery;

Fig. 3 is a fragmentary sectional plan  view
showing the arrangement of certain mechanism
of the radio receiver shown.in Fig. 1;

Fig. 4 is a fragmentary sectional detail, the
section being taken on the line 4—4 of Fig. 3;

Fig. 5 is a fragmentary section on g larger
scale, the section being taken on the line 5-5 of
F’_[cr . u,

Fig. 6 is an elevatmnal detail showmg 2 moch—
fied form of operating means for the reversing
switeh; : : .

Fig. 7 is a front elevational view of an indi-
cator dial which may be employed in radio re-
ceiving sets embodying my invention; -

Fig. 8 is a fragmentary sectional detail view
therethrough, the section being taken on the line
8—8 of Pig. T;

ig. 9 is a perspective view of a station indicat-
ing tab which may be employed in conncctlon
with the dial shown in Figs. 7 and 8;

Fig, 10 is a diagrammatic view showing the
manner in which the receiver illustrated in Fig. 2
may ke mounted in an automobile; ,

Tig. 11.is a fragmentary sectional view of one
end of the receiver shown in Fig, 10 showing the
relative relation of certain of the control ele-
ments of the receiver;

Fig. 12 is a sectional detail view therethrough,
the section being taken on the line {2—{2 of
Fig. 11;

Fig. 13 is a sectional detail view therethrough,
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the section being taken on the line 13—13 of
Fig. 11 and illustrating the construction of the
stop-on-carrier clutch-brake relay embhodied in
the receiver;

Pig. 14 is g fragmentary elevational view of
another form of stop-on-carrier clutch-brake
relay which may advantageously be employed in
either of the embodiments of the invention;

Fig. 15 is a fragmentary sectional elevation
therethrough cn a larger scale, the section being
taken on the line {5—I15 of Fig. 14;

Tig. 16 is a section detail taken on the line
{513 of Fig. 15;

Tig. 17 is a wiring diagram of an automatic
control system embodying my invention, similar
to that of Fig. 1;

Fig. 18 is a fragmentary front elevation show-
ing part of the tuning and volume control mecha-
nism mounted on a chassis;

Fig. 19 is a side elevation and partisl cress
sectional view of Fig. 18;

Fig, 20 is a fragmentary wiring dizgram show-
ing certain modifications which may be made in
the wiring diagram of Fig, 1; and

Fig. 21 is a similar fragmentary wiring dia-
gram showing further modifications which may
be incorporated in this wiring diagram.

Referring to the drawings and particulariy to
Fig. 1, the radio sat illustrated therein is g super-
heterodyne set comprising an antenna circuit 28,
a radio frequency tube 2{, an cscillator and de-
modulator tube £2, intermediate frequency tubes
%3 and 24, a diode detector and first audio tube
25, and a power tube 28 which is connected to
2 loud speakesr (not shown) in known manner.
Tube 21 may suitably be a 6KX7 tube, the tube 22,
a GA8 tube, tubes 23 and 24, 6K7 tubes, and
tubes 25 and 25 a 6Q7G and 6LSG tube, respec-
tively. The tubes 21, 22, 23, 28 and 25 are coupled
together in cascade by transformers 27, 28, 28,
and 88. The output of the tube 25 is resistance
coupled through a condenser 31 to the grid of
the power tube 28. 'The set is tuned by con-
Censers 32, 33 and 24, which are connected to-
gether in a gang, as indicated by the dotted
lines 83. These condensers are adapted to be
tuned by a reversible motor 38.

The transformer 20 comprises a winding 237
which is loosely coupled to the primary of the
transformer. This winding is sharply tuned by
the condenser 23 and has one end connected to
the grid of the stop-on-carrier tricde 8. The
other end cf the winding 87 is connected to one
end of the secondary of the transformer &8,
which is connected through resistor 41, resistor
£2, and resistor 43 to ground and to the cathode
of the rectifier elements of the tube 25. The
connected ends of the winding 27 and of the
secondary of the transformer 28 are by-passed
through condenser 43. The cther end of the sec-
ondary of the transformer 38 is connected to the
ciode plates of the tube 25. The triode 39 may
he so biased as to draw plate current at all times
and to produce a sharp rise in its plate current,
as the alternating current signal in the coil 37
impressed on its grid substantially exceeds the
negative bias, also impressed on its grid, from
the diede plate of the tube 25. This sharp rise
‘in plate current produces a voltage across a re-
sistance in the cathode circuit which constitutes
the stop-on-carrier signal. The resistances 42
and £3 are paralleled by a condenser 44 and the
winding 4% of a potentiometer which, together
with the slider 43, constitutes the volume con-
trol of the set. The slider 45 is connected
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through a condenser &7 to the grid of the triode
clements of the tube 25. The condenser 47 and
said grid are connected through resistances 48,
49, and £3 to ground.

The grid of the tube 2§ is connectad to ground
through a resistance §f and to a ccntact 52 of
& relay 83.

Poyer is supplied to the set by means of power
leads B2, which are connected through the
primaries of transformers 55 and 58. A sec-
ondary 57 of the transformer 5% supplies cur- |
rent for the filaments of the various tubes, as in-
dicated. Another secondary 53 is connected to
supply heating current to the cathode of the
full-wave rectifier £8, the plates of which recti-
fier are connected to a third high voltage center-
tapped secondary €9 of the transformer 5. The
cathode of the rectifier 3, which is a 5Z3 {ube,
is connected through a choke coil 81 to the plates
of the tubes 21, 22, 23, 24, and 25 for the supply
of B current therete. Opposite ends of the choke
coil 6! are connected through condensers 62 to
the ungrounded end of the resistance §4, which
resistance is bridged by a condenser 63 and con-
nected to the center tap of winding 63.

The power supply to the primary of the trans-
former 55 is adapted to be completed or inter-
rupted by a switch 64 which is located between
the primaries of the transformers £§ and GE.
This switch iz physically united to & swiich €3
so that they open and close simultanecusly. One
side of the switch 65 is connected to the pole
of a switch £5. The other side is connected to
contact 17 of a relay B3,

One side of the sscondary cf the transiormer
33 is grounded. The other end is connected
through the winding of a step relay £9 to a
conductor 79. The ungrounded side of the sec-
cndary of the transformer B35 is alsc connected
through the winding of the relay &8 to a con-
ductor 7i. The conductors 9 and 7!, together
with a third conducter 72, constitute a cable 12
of any desired length. This cable may be con-
nected to any desired number of remote contrel
units T4, two of which are shown by way of
example in Fig. 1. It is, of course, {o be under-
stood that the cable T3 may comprise as many
units 74 and ag many branches as may be de-
sired. Hach unit T4 comprises three switches
3, 15, and 77, one side of each switch being
grounded to the conductor 72. The cther sids
of the switch 77 is connected to the conductor
1. The other side of the switch 73 is connecfed
directly to the conductor T8. The cther side of
the switch 78 is connected through a resistance
18 to the conductor 78. If will readily be under-
stood that when the switch 77 is closed, the
clectro-magnet of the relay 68 is energized and
the pole of the relay €8 moves away from en-
gagement with the contact 87 and into engage-
ment with the contact 78. The contact 18 is
connected to cne of the pcles 89 of the relay
69. The relay 89 includes o second pole 81 which
is normally maintained out c¢f engagement with
a grounded contact 82 by a hook-like projection
83 on the armature. When the relay €9 is ener-
gized, the armature is moved so as to allow the
contact 8! to become grounded, and the prejec-
tion 83 moves the armature 8% out of engage-
ment with the contact 84 and into engagement
with the ccntact §5. The contact 24 is con-
nected to a contact &3 of g switch 87, The con-
tact 8% is connected to a contact 88 of the swifch
89, to a contact $5 of the switch 87, and also
to windings 9f and 92 of the motor 25. A con-
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tact 83 of the switch 89 is connecled through
the windings 84 and 85 of the motor 38. The
windings 82 and §5 are connected to the un-
greunded side of the secondary of the trans-
former 58. The pole of the switch 27 is con-
nected to the contact 98 of the switch 86, The
cther centact §7 of this switch is connected to
the pole of tha switech 88. The pole of the switch
83 is connected to cne gide of the switch 88,
The other side of this switeh is connected to
the contact 117 of the relay 53, It will be under-
stood that when the switeh §8 is in engagement
with contact 88, the motor 3§ is controlled by
the switch 87, and when the switch £85 engages
the contact 87, the switch €5 controls the motbor.

When the switch 75 is closed, the cireuit
through the relay 83 is completed through the
vesistance 72. Owing to the presence of this
resistance, the energization of the relay 68 is
somewhat limited and the responsive movement
of the armature of this relay is Iimited by the
engagement of & projection §8 carried thershy
with a ratchet wheel 5%, The ratchet wheel §2
is rigidly cennected to a cam wheel {88, which
engages the pele 131 of 2 switeh 82,

When the control switch 78 is closad, the relay
88 is energized quite strongly, with the resulf that
the nprojection 88 engages the ratchet whee! 29
with swificient force to turn it g distance corre-
sponding to cre tocth.
closed, the cam whesl {48 is not affected, and
only the contact 81 is grounded. When, how-
ever, ths switch T8 is closed, not only are the
noles 83 and 8§ movaed from their normal] posi-
tion, but the cam wheel 168 is rotated a distance
corresponding o one tooth on the ratchet wheel
88. The pole {81 of the switch #82 is in engage-
ment with cns of the contacts 183, 124, It will
e understood that each time the buticn 78 is
pressed, thas conta
the centacts to the other one.
contact 104 is connscted through an adjustable
resistance 185 and a fixed resistance {85 to the
cathode of the gas tubs 17, which may ke an
884 {ube or a gas tube known as RE8071 or R. C. A,
2051, The contact 123 is connectad through a
variabhle resistance {88 to the fixed resistance

[eg)
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{28. It will thus he seen that each movement
of {hs csm whesl 138 merely results in the

arounding of the cathode of ths fube {07 and =

he

ot

resistance 188 through & variable resistance
or {83. Ordinarily, these last two resistances
sst a$ considerably different values. Thus,
he resistance {85 is greater than the resist-
ance {98, the sef will have a lower sensitivity
when connszcted through the resi
it has when connested thraou e resistance
183, Consequently, the sansitivity of the st may
he varied by vressing the button 78. Whenever
either of the kuttons 5 cor 8 iz pressed, the
poles 8§ and £ are moved {rom their initial
positions with results heveinafter 1o be mere fully
described.

The plate of the tube {87 is connected {0 the
winding of the stop-cn-carrier relay 88,
winding is connected in series with the winding
cf the relay 82 and through a suitable resistance
98 limiting the steady current fowing
through both relays from the B supply.  The
snd of the winding of the relay 162 which con-
nects to the winding of the relay £3 is alze con-

rough a resistance {41 to the cathode
127, and this resistance iz bridged
condenser (!2 adapted to supply a large
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surge of current through the relay {89 when

When the switch 75 is

{01 is moved from cne of !
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the gas tube is ionized, the operation cof which
will hereinafter be more fully described:

The contact 67 of the relay 68 is connected to
one of the poles 144 of the relay §3. The other
pole {i5 of this relay is grounded and is me-
chanically attached to the pole 114 by a bar {6
of insulating material. When the relay B8 is
energized, the armature is moved downwardly,
as viewed in Fig. 1, and the pole (14 is moved
away from the contact {17, which connects to
one pole of the switch 65, At the same time, the
pole {i5 is moved away from the contact 52 and
is moved into engagement with the contact 118,
This contact is connected to 2 condenser §18.
The capacity of this condenser may, for example,
be about 0.1 microfarad. When the switch 84
is oven, that is, when the set is not operating,
the armature of the relay 53 is biased towards
the winding against the action of a spring {28
by a thermostat §21. This is a strip of bimetal
which is provided with a heater coil §22 in paral-
lel with the filaments with the result that after

the filament current is turned on for a short

time, the strip {21 becomes heated and moves
away from the bar {18, The eathode of the
tube 88 is connected through a choke coil 428,
a switch 124’, and resistance {125 to ground. The

.coil 123 and resistance {25 are by-pasced by a

small radio frequency by-pass condenser 128,
One side of the switch {24’ and the adiascent
side of the resistance 125 are connected to th
grid of the tube 187. The switch 126’ is actuated
by a minimum time device, two types of which
will be described in connection with other fig-
ures. '

The minimum time switch 24’ is best shown
in Fig. 3. It may be operated hy a weighted
bell crank lever 127, which is pivotally mounted
on a bracket 128 carried on the end of the shaft
29 of the reversible motor 28, The motor 8% is
mounted between two plates 139 and {31, which
may be mounted on the chassis of the receiver.
One arm of the bell crank lever (27 terminates
in ‘an engaging member {32 in alignment with
the shaft - {29.  The engaging member 132 is
normally biased hy a spring 132 so. as to cpen
the switch 124’. When the motor 3% atiains
sufficient speed, the weighted end of the lever
127 swings radially outwards with the result
that the engaging member {22 is moved away
from the switch £24’. When the motor stops,
the spring 132 returns the lever {97 to the BO-
sition shown in Fig. 3, thereby cpening the
switch 124/, .

The gang of condensers 32, 83, and 24 are ac-
tuated by a common shaft upen which is monnt-
ed a drum {25. A cord 138 extends around the

drum and arcund a split sleeve (31 upon which

is mounted a manually operable knob 33, -The
split sleeve {37 has a frictional engagement with
a shaft 139. The cord 86 extends around the
sleeve 137 several convolutions so that this sleeve
is normally compressed against the shaft 138,
Means (not shown) are provided for preventing
the axial movement of the sleeve on the
shaft 129, The shaft extends freely through a
hub 48 of a gear {41 and through bearings 142
and {43 on the plates {80 and 131, respectively.
The hub {40 is provided with a plurality of re-
cesses (44, and the shaft 139 carries a pin {45
which is adapted to be introduced into one of
the recesses {44 by merely pushing inwardly on
the knob {38, The pin {45 may be disengaged
from the hub 143 by merely pulling the knob
138 to ifs outermost position. The shaft 139 is

2%
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provided with two grooves {46 which are adapi-
ed to receive a spring element 147, so as to hold
the shaift 139 in its inward or outward position,
as the case may be. Af its inner end, the shaft
158 carries a friction wheel §48. When the
shaft {39 is in its outermost position, the friction
wheel (48, which may have a peripheral portion
or tire of rubber or the like, engages a shaft
149, which is also rotatably mounted on the
plates 139 and 131, At its forward end, the
shaft 149 carries a friction wheel {58 which is
similar to the friction wheel {48. The friction
wheel 159 engages the hub (49 of the gear [41.
The gear {41 is connected through suitable speed
reducing means, such as the gear and pinion {5
and 152 to a pinion 153, which is adapted to be
driven by the motor 35.

The pinion 183 is shown on a large scale in
Fig. 5. The pinion 153 is hollow and is slidably
mounted on a sleeve {54 which extends inwardly
towards the motor 35 from the core 135 of the
relay 109. This relay is carried in front of the
motor on the plate 120, with the sleeve 154 in
axial alignment with the shaft of the motor.
The pinion 153 carries at its cuter end a dise
{80 of magnetic material, which is adapted to be
attracted by the relay {89 when its winding is
energized. At its inner end the pinion 153 car-
ries a clutch projection 187 which is adapted to

engage corresponding projections 58 carried on -

the forward end of the shaft of the motor 3§.
The pinion 153 is normally biased inwardly by
2, spring 189 so that the clutch projections 57
and {53 tend to engage. The spring 159 is lo-
cated in an axial recess 188 in the core 155. This
spring applies pressure on a rod 16! which ex-
tends through the sleeve {54 and abuts against
a hardened disc 182, which is located within the
hollow pinion {53 adjacent its innermost end.
The degree of compression exerted by the spring
159 is controlled by a screw [83. It will readily
be understood that immediately the relay 169
is energized, the disc 158 is very strongly at-
tracted and is moved to the left, as viewed in
Fig. 5. The pinion 153 moves with it, and like-
wise the clutch projection 157, Consequently,
these clutch members are withdrawn from the
clutch elements 158, and the pinion 153 is com-
gletely freed of any connection with the motor
[N
and the disc 188, this complete disengagement
occurs very rapidly and the. drive for the con-
denser is freed from the inertia of the motor
armature. The magnetic force of the relay 189
also draws the dise 155 strongly against the
friction surface 55, thus applying a strong
braking action to effect the quick stoppage of
the pinion {§3. The elements of the drive be-
tween the condenser and the pinion 153 are
driven relatively slowly and have small moments
of inertia, so that their inertia is not a serious
problem, as will hereinafter be more fully de-
scribed.

When the knob 138 has besn pressed inwardly,
the shaft 139-is driven girectly by the gear 141
through engagement cf its hub {48 with the pin
145, This adjustment adapts the receiver for
ordinsry station reception. ¥For short wave re-
ception, it is preferred to adjust the drive of the
gang of condensers s¢ that it operates much mere
slowly. This objsct is obtained by pulling the
kneb 138 cutward, whereupon the drive of tha
condenser occurs from the gear 141 through its
hub, the friction disc 152, its shaft 143, and the
friction disc 148.

Owing to the small mass of the pinion {53
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The rear end of the motor shafi 128 is pro-
vided with o pinion (34 which is connected
through speed reduction gearing 165 with a hub
166, which is rotatably mounted on a bearing (67.
At its inner end the hub [6% carries a gear {G8.
The toothed wheel {68 is adapted to be engaged
by a pin 159, which projects rearwardly from a
detent wheel {78, The detent wheel (70 is car-
ried on the rearward end of a hub 174, this hub
being provided with & rigid ahutment plate (72
which engages one side of the wheel 179, and a
spring member {713 which resiliently forees the
wheel 170 against the abutment plate 172, A
shaft 74 extends through an opening {15 in the
frame plate 130. The shaft (74 is held against
axial movement by means of collars {76 rigidly
mounted thereon cn ovpcsite sides of the plate
3¢.

The hub (11 is provided with opposed slots 177
which receive opposite ends of a pin {70 rigidly
mounted in the shaft T4, A pin (79 projects
radially from the huly 1%{ so as to cooperate with
a cam member 168, which may suitably be formed
from 8 rearwardiy turned portion of the plate
{30. The hub IT{ is normally biased towards
zero voluine position of the volume control rheo-
stat 181 by means of a spring 182. This spring
ig anchored to a stationary abutment {83 and to
the pin 179. The shaft 174 extends freely through
the hub {86 and carries at its innermost end one
element {84 which cooperates with anocther ele-
ment {88 of a universal jeint mechanism. The
member {89 is mounted con the shaft 185 of the
volume control rheostat 181, This rhecstat is
supported by 2 brackst 187 from the frame mem-
ber 131. The frame member i3! supports the
elements of the relay §8, previously referred to.
The armature of this relay is provided with 2
detent member {83 which is adapted to coop-
erate with the detent wheel 178, It will readily
he understood that when the shaft {74 is man-
ually actuated by the kncb (88, the rheostat 18¢
is operated directly, the friction connection be-
twaen the detent wheel (7€ and the hub (7! en~
abling this wheel to stand still in the position in
which it is held by the detent {82. It will be
understood that when the relay €68 is energized
the detent 188 is withdrawn from the wheel {79
and the spring 182 throws the shaft 174 arcund
to zerc volume position. Furthermore, if the
kncb 188 is rotated still further in the volume de-
crease direction, the switches 84 and €5, which
gre operated by the rheostat shaft 138, are opened.
The friction connection hetween the wheel {78
and the hubs 171 and the engagement of the
wheel 178 by the detent 188 insures the mainte-
nance of any manual adjustment, until changed
by further turning of the knob 163 or the ener-
gization of the relay 8. It may here be re-
marked that the detent 188 comprises a porticn
which overlies the wheel 178 and a tooth cr de-
tent portion which enters between the teeth of
the detent wheel 179, It will likewise be under-
stood that if the knob 185 is rotated in the cp-
posite direction by hand, the switches 64 and €5
will be opened. The volume control rheostat 1814
can, of course, be operated in either direction
and the switches 64 and 65 turned on or off by
the energization of the relay €8 so that it moves
its armature upwardly as shown in Fig. 3.

Upon the shaft of the gang of condensers I
provide two armg 190 and 191 which are adapted
to cooperate with the operating arm 192 of the
switch 89. These arms come into contact with
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the arm {83 as the condenser shaft attains its
extreme positions. The actuaticn of ths switch
88 reverses the moter go that the same tends to
operatzs in opposite directions while the con-
denser moves between extreme positions. - In ac-
tual operation, this back and forth movement is
terminated when a station is tuned in which has
sufficient velume to ensrgize the relay (£9 and
disconnect the motor. It is to be understood that
the switch 87 and the switch 65 may be omitted,
if desired, the switch €5 being connected directly
to the pole of the switch 8%. The switch &7 is
preferakly employed so as to enakle a different
adjustable range of funing or range of condenser
control between peints of reversal ic be employed.
For this purpese, I loosely mount on the shaft {34
an arm {23, This arm is adapted to be engaged
by two studs 184 and {95 which are adjustable to
varicus positicns in two arcuate slots 128 and 157
in g disc 198, This disc is rigidly mounted on the
shaft {35, The arm {83 carries a pin 183, which
is Iccated in a slot formed by the forked end of
an ating arm £088 of the switch 87, It will
readily be understood that the position of the
condsnser at which the arm 280 is actuated to re-
verse the motor can be conbrolled as desired by
changing the pesition of the studs 164 and i385
ontho disc 183, Ag has been previously descrived,
the cscillagion of the mcter and the condenser
may be controlled by either switch 87 or 88, con-
trel being ftransferred ircra one to the other by
the mare actuation of the switch €8, which may
Ie iccatzd at any desired positicn.

The dial 283 of the indicating
praferably translucent and carries
uaticns and numbers which may
the variots fx i f the broadcast band.
The translucent iz iluminated by a plu-
rality of lamps 224 on the reverse side of the dial.
Thesz lamps ars mounted in & dish-shaped hous-
ing 225 which includes an annular shelf or flanga
225 tc which the periphery of the dial is secured
in any svitabls way. Eeyond the flangs 228, the
housing 235 is previded with an outer flange 231.

actu

device 238 is
suitable grad-
correspond to

This flange iz displaced forwardly cof the flange
228 so as to provide 2 space 228 cn the outer side
of the dinl 223 in wh e vointer 228 is adapted
to move. The peinter 228 iz carrisd on the end
of the shial The forward face of the housing
388 i3 encles & glass window. 23 which is
separated he flange 227 by a gasket 232.
The wind cecured to the flange 227 by
means of g g ring 233, which includes an
outer fia 1 adavted to be secursd fo the
flange 227 by mezns of screws. The securing ring
238 is of step secticn, &s best seen in Fig, 8. It
includes & flange 234 which is adapted to bear
against ths window 238{. The inrver portion of
the Aange £34, which ig indicated by the referenca
S ong

numeral 225, is displaced forwardly so that it is
located out of contact with the window 28{. Be-
tween the displaced portion 235 of the fiange and
the window 28{ is provided a space 258 whieh is
adapted to receive tabs 237, These tabs may be
of transparent material, having a lighted back-
ground for opaque characters designating differ-
ent broadcasting stations. The tabs 287 are pre-
formed into concave shaps as best seen in Fig, 8.
To install a tab, it is merely necessary to apply it
to the glass 281 and slide it radially in the proper
direction uniil ifs ouler end is located in the
recess €38, as best chown in Fig, 8. The inner
portion 235 of the may ke resilient
and biaszd towards the window 281, As a result
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of the curvature of the tabs or the inward biasing
of fhe portion 285, or both, the tabs 237 are
firmly held in position. To adjust the position of
2, tab for a particular broadcasting station, it is
only necessaly to tune in that station and slide
the tab circumierentially so as {0 bring the opaque
graduation at the inner end of the tab in radial
alignment with the pointer 223. 'The tabs may
be removed when desired and they.may be re-
placed by other tabs. Owing to the initial convex
form of the tabs 231, they lie quite flat against
the window %3{ when ianstalled. It is of course
to be understood that the window 231 is located in
an cpening in the frent wall of the cabinet 238,
which opening is finished by a suitable bezél 244.

The operation of this modification (as shown
in Fig. 1) is as fcllows: ’ h

"The st is pub into coperation by pressing the
button 11, This results in the energization of the
relay 68 and the withdrawal of the defent 188
from the detent wheel {78, The pole i13 of the
rvelay 68 is moved into engagement with the con-
tact 79. . The motor circuit is then completed
ifrom ground through the pole ({8, contact 18,
pole 88 of the relay 68, contact $4, motor wind-
ings 94 and g%, and secondary of the transicrmer
5% to ground. Whien the motor is thus put into
operation, the pin 118 resting on tize elevated sur-
face of the cam 39, the pin 169 is engaged with
the wheel 185. Consequentiy, the motor drives
tine shaft {14 and consequently the shaft £8% in
the volume increasing direction. 'fhe result oL
whe initiai movement of tne shaft 186 in this div
rection resuiis in the closing of the switches 48
and €5, The closuré of the switch §4 iLmme-
digtely energizes the healer circuibs, including
e heating element $2%, Until the cathodes ot
tae tubes are heated up, the thermostaiic ele-
ment 124 holds the poles of the relay 9% in their
downward position, as shown in Fig. 1. The mo-
tor 86 operates as Iong as the button 17 is pressed,
and when the button ¥ is released, the motor

stops. When this occurs, the detent (68 with-
draws the pin {88 from the wheel 188, The de-

vent 188 locks the wheel {70 against rotation by
The volume seiting of the rheo-
stat 181 is thus maintained until the relay €8 is
again energized. It will be undersicod that
wien the relay 6% is ceenergized, operation of the
motor will' have no efiect upon the voiume con-
trel.  Under these conditions, the motor wiil
meiely drive the condensers. When the heater
i2Z has raised the thermostatic element i2{ to a
sufficient degree of temperature, the pole 114 en-
gages thie comtact [i1, and the motor circuit is
coinpleted from ground torough the pole 143,
contact @%, pole ii4, coutact §il, switch &%,
switch %8, one of tiwe switches §7 or 85 (depend-
ing on the position of switch 8), through one
of the pairs of fleld coils 91, 92, or 4, §5 of the
motor, and secondary  of transformer %3 to
ground. The motor will consequently start to
cperate in a direction depending upon the posi-
tion of the switch §8 (or 8%). Assuming that
the switch 63 is in the relation shown in Fig. 1,
the switch 89 will have control. It will be under-
stood that if the switch 89 is in engagement with
the contact 98, the motor will start to move in the
same direction as it did when the button T7 was
irst pressed. If, however, the switch 8§ is in en-
gagement with the contact 88, the motor will op~
erate in the reverse direction. If no signal is be-
ing received by the set, the motor would continue
to operate alternately in opposite directions, the
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arms 158 and 19! engaging the arm [%2 of the
switch 83 <o as to reverse the motor for such
cperation. When, however, a signal of adequate
strength is received, the operation of the motor
will be terminated in & manner which will now
be described.

When a signal is received by the receiver, in-
termediate frequency energy is transferred from
the primary of the transformer 39 to the wind-
ing 27. It may here be pointed out that if sig-
nals on closely adjacent frequencies are to be
tuned stop-on-carrier, it is desirable that there
e the maximum difference in amplitude between
the desired signal and other signals on closely
adjacent channels. It is therefcre preferable
that the intermediate frequency transformer 39
irom which the stop-on-carrier signal is gbtained
should be the last intermediate frequency trans-
former, that is, the one immediately ahead of the
gsecond detector.
mary of the transiormer and the winding 37 may
be in the neighborhood of optimum coupling, or
somewhat less. The ccil 31 and the condenser
&8 preferably form a high @ cireuit sharply tuned
to the intermediate frequency. An intermediate
frequency signal in the tuned circuit of the coil
s71 and condenser &8 is impressed upon the grid
of the tube §8. The negative direct current volt-
age applied to the grid of the tube $9 is sufficient-
iy high to cut off the broader base portion of the
intermediate frequency signal in the tuned cir-
-cuit 37, 88, so that the effective positive signal on
the grid of the tube $8 is only as wide as that
portion of the intermediate frequency signal
which ig ¢f higher positive voltage than the nega-
tive voltage of the direct current signal. This
produces an effective signal on the grid of the
tube 39 which is extremely sharp. 'The sharp-
ness of this signal is not substantially influenced
by the coupling between tihe primary of the trans-
former 28 and the coil 31, and can be best in-
creased by increasing the Q of the tuned circuit
87, 3. However, either too tight or too looze a
coupling will undesirably affect the band pass
characteristics of the transformer 39 and there-
fore the quality of the audible signal. This cou-
pling should therefore preferably be adjusted so
that the resonance curve has two peaks, with the
single peak of the resonance curve of the tuned

circuit $7 and 3% located midway between them, 5

as shown in my copending application Serial No.
218,713 (Patent No. 2,262,218). It has been found
that for best results, the peak voltage of the in-
termediate frequency signal applied to the grid
of the tube 38 should have a ratio of around 3 to
2 compared to the negative direct current voltage
applied to the same grid from the diode element
of the tube 28. When the sharp, positive inter-
mediate frequency signal is impressed upon the
grid of the tube 88, the current in the plate cir-
cuit of the tube 39 increases sharply. This plate
current flows from the cathode of the tube 3§
vhrough the choke coil -§23, the switch 124’, and
the resistance {25 to ground. The ungrounded
end of the resistor {25 is connected to the grid
of the tube 187. The condenser 126 serves as a
high frequency by-pass condenser. The choke
ccil £28 serves as an anti-static choke coil which
is effective in greatly reducing the tendency of
brief pulses, such as static, to ionize the gas tube
i07. Sudden surges, such as static, have a short
duration, angd the choke coil 123, the resistance
125, and the condzsuser 124 constitute a low-pass
filber which blocks rapid impulses of brief dura-
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tion. At the same time, this filter passes sus-
tained oscillations of longer duration or lower
ifrequency which create a substantial voltage
across the resistor 125 when & station of suitable
strength is tuned in. This voltage being applied
to the grid of the tube 187 ionizes this gas tube,
with the result that the relay 109 is energized.
This energization results in the immediate arrest
of the gang of condensers and the breaking of the

¢ motor circuit which oceurs when the relay 53 is

energized and the pole ti4 is withdrawn from the
contact 111. The condenser {2 is normally
charged, owing to the voltage across the resistor
{11, When the tube (87 is ionized, the condenser
{12 is discharged, with the result that a very
large current flows through the winding of the
relay 108 at the instant the plate current starts.
Thus the condenser 112 materially aids in the in-
stant arrest of the condenser. )

It will be understood that when the condensers
are thus arrested and the set is receiving g sta-
tion, the relays 53 and 168 remain energized,
due to the fact that the tube {07 remains in an
ionized condition. When it is desired to tune in
ancther station, the button 15 is pressed. 'The
result is that the relay €9 is energized through
the resistor 18. For the reasons previously de-
scribed, this energization of the relay 69 does not
aiffect the position of the ratchet wheel 99 and
the cam wheel {09, The movement of the arme-
ture is, however, sufficient to bring the pole €¢
into engagement with the pole 82, therehy
grounding the grid of the tube {01. This de-
ionizes and terminates the plate current of the
tube 187, and the relays 53 and {09 are de-
energized. The pole 1i§ moves upwardly into
engagement with the contact {17 and thereupon
the motor circuit is complete through the ground-
ed pole {18, contact 61, pole (14, contact 17,
switch €8, switch 66, and one or the other of the
switches 87 or 85. Consequently, the motor op-
erates until a new station is tuned in in the
manner described akove. If the button 15 is
held depressed, the motor continuss to operate

; the condensers until the button 715 is released.

If the button 76 is depressed, the same action
OCCUrs as has just been described in connection
with- the button 5. In this case, however, the
energization of the relay §9 is much stronger,
and the cam wheel {88 is moved one position.
The net result’is that the grounded pole 181 is
moved into engagement with the other contact
103 or {94, Consequently, the bias of the cath-
ode of the tube 107 is aitered and a différent
voltage is required on the grid of the tube 1§7
In order to initiate its operation, Thus, if the
effective resistance i03 is larger than the effective
resistance 188, then when the former is grounded
through the pole 18f, it will require a higher
voltage on the grid of the tube 187 o put this
tube into cperation by effecting its ionization
than when the resistance 108 is grounded. Con-
sequently, when the resistor 185 is effective, the
set is adapted to respond to a smaller number

of stations giving the strongest signals, and the

resistor {08 responds to a larger number of sta-
tions, which includes stations giving weaker sig-
nals,

When the button 71 and the button 76 are de-
pressed, then the relays 88 and 69 are both en-
ergized and the motor circuit is completed
through the grounded pole 113, contact 18, poie
88, contact &8, windings 91 and 82, and secondary
of transfermer 85 to ground. Owing to the en-
ergization of the relay 68, the detent 188 will



2,526,738

be withdrawn {rom the ratchet wheel {78, The
spring 182 is now free to rotate the hub {7} to
zero volume position, which resulfs in its axial
movement, owing to the engagement of the pin
i79 with the most elevated portion of the cam
183, This axial movement brings the pin 168
into engagement with the gear t68. The simul-
tanecus energization of the windings 81 and 92
effects the drive of the motor in a direction to
carry the shait {88 beyond zero volume posi-
tion in the volume reducing direction, opening
the switches 64 and 83. If the buttons 76 and
71 aré held depressed after the final position of
the shafl {58 is atiained, the detent wheel 1718
merely slips on the hub 17{. When the buttons
re reieased, the relays &8 and 69 are de-ener-
gized and the motor circuits are broken.

It may here be remarked that the minimum
time swivch {24 insures the movement of the con-
densers from one tuning position to another upon

depressed for a very short time and the gas
tube i¢¥ might be ionized again by the voltage
derived from the staticn which it was desired to
tune out. The centrifugal means which controls
the switch {24 insures sufiicient rotation for the
condensers to tune out one carrier before they
can be arrested by the gas tube {87, no matter
ow quickly the button %9 or 18 is actuated.
When the set is in operation, the depression
of the bution 77 results in the energization of
the relay 68 and the elevation of the detent 188
from the detent wheel {78. When this happens,
the spring 182 returns the shaft 174 and shafi
§86 to zero volume control position of the rheo-
stat 18{. The cam {80 effects the axial move-
ment of the hub i¥! so as to engage the pin 6%
with the gear 168. The energization of the relay
88 causes {he motor circuit to be completed
through the windings 24 and §5 so that the moter
is put into operation in a direction to rotate the
shait 186 to increase the volume of the audible
siznal. During this operation of the motor, the
tuning is unaffected because the relay 199 and
relay U3 remain energized. When the butbon 77
i3 veleased, the desired volume having been
reached, the motor circuit is immediately breken,
and the deient 138 engages and arrests the de-
tent wheel {78 and moves it away from the gear
wheel {38, The desired volume setting is main-
tained by the engagement of the detent 188 with
wheel {76 until the relay &8 is again
L. Ib is to ke noted that during normal
reception, the relay £3 is energized and the pole
115 is separated from the contact B2, When,
however, the set is being tuned, the pole (5 is
in engagement with the contact 52, thus ground-
ing the grid of the power tube 26 and muting the
When the set is in normal reception, the

set.
condenser {i§ is grounded through contact 118
and polz 1{8. Consequently, the automatic vol-
unie ccntrol voltage, which is applied on the
grids of the tubkes 24, 22 and 23 through the re-
sistance 281, changes relatively slowly due to the
time delay introduced by the resistance 281 and
the capacity of the condenser 1{8. During tun-
ing, however, at which time the relay 83 is de-
energized, the ground connection of the con-
denser {18 is broken, with the result that the
gutomatic velume control applied to the tubes
just mentioned is substantially instantaneous,
owing to the eliminaticn of the capacity of the
condenser {18, providing what I prefer to call

fast automa'-bic; volume control. - This fast auto-
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matic volume control during tuning has several
very remarkable advantages. In the first place,
owing to its almost instantaneous effect, it de-
modulates received signals to a considerable de-
gree and therefore reduces the difference be-
tween the maximum and minimum amplitude of
the carrier frequency resulting from modulstion.
The resulf is that the signals are effective in ar-
resting the condensers more on the average sig-
nal level of the carrier than on the peaks, due
to rnodulation. In the secend place, fast auto-
matic volume control largely eliminates the pass-
ing over of a weak station after leaving a strong
station close to it.. Thus, if the condenser 11§
were grounded during tuning, its charge might
persist for sufficient time to prevent the stopping
on 2 weak station, the frequency of which was
close to that of the signal from a strong station,
which head previously effected the charging of the
condenser. Finally, fast automatic volume con-
trol, owing to its practically instantaneous ac-
tion, reduces the tendency of static or other un-
degired disturbances of brief duration from ston-
ping the condenser during funing. Ordinary au-
tomatic velume control, notwithstanding its time
lag, may decreass the amplification of a rela-
tively long or continuous signal to g hLigh de-
gree, while reducing amplification very little in
the case of pulses having sharp wave fronts or
veaks of very brief duration.

The radio set illustrated in Fig. 2 is intended
primarily for an automobile receiver.  In gen-
eral, the wiring diagram of the set is substantially
similar to that illustrated in Fig. 1, with the
omission of one of the intermediate frequency
tubes 23 and the corresponding transformer 29.
Consequently, corresponding numbers have been
given to similar parts. It may be noted, how-
ever, that the connections to the loud speaker
282 are shown in Fig, 2, while they are omitted
in Fig. 1.

The set comprises a vibrator 283 and associated
transforming and rectifying means 284 adapted
to provide the B supply. for the tubes. Power is
derived from a storage battery 298, which may
be the battery of the automobile. As shown in
Fig, 10, the loud speaker 282 may be located in
the roof of an automobile 26%. The main portion
of the set 287 may be suitably located in the
hamper of the car. This arrangement is particu-
larly suitable for use with a rod type antenna
208.  Thus, the antenna may be mounted at the
rear of the car and may be connected by a rela-
tively short cable 288 to the set 237. The set 287
may be supplied with electrical energy from the
battery 285 through a cable 248, which may suit-
ably include a grounded sheath. The arrange-
ment; of the set 207 remote from the engine and
its high tension ignition system and adjacent
the antenna 288 is remarkably suitable for satis-
factory reception, since pick-up of cbjection-
able disturbances from the electrical system of
the car is substantially reduced. This is not only
due to the distance of the antenna 288 from the
ignition system, but also due to the fact that
the metal body of the car acts as a shield between
the ignition system and the antenna.

Suitable control devices 2{i may be provided.
One of these may suitably be mounted on the
steering wheel column, preferably where it can
be reached without removing the hand from the
wheel. The other may suitably be located in the
back portion of the car for use of the passengers
in the rear seat. In addition to the control units
2!, I provide an indicating device 212 on the
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dashbhoard and a sensitivity control device 213,
also on the dashboard. If desired, there may be
included with these dash mounted devices a third
control unit (not shown) for the convenience
of the other occupant of the front seat. XEach
volume control unit comprises a single pole,
double throw switch 2i5, which can be thrown
one way or the other in order to ground a con-
ductor 248 or a conductor 247 through the volume
control relay 2i5’. It will be obvicus that the
switch 215 may be replaced by a pair of inde-
pendent buttons or cne-way switches. The re~
mote control unit 211 also includes a button 2{8
which can be depressed temporarily in order to
ground a conductor 219 through the volume con-
trol relay 215, The conductor 219 is connected
to the grid of the gas tube {87, which has the
effect of de-ionizing the gag tube and de-energiz-
ing the relays (08 and 223.

Cn the common condenser shaft which carries
the rotors of the condensers 82, 33, and 84, T
mount the slider of a potentiometer 22{. Omne
end of the potentiometer is grounded, the other
being connected to the conductor 222. The slider
of the potentiometsr 221 is connected to one ter-
minal of the indicating device 212, which is a
current respousive indicator graduated in the
frequencies of the broadcasting band. It will
thus be understocd that while the slider of the
potentiometer 221 is located in the housing 287
in the hamper of the automobile, the station to
which the set is tuned is shown on the dial of
the indicating means 212 on the dashboard.

The sansitivity confrol device 2183 comprises
5 grounded arm 241 which is adapted o engage
any of a plurality of contacts 242 on the dash-

toard. These stops are separated by resistances
243 and 244, and the latier is connected to an

adjustable rheostat 248 which may be located in
the housing 287. The rheostat is connected to
lie cathode of the gas tube 187. It will readily
be understood from the description of the pre-
viously described embodiment that the sensitivity
of the tube [T may be given the proper gen-
eral adjustment by the rheostat 245 and may be
adjusted to receive local and distant stations, or
cniy local stations, by the arm 24i{. The effect
of this theostat 268 and the arm 24&1 is, of course,
to vary the relative grid bias of the tube 187. The
windings of ths relays 189 and 229 are arranged
in series in the plate circuit of the tube (07, as
were the windings of the relays 122 and §3 in the
previously described embodiment.

The relay 225 may be associated with a ther-
mostatic eiement 121 which is adapted to hold
the armature and the poles in the position they
ceeupy when the relay is energized. The thermo-
static element (2! is provided with a heating
coil £22 which is connected to the conductor 2E%,
which supplies cuirent to the filaments and also
to the vibrator and rectifying unit when the
conductor 222 is connected to the ungrounded
idz ¢f the battery 248 by means of a switch &d73.
1 the switch 247 is closed, the filaments begin
to werm Up, and at the same time the heater
122 warms up. When the filaments are warmed
up, the thermostatic member {21 is moved away
from the relay 229, with the result that this relay
moves to ils normal de-energized position under
the action of the spring which Is connected to
its armature. The relay 223 comprises a pole
258 which is connected by a switeh 288 to a
switch 258, The switch 248 is physically con-
nected 1o the switch 247 so that the two switches
cpen and close simultaneously. The switch 254
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s adapted to connect to either of two contacts

351 and 252 of the motor 38. The ccntact 251
is connected to cne winding 53 of the motor

connected to the
The two contacts

P
Loy

while the contact ZI2 is
winding 234 of the motor &4,
281 and 202 ave bridged by a high resistance
which damps the commutator ripple produced
by the motor 34, The two windings 243 and 284
are connected through the comrausator 256 to
the conductor 245, The relay 224 inciudes a pole
487, The relay 240 alsdo cumprises a pole 23d
whiclh is connecied thrcugh a condebser 289 to
the autcmatic volume cenircl conductor Z6H.
When the seb is in receiving cendition, the relay
223 is energized and the pole 288 is in engage-
ment with the ground contact 26i. Conse-
guently, the condenser ), which is strictly anal-
:3ous 1o the condenser (1Y of the previcusly de-
scribed embodiment, gives thie necessary delay to
the automatic volume contrcl bias applied to the
wuies 21 and 22, During tuning, that is, when
ithe metor is driving the condensers in search
oi the next station to be tuned in, the pole 288
13 Ii away from the contact 26i, with the
resudt that “fast” autcematic volume control i3
applied to these tubes. When the relay 229 is
Ge-energized, the pole 0%, which is ungrounded,
engages a cuntact 492 which is connected to a
conductor 263, The grounding of the conductor
4553 renders the set mute. When a station is
funed in, the relay 22¢ is energized and the
muing circuit is broken., The pole 248 is adapted
o engage the grounded contact 284 when the
velay &29 is de-energized. When this occurs
whern the seb is turned on, the motor circuit is
completed through grounded conbact 284, pole
248, switch 443, switch 288, and either winding
288 or 234, commutator 248, conductor 243, and
Lattery 269 to ground. 7The motor wiil ke put
inte cperation in a direction depending on the
position of the switeh 288, When the switch 288
is in one position, for example, the position in
which it is shown in Fig. 2, the field winding 253
;s energized and the motor turns in cone direc-
ticni. When the switch 238 is in engagement
1 the contact 282, the winding £54 is ener-
gized and the motor turns in the opposite direc-
tion. It will be understood that the switch 253,
like the switch 87 or &3 of the previously de-
scribed embodiment, is actuaied or reversed by
the gang of condenscrs when the same arrives
at an extreme position. Consequently, the con-
densers will be moved ircm one extreine positicn
o the other continuously until a carrier is re-
ceived with sufiicient signal strength to energize
the gas tube 07, whereupon the relays 108 and
224 ave ensrgized, arresting the moveraent cf the
condenser and breaking the motor circuit esiab-
lisned between the pole 248 and the contact 264.

The device just described with respect to Fig. 2
wiil be understecd more fully in its physical em-
bodiment, as shown in Figs. 10, i1, 12 and 138.
The motor 38 is provided with a shaft 265 which
carries & pinion 238 cn its ouler end. On the
inner side of the pinicn 28§, the shaft 265 is
provided with a coilar 257 which serves as an
shutment for a spring 203 located around the
shafi 209 and serving to apply friction, with the
aid of suitable washeis, to a pinion 259, other-
wise freely rotatable on the shaft 263. The pin-
icn 285 meshes with a gear 213, which is pro-
vided with projections 271. The projections 271
are adapted to be engaged by one or more pro-
jections 272 on a pinion 273, which is mounted
for slight axial movemnent in alignment with the
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gear 270. The pinion. 213 is quite similar to the
pinien {53 shown in Fig. 5, which pinion is actu-
ated by the relay 189 in the manner described
abiove in connection with the first embodiment.
It is to be noted, however, that the relay 109 is
located at an intermediate point of the gear
train, which gear train comprises the elements
266, 210, 273, 274, 215, and 276, which is mounted
on the shaft 277, which carries the gang of tuning
condensers and the contact arm of the potenti-
ometer 22§. The element 276 carries projections
279 which ate adapted to cooperate with the arm
280 of the reversing switch 258, previously de-
scribed.

The pinion 269 is connected through a frain
of gear elements 282, 283, 284, 285, and 288, to
a shaft 289 of the volume control 288. The shaft
289 also controls two switches 247 and 24§ mount-
ed on the back of the volume control 299, so
that the set may be turned off by turning the
volume centrol beyond the zero velume positicn in
the volume decreasing direction. The train of
gears 282 to 285 is adapted to be arrested in
definite position by means of the relay 215’. The
armature 28{ is normally pressed outwardly by
means of a spring 292 so that its reduced outer
end 293 is adapted to prcject between the spokes
of the gear element 284,

The operation of this embodiment is as fol-
lows: The two-way switeh 2(5 is thrown to one
side, for example, to the left, as viewed in Fig. 2,
so as to complete a circuit from ground through
the relay 215’, conductor 294, switch 215, con-
ductor 216, winding 254, conductor 248, and bat-
tery 2685 to ground. This drives the shaft 289
in a direction to close the switches 24T and 249
and to increase the volume level. When the
switch 215 is released, the motor is stopped. The
battery now supplies current to the filaments
through conductor 248, switch 247, and conductor
222, Tt may here be interposed that if the volume
level is too high, it may be lowered by merely
throwing the pole of the switch 215 into contact
with the conductor 217, whereupon the motor
is driven in the opposite direction until the volume
level desired is attained. When the set is first
turned on, the thermostat (21 is cold ‘and main-
tains the poles 257, 258, and 248 in the position
they occupy when the relay 228 is energized.
Consequently, the motor cannot be actuated ex-
cept by the switeh 248, in which case the relay
218" is energized. When the relay 215’ is ener-
gized and the motor circuit is completed, the
projection 283 of the armature 28! of the relay
215’ is withdrawn from“the gear 284, and the
motor starting, the gear train 282 to 286 is
effective for driving the shaft 283. When the cir-
cuit of the motor through the volume control
relay 215’ is opened by releasing the switch 215,
the de-energization of the relay permits the
spring 292 to thrust the armature 234 outwardly
so that its projection 283 engages and arrests the
gear 284. At the same time, the motor is de-
energized and the inertia of the armature is ac-

commodated by the slippage of the shaft 265 rela-

tive to the pinion 289. The operation of thé
motor 36 changes the position of the gang of
condensers and associated elements. If the gang
of condensers is left so that no carrier wave is
being received with sufficient strength to effect
the ionization of the gas tube {07, then the relays
129 and 228 are not energized so that the clutch
elements 271 and 272 are in cooperative relation.
Consequently, the motor, when it starts, is
adapted to drive the gang of condensers. The
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motor goes into operation to drive the condensers
when the heater 122 has raised the temperature
of the thermostatic element (21 adequately. The
motor circuit is completed from - ground through
the contact 264, pole 248, switch 249; switch 250,
the motor 36, conductor 28485, battery 205, and
grounded conductor 219. During this cperation,
the condenser 289 is not grounded, and conse-
quently, fast automatic volume control is applied
to the grids of the tubes 2! and 22. When the
condensers tune. in a carrier wave of ‘sufficient
strength, the gas tube {67 is ionized rand the
relays 109 and 220 are energized. The energiza-
tion of the relay (09 effects an immediate inter-
ruption of the drive of the gang of condensers,
and the energization of the relay 220:interrupts
the motor circuit and effects the grounding of
the condenser 258. It will, of course, be under-
stood that when the relay 228 is- de-energized,
the set is muted through the engagement of the
pole 257 with the contact 292 When the relay
228 is energized, the muting circuit ig interrupted
by the downward movement of the pole 257 as
viewed in Fig. 2.

‘The set being now in condition to receive a sta-
tion if one of the buttons 218 is pressed in-
wardly, the grid of the gas tube {87 is.grounded
and the tube is de-ionized. This grounding oc~
curs through the volume control relay 218, but
this relay is not actuated since only a negligible
current flows. The de-energization of the relays
129 and 220 causes the motor.to be put into op-
eration and it remaing in operation as leng as
the button 218 is pressed. When the button isre-
18ased, the motor continues to operate until the
condensers tune in a station-of sufficient signal
strength to ionize the tube 187. °This ionization
is effected by -a positive: voltage applied to the
grid of the tube through the switch 24, which
is controlled by a governor or other timing device,
such for instance, as that described in cennec—
tion with the previous embodiment.

I have found it to be advantageous to locate
the clutch elements 27! and 272, together with
the contrel relay 189, at an intermediate point
of the gear train between the mofor pinion 268
and the-gear 278 driving the gang of condensers:
At the low speed end of the train, the torque
transmitted by the clutch is high, and the clutch
elements-would require g larger amount of energy
for 'quick disengagement. Cn the other hand, at
the high' speed end: of the train, the torque -is
small but the energy of rotation of the clutch
members- which remain connected to the con-
densers after the clutchis disengaged-is high, As
a matter of fact, this energy of rotation increases
with the-square of the speed and tends to pro-
long the time between the disengagement of the
clutch and the stoppage .of the condenser. For
quickest condenser stoppage  with reasonable
clutch operating forces, a location of the clutch
at an intermediate point of the gear train is
highly advantageous. It is also desirable to de-
crease as far as practical the energy of rctation
of all the parts which remain connected to the
condenser shaft 271 and rotate therewith after -
the clutch is disengaged. Those elements, such
as the gear 279, which are disconnected from the
condenser shaft 211, after disengagement do not
contribute to the continued rotation of the con-
denser; therefore their energy of rotation may
be disregarded.

In Figs. 14, 15, and 16, I have shown a modlﬁed
clutch arrangement operated by the relay 108.
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gear 274 of the last described embodiment and

the gear 297 corresponds to the gear 210. The.

gear 298, which meshes with the gear 296, coire-
sponds to the gear 273. The hub of the gear
287 carries one or more projections 299 which
are adapted to be engaged by an arm 390 rigidly
carried on the end 301 of the shaft member 302.
The end 281 is round and has a bearing 303 in
a plate 304.  The plate 304 is rigidly mounted
upon and in spaced relation to a plate 385. The
plate 385 is provided with a bearing 386 for the
enlarged portion 387 of the shaft member 302.
Between the enlarged portion 307 and the end
portion 301, the member 382 is provided with an
intermediate portion 308 which is of non-round
exterior shape. It may be square, as shown in
Fig. 16, and it extends through a bore 388 of
corresponding shape in the gear 298. The gear
298 is located between the two plates 384 and
305, and the member 302 is freely movable within
it in lengitudinal direction. Between the plate
364 and the arm 389 a conical coil spring 310 is
situated which urges the shait member 362 nor-
mally to the right, as shown in Fig. 15, pressing
the rounded end 38! against the flat center por-
tion of the hub of the gear 287. It may here be
noted that the gear 297, the member 392, and
the pole of the relay 189 are in axial alignment.
The end of the enlarged portion 387 of the mem-
ber 302, that is, the end which is normally lccated
adjacent the pcle of the relay 109, carries a
frustro-conical head 313 of magnetic material.
This head flares outwardly from the enlarged
portion 387 and terminates in a large flat facé,
thin at the periphery, located quite close to the
pole of the relay 108. as shown in Fig. 15!

When the relay 189 is not energized, the ele-
ments just described have the relation shown in
Fig. 15." The spring 319 forces the end portion
of the shaft member 30! into contact with the
hub of the gear 2871. A friction washer 311 made
from material such as Bakelite surrounds the
pole piece of the relay {08, projecting a few
thousandths of an inch beyond the face 312.of
the pole piece. When the head 313 is attracted
by the energization of the relay 188, it bears upon

the surface of the washer 311 and does not make-

contact with the pole face, remaining separated
from the face 3{2 of the pole piece by a small
air gap. The washer 311 constitutes an effective
braking surface against which the rotation of
the head 313 of the shaft mémber 302 is effec-
tively braked when the relay 109 is energized.
In this embodiment of the invention, part of
the gear train of the tuning control is common
to the gear train of the'volume control,” both
trains including the motor pinion 266 and the
gear 287. The pinion 382. which is integral with
the gear 287, meshes with a gear 383 mounted
for free rotation on a stub shaft 384:. TUpon the
shaft 324 is mounted a pinion 385 which is
adapted to be moved on the shaft towards the
gear 383. The gear 323 is provided with a plu-
rality of proiections 388 directed towards the
side on ‘which the pinion 285 is located. The
adjacent end of the pinion 385 carries an arm
387 which is adapted to engage one of the pins
386 when the pinion 385 is moved to the left, as
viewed in Fig. 14.. This movement of the pinion
385 is effected. by 2 rod 38f{ which abuts against
a disc 388, rigidly mounted in the end of the
pinion 285 remote from the gear 383. The rod
381 is mounted for axial movement in a support
389. The rod 281 is moved to the left, as viewed
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In these figures, the gear:298% corresponds to .the:

in Fig. 14, when the volume control relay 332
(Fig. 17) is energized. The relay 21%’ may also
be adapted to operate the rod 232{ when ener-
gized, if it is desired to employ the volume con-
trol clutch shown in Fig. 14 in connection with
the embodiment of the invention illustrated in
Figs. 11, 12, and 13.

In the embodiment of the invention illustrated
in Fig. 17, which like Fig, 1, is adapted to cperate
from an alternating current supply, an interme-
diate frequency tube is indicated by the reference
numeral 24, This tube is coupled through the
transformer 30 to the diode detector and first
audio frequency amplifying tube 25, the relation
of the tubes being substantially similar to the
relation of the corresponding tubes in Fig, 1. A
winding 87, which is closely coupled to the tuned
secondary of the transformer &8, is connected
to the first grid of the double triode 322. 'The
first plate circuit of the tube 329 includes a.
sharply tuned high Q circuit comprising a wind-
ing 321 and tuning condenser 322, by means of
which the plate circuit is tuned sharply to the
intermediate frequency. The winding 22! is
coupled to a winding 323 which is connected to
the second grid of the tube 328. The winding 321
is also coupled to a regererative coil 324, which
is connected to the first cathode of the tube 320,
and serves to feed back energy from the plate
circuit to the grid circuit of the first triode ele-
ments of the tube 320. The regenerative coil 32
is connected through a condenser 325 and ad-
justable rheostat 325 to ground. The rheostat
326 is adjusted to prevent oscillation while pro-
viding the desired regenerative feedback. The
second set of triode elements of the tube 328 are
analogous to the tube 39 of the first described
embodiment. Regeneration is employed in this
arrangement to increase the Q and therefore the
selectivity of the stop-on-carrier tuned circuit.
The double triode arrangement :is employed to
prevent coupling between the regenerative stop-
on-carrier circuit from adversely influencing the
by-pass characteristics of the transformer 83. A
single triode, as shown for instance in Fig. 1,
may of course be employed with the control cir-
cuits of this embodiment of the invention. The
cathode of this tube is connected to an induci-
ance 123 and resistance 125 to ground. The in-
ductance 123, resistance 125, and condensers 124
and 128 have the same relation and function in
a similar manner to those of the previous em-
bodiment. The inductance 123 and resistance
125 are connected to the grid of a gas tube 157
The power supply includes an auxiliary trans-
former 55 and.a power transformer 53. The npri-
mary of the transformer 55 is controlled by a
switch 64. 'This switch is physically connccted
to a switch €5 so that these switches open and
close together and are mounted on and actuated
by the volume control. These and the other
elements of the power supply unit are similar to
those of Fig. 1 and are indicated by the same
reference numerals.

The set may include a remote control unit sim-
ilar to that of the first described embodiment.
This unit may comprise switches 75, 1§, and 77.
The switches may be connected to 2 common wire
12, which is adapted to be grounded throuzh a
switch 321. The other side of the switch 75 is
connected to the other side of the switch 76
through a resistance 718. Said other side of the
switch 76 ‘is connected by a conductor 78 to a
relay 328 and to a contact 328. The other side of
the switch 1T is connected through a conductor
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1 to a relay -332 and toa pole 333 -of adouble
pole switch which. includes s pole 334 mechani-
cally connected to the pole 838. The exterior
porticns of the three .conductors 18, T4, gud 72
may be formed into a cable:and be connescted to
the set by means of a plug 335 which is adapted
to be inserted in a receptacle :336. The remote
control may be remeved from the:set by merely
withdrawing the plug 325.

It will readily be understood that a plurality
of ‘units 14 may be employed, if desired, the cor-
responding elements being merely connected in
parallel; as shown in Fig, 1.

The switch 327 is a single pole switch atapted

in one position to connect the :conductor 92 to
ground. This switch is physically .connected to
the switch 3838’ which is adapted, when the
switch 827 is open, to conhect conductor 337
to .contact 338 .of the relay 328. One side of
the secondary of ‘the _
nected to the winding of the relay 332 and to
the relay :328. One side of the switch 8% .is
connected ‘to ‘the pole 339 :of relay 390. The
other side of the switch 65 s connected to con-
tact 344 of relay 332.

A switeh pole 342, coritrolied mgnually by a
button 343, is normally in engagernent with -a
resilient” contact 244. When. the button 243 is
pressed inwardly, the pole 342 is moved away
from the contact 344, When, however, the but-
ton 343 is pulled outwardly, thati is, downward-
ly, as viewed in Fig. 17, the confact 344 is
brought into ‘éngagement with ‘the contact &23.
The contact 384.is connected to a pole 8345 which
is normaglly in engagement with the-contact 338,
When the relay 328 .is ‘energi%ed, the podle 315
moves away from the contact 328. - The pole 342
is connected to a contact 345 which is norinally
engaged by the manually .operable two-way
switch pole 347.
tained in neutral position, as shown in Fig. 17,
by means of springs 348. The switch -pole 347
is groundsd. When the switch pole:347is thrown
in one direction, it is brought into ‘engagement
with the contact 349, which is conhected to ‘the
contact 358, asscciated with the pole'333. "When,
however, the swilch pole 247 is thrown in the
other direction, it is brought into engagement

with contact 35{, which is connected to a con~
tact 352, also associated with the ‘pole 383. The
contacts 338 are also connected to contacts ‘358
and 3%2. An arm 381, meving with the shaft
of the gang of condensers, from which it is in-
sulated, is adapted to engage contacts 330 at
each end of the condenser travel, automatically
reversing the direction -of the condenser travel.
The arm 8! is connected through & switch 489
to a contact 881, which is normally ‘engagzed by
t‘ne grounded pole ‘350. The switch 489 is me-
chanically ccnnected to the switches £4 and 38
50 tznt the contacts 2i0 cannot be grounded
when the relay 332 is energized-or the switches 54
and 63 are open. The secondary-of the irans-
former 55 is connected to beth windings 358
and 358 of the reversible motor 88 which adtu-
ates the tuning condensers snd also the volumes
control. The windings 383 are connecied 9 a
contact 355 on one side of the pole 334. The
windings 354 are connected to a contact 356 on
the other side of the pole 334, The armature of
the relay 832 carries a finger 358’ which is
adapted to cooperate with .a ratchet wheel 351
The ratchet wheel 357 is rigidly connected tq a
cam wheel 358 which is provided with a series
of alternating recesses and projections. The

Fransformer 55 is :con- ¢

The switch pole $47 iy main-~ i
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cam wheel is .adapted to cooperate with a cam
member 358 carried by the pole 334. Bach time
the relay 882 is energized, the cam wheel 359 1s
tuned one step, moving the projection 353 from
a hump on the cam wheel into a recess on ‘the
cam Wheel or vice versa. Consequently the
poles §338 and 324 are moved alernately Irom: a
position in which they engage the -contacts 350
and’ 889, respectively, to another position in
which they engage the contacts 362 and 358, re-
spectively, and vice versa. -On each-énergization
of the relgy 332, tlhie pole 38D :engages the con-
tact 341 .and may immediately separate there-
from. The anmature of the relay 238 is pro-
vided with a projection 251 which is adapted to
engage @ ratchet wheel 862 in the same mannar
as'the projection 358" engagzes the ratchet wheel
351, The ratchet wheel 352 is rigidly connected
to s cam wheel 838 which is similar t0 the cam
wheel 388. 'This cam wheel cooperates with a
projection 384 on a pole 385, 'The pole 385 is
rigidly connected ‘to a pole 368.. When the pro-
Jection 884 is received in a recess in. the cam
wheel 363, the pole 388 engages a contact 387,
which: .contact is connected to-an incandescens
lamp 368. The other side of the incandesdent
lamp and the pole 388 are connected to the filg-
ment supply, and it will' readily be undersiood
that when the cam wheel 363 is-in the pésition
in which it is shown in Fig. 17, the lamp 383
is illuminated. It shines through a window 263
which may include a layer of translucent ma-
terial 378, This materis! may, for example, be
white Celluloid. On the rear side of the shest
370 is a layer of colored material 87f, whizh
may be red. This layer carries, suitakly in black
or in letters of a contrasting and preferably
opague color, a suitahle indieating lesend, such
as'the word “distant.” On the front of the layer
370 is carried anocther suitable legend, such as
the word “local.” This legend should be trans-
lucent and have the same color as the layer 371,
namely red. It will readily bz understood that
when the lamp. 388 is lit, the legend “distant”
appears to the ohserver, the legend “locai” he-
ing obscursd by the general backesround of the
same color. When, however, the lamp 25§ is not
lit, the rear ]egend_ “distant” is not seen, and
only the front legend, for exareple, “local” is
seen by the observer,

The 'gas tube {87 has ‘associated with it re-
sistances 189, 185, 108, and 111, and condenser
112, in the same relation as descrlbed in con-
nection with the first described embodiment,
The resistance (85 is adapted. to be grounded in
one position of the cam wheel :363 through con-
tact 372, pole 385, contact 328, pole 345, contact
344, pole 342, contact 386, and pole 347. When
the'cam wheel 353 occupies its other position, thag
is, the position shown in. Fig, 17, the resistance
108 is grounded through :contact 373, pole 385,
and other connections, as before. It is to be
noted that one or the other of these two re-
sistances is grounded at.all times except when
the relay 328 is energized, or when the button 343
is pressed, or when the pole 347 is out of en-
gagement with contact 848.

The pole 338 of the relay 349 is rigidly con-
nected to the grounded pole 374, A thermostat
375 keeps the pole 339 and 374 in the positions.
they occupy when the relay 348 is energized. The
thermostat 373 is controlled by a heater winding
376 which is connected to the filament supply
and is turned on when the switches ‘64 and 65
are closed. When the relay 340 is-energized, the
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pole 339 is moved away from the grounded con-
tact 31T and the pole 374 is moved into contact
with the contact 378, which is connected to the
automatic volume control delay condenser 378,
which operates in the manner hereinbefore de-
scribed in connection with the corresponding
condensers {19 and 259. At the same time, the
pole 3714 is moved away from the contact 380,
making the signals audible which were muted
during tuning in the manner hereinbefore de-
scribed. Assuming that the switch 327 is con-
nected to the conductor 12, that the switch 336’
is opened, and that the cable T3 is connected
to the set, then if the set is out of operation,
the switches 64 and 65 are opened and only the
transformer §5 is energized. The set is put into
operation by pressing the button 77, whereupon
a circuit is completed frem ground through the
switch 3827, conductor 12, switch 77, conductor
11, relay 332, and secondary of the transformer
55 to ground. The movement of the armature
of the relay 332 moves the pole 380 into engage-
ment with the contact 241, thus completing a
circuit through the mofor 36 and through one or

the other of the contacts 3855 or 356 which is o

engaged by the pole 334. If the resulting rota-
tion of the motor does not start the set, the
button 17 is released and pressed again. This
actuation results in changing the pole 324 into

engagement with the proper contact to start :

the set. When the relay 322 is energized, the
clutch for the volume control is put into en-
gagement by the rod 381 and consequently the
operation of the motor in the proper direction

closes the switches 64 and 65 and continues to

turn the volume control in the direction to in-
crease volume as long as the butten 77 is pressed.
The button is released as soon as the switches
64 and 65 are closed. Then, as soon as the fila=
ments of the tubes are heated, the volume may
be adjusted to the proper level. If, at any time,
the volume level is too high, it can be lowered
by merely pressing the button 77 again. If too
low, the button 17 is again pushed. This actua-

ticn results in the fact that the pole 334 is moved 4+

to the right or to the left by the cam wheel 358
on each actuation of the button 77. The closure
of the switch £4 results in the energization of the
filament supply. Until the filaments heat up, the

thermostat 375 holds the pole 339 out of engage~ ¥

ment with the contact 371, and the motor can-
not be put into operation except by the button
71. When the heater 376 has warmed the
thermostat up, the pole 328 moves upwardly

into. engagement with the contact 37171 if the set -

is-not receiving a signal sufficient to maintain

[

10

20

the tube I€7 icnized. Consequently, the motor is

put into operation in a direction depending upon
the position of the pole 334 until such a station
is tuned in by the gang of condensers.. Owing
to the nonionized state of the tube 107, the relay
189 is not energized. When a station is received
with sufficient signal strength, the tube 197 is
ionized and the relays 348 and 188 are ener-

gized. The energization of the former opens ©

the motor circuit and the energization of the
latter declutches the condenser drive and applies
a brake. The tube 197 remains ionized while
the station is being received. When the button

15 is pressed, a circuit is completed from ground 7

through the resistance 18, the relay 328, and the
secondary of the transformer 55 to ground. The
energization of the relay 328 moves the pole 245
away from the contact 328, thus breaking the
circuit which connects resistance 185 or 188, de-
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pending upon the position of the pole 365, to
ground. It will be readily understood that when
this ground connection is broken, the voltage of
the cathode of the tube {07 attains a high posi-
tive value corresponding to a high negative grid
bias, the plate circuit is broken, and the tube
is de-ionized. The de-ionization of the tube 1071
causes the relay 109 to relax the brake and en-
gage the clutch, and causes the relay 348 to
ccmplete the motor circuit. The direction of
rotation of the motor depends upon the position
of the pole 334. If it is desired to reverse this
direction, it is merely necessary to close the
switch 71 for the shortest possible time. 'This
will have no appreciable effect upon the volume
level. It is here to be noted that the energiza-
tion caused by the button 75 is insufficient to
cause actuation of the ratchet wheel 362. If the
button 76 is depressed, it has the same effect as
the button T5 as has just been described, with
the addition that the cam 383 is moved one step
and the circuit connecting the plate of the tube
{097 to ground is changed from resistance (05 to
resistance 188, or vice versa, changing the sensi~
tivity of the stop on carrier tuning system. At
the same time, the incandescent lamp 368 is
either extinguished or lit, as the case may be.

The energization of the relay 332 displaces the
rod 83! which controls the volume control clutch
in the manner described in connection with Fig.
14. During normal operation of the device, to
change from station to station, it is merely nec-
essary to push momentarily the button 78. When
the condenser shaft 134 reaches the end of its
travel in either direction, a circuit is completed
through the relay 332 by the contact 331, which
moves with the condenser shaft 334, engaging
one of the contacts 330, thereby producing the
same effect as if the button 7T had been pressed
momentarily. The result is that a circuit is com-
pleted through the relay 332 for a short time,
which has the effect of reversing the motor, the
motor current being passed through the windings
353 or windings 354, depending upon the position
of the pole 334. If it is desired to reverse the
movement of the condenser shaft 134 at any
time, it is merely necessary to press momentarily
the butten 77. . This changes the location of the
pole 334. This enables a user to go back imme-
diately to a station which he has just left. All
he has to do is push the button 17 momentarily
and then the button 15 momentsorily. The rota-
tion of ‘the tuning condenser or other type of .
variable reactance is controlled by the relays 169
and 340. The volume control clutch actuated
by the rod 881 is operated by the relay 332, and
may suitably be of the construction illustrated in
connection with Fig. 14 or Fig, 18,

The manual controls 343 and 347 on the receiver
are adapted for operation of the set without the
aid of the remote control unit 74. Thus, if the
button 343 is pressed, the cathode circuit of the
tube 107 is broken and the tube de-ionized. The
result is that the relays 109 and 340 are de-ener-
gized so that the motor circuit is completed so
as to drive the condensers. When a signal of
adequate strength is received, the buttons 343
having been previously released, the tube 107
becomes ionized and the resulting energization
of the relays 188 and 349 stops the condensers in
tune with the received carrier. When the switch
341 is moved away from its intermediate posi-
tion into engagement with one of the contacts
349 or 351, the cathode circuit is likewise broken
and the motor tends to go into operation in the
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Thus, if

direction determined by the.pole 334.
the switch: 34T is thrown into engagement with
the contact 35!, no ¢ircuit is completed; since the

pole 333 is out. of engagement with the contact:
The.

352 which: is' connected: to-the contact 5.
motor therefore: operates in. a direction deter-
mined by the windings 383, and it is preferred
that the manual displacement of the switch 347
in either direction should: cause the retation of
the dial in the corresponding direction.. If, how-
ever, the switch 34T is thrown in the opposite

direction, that is, into engagement with the con-

tact 349, a circuit is completed. from ground,

<,
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switch 341, contact 349, confact 353, pole 3835, -

relay 332, and secondary of the transformer 5%
to ground. The energization of the relay. 332
results in the rotation: of the cam wheel 858 one
step and the movement of the pole 3838 away from
the contact 350, thereby breaking the circuit

completed by the switch 34T and displacing the.
pole 334. into engagement with the contact 358. ~

The motor is now energized through the wind-
ings 334 and operates in:the opposite direction.
It will be understood. that the motor will continue
to operate in the appropriate direction as long
as the switch 347 is held in engagement with the

contact 349 or 351 and out of engagement with,
the contact 346. When the switch 347 is released, -

the motor will: be arrested by the tuning in of
the next carrier of adequate strength. When it

is desired to change the sensitivity of the stop :

on carrier system, the button 343 is merely pulled
outwardly. This results in the completion of 2
circuit through the relay 328 and a stepwise
movement of the cam wheel 363.

The manual controls 341 and 343 are adapted
to be used for tuning without the automatic stop
on carrier feature. For this purpose, the switeh
321 is opened and the switch 338’ is closed. The
plug 335 may be removed from the receptacle 336,
if desired. This is not necessaty, however, since
the remote control unit 715 is rendered inoperative
by the opening of the switch 821. Owing to the
closing of the switch. 335, the plate of the tube
107 is grounded directly through the switch 338*
contact 338, pole 345, contact 244, pole 242, con-
tact 346, and switch 2417. Consequently, the tube
107 is ionized at all times except when this circuit
is interrupted. The circuit may be interrupted
by pressing the button 343 inwardly, whereupen
the motor will go into.operation to tune the con-
densers in a direction determined by the pole 334.
‘When the button 843 is released, the motor stops
immediately. When the switch 347 is thrown
into engagement with the contact 349, the motor

operates in one direction, and when it is thrown.
into engagement with the contact 351, the maotor

operates in the opposite direction. When- the
switch 347 is allowed to return to normal position,
the motor stops operating. Congsequently, by
merely manipulating the lever 347 in one direc-
tion or in the opposite direction, the dial indi-

cator will be caused to move in corresponding:
directions to any desired extent. When operat-

ing in this way, the set may be finally tuned by
hand.

When controlling the set by means of the con-

trols 343 and 341, it is preferred to actuate the

volume control of the set by hand.

In the embodiment of the invention illustrated
in Figs. 18 and 19, the relation of the motor 38
and the stop-on-carrier relay 108 is substantially

similar to-that illustrated in Figs. 14 and 15, and.

corresponding: parts: are designated by similar
reference numerals,

In this embodiment of the:
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invention, the. gear 383:is rigidly mounted: on a-
shaft 380 which is rotatably: mounted o chassis:
frame members 391 and 382.. This shaft cdrries
o knob- 383 whereby: the set. can be tuned: nian-
ually, for example, a set such as that described in:
connection with: Fig, 17, or. ¢ther arrangemen’ss‘
adapted to manual tuning.

It will be understood from: the p;evxous de=
scrlp,tlorv that when. the relay 189 is energized;
the arm 389 is withdrawn: from -engagement with:
the pin 298, Conseéguently, the knol 383 may be
turned. at will without rotéting the- armature of:
the: motor 341 .

The shaft 389 carries a pulley 3984 cver which:

- passes & belt 386 - This belt passes twice around:

a drum 33§ and around-an idier 28%. The idler:

387 is carried at owe end of;a lever $98% which:-
is pivoted at 389to the-chassis: - The lever-388 is:
bhiased: by o spring. $8% so-that it tends to-keep
the belt 3¢5 at. substantially the same degree: of.
tautness at:all times:

Upon the shaft 58 ow the rear side of the
pulley 384, T mount’ for free rotation a boss ‘At
of an: arrm402.  The boss 481 is normally pressed:
into frictionsl relation. with the: pulley 3%4 by
means of o coller-483 and: spring.404. . The col=
lar: 483 is- provided -on .its rear side-with a flange-
05 which is engaged by a yoke formation: en'the:
upper-end- 6f & lever 80%. 'The lever 406 is:
pivetally tnounted:on-g frame member 46T and:
isrnormally, biased by.4 spring: 488-so: as to move:
the eollar 483 away: from: the: boss 40+ against
the pressuré of the-spring 484: The spring: 488+
is stroriger: thian  the-spring 434+ so that the boss:
4814 is normally [ree-om: the shaft 3%3: A con~
tact member 489 on the-lever 408:is adapted:to
ke erigaged-by-the shaft ¢f the motor which: car-~
ries the pinion 258, 'The armature of the motor
is arrarged to have g substantial-axigl movement:
towards the left, as viewed in: Fig. 19; when' it is-
pud inte operation.  Consequently, when the -
motor-38: starts, the -armature moves to -the:left
and the laver 488:is: moved tg the-left; as viewed:
iy Fig. 190 When: this occurs, the: spring: 404
forces -the - collat- §43 inito engagement with- the:
koss: 481 so-that the arm-402 is driven with the:
shaft 380 until.it reaches an abuiment, where«
after the arm 482 is arrested: and- remains- sta~
tionary, noetwithstanding. the:continued. rotation:
of the shaft 398. )

- The arm- 482-carries two adjacent rearwardly
directed . pins #id: which- gre located: normally:
orie on .each: side:of a spring: contact 41f.. When:
the colldr-4§3.is: moved away: from the boss- 401,
the-arny. 482 is mowved: by the spring contact. 441
into the. poesition:in: which-it-is shown in Fig. 18.
Wthien, however,. the: motor: is:put-into eperation-
in one direction or the other, the'boss 481 is-fric~

icnally heid ggainst the:pulley 384 so that. the:
arm 482 is cairied.in one:direction or: thie .other.
by thz initial rovemerit of the motor. In its:
normal position; the- contact: &t is- located . in:
mtermediate relation to two: rigid contacts 412,
these  contacts. being  spaced. from- the normal: -
pesition of theé contact 441 to: such an- extent:
that. thie contacti member 4 ki is-brought into-en--
gaggement with: ene o1 thie-otlier of the-contacts:

&8 after the operation-of the motor:to-a pre-
determined -eztent; for example, to-an extent cor-
responding. - to & mevement of the: condenser:
which will change-the- frequency-of the inter~
mediate: signal about: five to- eight kilecyeles.
This: particular number- of  kilocycles is selected
in view-of the faet that-at the present time the.
frequencies. of broadcast. stations-are separated
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by ten. kilocycles. It is only necessary that the
motor should operate sufficiently to diminish the
signal received from the station which it is de-
sired to tune away from to such an extent that
this signal will not again energize the stop-on-
carrier relay 109, The two contacts 442 are con-
nected together and to a conductor 4i3. The
contact 411 is connected to a conductor 414.
These three contacts may be located in the re-
lation occupied by the switch 124’ in Fig. 1, that
is, in the cathode circuit of the stop-on-carrier
tube 89. The conductors 413 and 414 may also
be connected in series with the cathode circuit
at the point {24’ in Fig. 17. The net effect of
the switch constituted by these contacts is simi-
lar to but more exact than that cbtained by the
switch 124, which is controlled by the governor,
as has been previously described.

The drum 396 is rigidly mounted on a hub 415,

which:is rigidly secured to a sleeve 416, for ex-~

ample, by means of a set screw. The sleeve 416
is rotatably mounted on the shaft 134 which ex-
tends from the shaft 277 of the gang of con-
densers. . The shaft 134 is for the purpose of
carrying the hand or indicator 228 which co-
operates with the dial 238.. The inner end of the
sleeve 416 is formed to provide an inner race 418
for a plurality of balls 419. The outer race for
these balls is provided by two annular members
420 which are resiliently held together by means
of bolts 421 and springs 422, The annular mem-
bers 420 may suitably consist of washers, the in-
ner portion of which are displaced into frusto-
conical form. The frusto-conical formations of
the two annular members are located in diver-
gent relation, as best seen in Fig. 19, so that op-
posite sides of the balls 419 are engaged by them.
The annular members 429 are provided with a
circumferential series of notches 423 which are
adapted to receive a tooth 424 carried by a lever
425. The lever 425 is pivotally mounted on the
frame member 392 and it is biased towards the
annular members 429 by means of a spring 426.
A cord 427 is connected to the lever 425 and to
a drum 428 which is rigidly carried by the shaft
429 of the wave change switch. The arrange-
ment is such that the tocth 424 is maintained
out of engagement with the annular members
420 during ordinary broadcast reception, but
when the shaft 429 is rotated in the clockwise
direction, as viewed in Fig. 18, to adapt the set
for the reception of short wave transmission, the
spring 426 is permitted to draw the tooth 424
into one-of the recesses 423. Conseguently, when
the receiver is set for the reception of short wave,
the outer race of the balls 419 is held stationary.
The balls 419 are located in openings 430 of a
sleeve 431, which is rigidly secured to the .shaft
2171 of the gang of condensers. The outer end
of the sleeve 431 is reduced and extends into the
interior of the sleeve 415, providing a shoulder
in register with the inner end of the sleeve 415.
Between said shoulder and said inner end, I
locate a spring washer or other suitable friction
member 432. When the drum 386 is driven, the
lever 425 being in the position shown in Fig. 18,
the sleeves 415, 416, and 431 rotate as a unit so
that the gang of condensers is driven directly.
‘When, however, the annular members 420 are
held against rotation by the tooth 424, the rota-
tion of the sleeve 431 directly by the sleeve 415
is prevented.” The balls 419 are caused to.roll
arocund the outer race by the rotation of the in-
ner race member 418 so that they execute a
planetary movement around the axis of the shaft
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134.  This movement is very substantially slowey.
than the rate of rotation of the drum 396, and
consequently the rate of drive of the gang of
condensers is reduced to any. desired extent so
as to adapt the set for accurate tuning on higher
frequency bands. It will be understood in this
connection that to maintain a high accuracy of
tuning, it is desirable to reduce the speed of
rotation  of the condenser when the set is
operated on higher frequency bands. '

The operation o; this embodiment is. as fol-
lows:

When the set is receiving .a statlon Lhe motor
36 is not operating, and consequently, the arm
402 and contact 411 occupy the positions shown
in'Fig. 18, When the motor is put into opera-
ticn, as described in. connection with the previ-
ously described embodiments,:and. the. gas tube.
107, becoming de-ionized, the drive of the gang:
of condensers is ‘put. into operation: and cen-
tinues until the tube 107 is again ionized, the
relay 189 is energized, and the motor 36 is
stopped. : When the drive of the condensers starts,
the arm 402 moves with the shaft 338. When
the motor 36 is started, the axial movement of
its armature displaces the lever 406 to the left,
as viewed in Fig. 19. "The collar 433 is now iree

‘to be pressed by the spring 494 against the hub

481 of the arm 402, which is in turn pressed:
against the pulley 394. Consequently, the arm-
402 moves until the contact 4f1 is brought inic
engagement with one or other of the contact
stops 4i2, depending upon the direction of rota-
tion of the motor. Until the contact 4if has
engaged oune or other of the contacts 412, the
stop-on-carvier system is- rendered -inoperative.
Consequently, the receiver will tune away from
the station being received, notwithstanding that
the cathode circuit of the tube 107 is opened for
the smallest possible time. When the contact
411 reaches one of the contact stops 412, the arm
402 is no longer able to move with the shaft 386
and consequently its hub 461 slips on the shaft
until the next station is received which -is strong
encugh to actuate the stop-on-carrier mecha-
nism. When the motor 35 is thus arrested, the
spring 468" moves the lever 486 to  the right, as
viewed in Fig., 19, and the hub 401 of the arm
492 is released so that the contact 411 is enabled
to move to its neutral position shown in Fig. -18.
t is to be noted that the movement of the con-
tact 4i1 away from the contacts 412 does not
de-icnize the tube 137. This de~-ionization can
be effected only by manual operation in the man-
ners hereinbefore indicated, that is, by ground-
ing the grid of the gas tube 187 or breakmg its
cathode circuit. It will be understood {from the
previous description that when  stations in the
ordinary broadcast band are being received, the
drum 286 drives the gang of condensers directly.
Whenever the stations in the short wave band
are being received, the gear reduction system,
including the balls 419 is' rendered effective to
reduce the rate of drive of the vang of con—
densers.

Fig.20 is a Ir agmentaly wiring diagram sho W=
ing certain changes or modifications which may
be made in the wiring diagram shown in Fig. 1.
Similar parts are designated by the same refer-
ence numerals. This embodiment of the inven-
tion will be readily understood with reference
to Fig. 1 by a mere description of the. essential
differences which Fig. 20 embodies.. The gas tube
{07 in  this embodiment comprises two control
grids, one of which is connected to the cathode.
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of the tube 2%. In the embodiment of Fig. 20,
the negative voltage derived from the diode ele-
ments of tube 23 is not supplied to the grid of
the tube 39 as it was in the wiring diagram of
Fig. 1. According to the embodiment of Fig. 20,
this negative voltage is connected through a re-
sistance £40, an additicnal pole 441 of the relay
53, and an additional contact 442 cf this relay,
te the other grid of the tube {87. The lower
end of the winding 37 is grounded.

It will be readily understood that the tube 87
may be deionized, for example, by opening the
cathode circuit of that tube. This may ke done
by cpening the contacts 81 and 82 on the relay
$9. The contact 82 is grounded and the contact
81 is connected to the pole 41, “When the relay
£9 is energized, the tuning moter is thus put into
operation. The relay 53 is deenergized so that
the pole 441 is in engagement with the contact
242, When a station is tuned in, s negative volt-
age having a double-peaked selectivity curve is
applied to one of the grids of the tube 187, being
the lower grid, as illustrated in Fig. 20. At the
same time, a positive voltage is applied to the
other grid, this voltage being derived from the
cathode of the tube 38. This voltage has a sharp,
single-peaked selectivity curve. As a result of
the conioint action of the separate voltages ap-
plied to the two grids of the tube {87, this tube
becomes ionized when a station of sufficient
strength is tuned in. The immediate energiza-
tion of the relay 188, aided by the discharge: of
the condenser {12, effects the instant cpening
of the clutch. The energization of the relay 23
stops the motor. It may be pointed cui that
the purpose of the pole 241 and the contact 442
on the relay 53 is to disconnect the grid of the
gas tube 157 from the diode elemeénts of the tube
25 so that the positive voltage on the grid of the
gas tube {07 will not interfere with the detector
action of the diode during the reception of an
audible signal. The double grid gas tube {87 in
Figs. 20 and 21 may be, for example, the R. C. A.
2059. .

The modification of the invention illustrated
in Fig. 21 is substantially similar to that shown
in Fig. 20, the principal difference being that the
tube 39 in this embodiment of the invention is a
diode instead of a tricde. The cperation is sub-

stantially the same, the tube 181 being subjected

to the conjoint action of the voltages applied to
the tube grids, which voltages, when derived irom
a received signal of sufficient strength, cooperaie
to stop the tuning element for the reception of
the signal to which the set .has been tuned. It
may be noted, however, that the choke coil {23
employed in the anti-static time filler must be
of very much higher inductance than the corre-
sponding:choke coil employed in the cathode cir-
cuit.of the triode, as shown in Fig. 20, This is
because of the higher plate impedance and the
lower current of the diode, and also due to the
fact that there is a degenerative action produced
in the tricde by the choke coil §23 that aids in
discriminating against static, which is, of course,
absent when the diode is employed, as in Fig. 21,

While it is desirable to have the tuning con-
denser or other type of variable reactance, Such
as .a variable inductance, employed for tuning,
operate at a considerable speed so as to avoid de-
lay in tuning between two widely separated sta-
tions, there are, nevertheless, several reasons for
limiting. the speed. The character of the effec-
tive stopping signal is greatly influenced by the
rate at which the station is funed in. Tt is desir-
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able for reasons of selectivity and exact tuning
and the avoidance of a plurality of stoppages on
the same signal to have the effective stopping
signal extremely sharp. A signal width of the
order of three kilocycles has given good results.
This gelectivity should ke secured, as far as prac-
tical, by improving the Q of the stop-on-carrier
tuned circuit rather than by too greatly cutting
down the effective value of the positive stopping
signal by too high a value of negative signal to
reduce its width. Thus, a stronger stopping sig-
nal is obtained from a station of a given signal
strength. With such a sharply tuned stop-on-
carrier circuit, the duration of the stopping signal
becomes very short with high speeds of rotation
of the tuning condenser. As the duration of the
stopping signal becomes shorter, there is less dif-
ference between a stopping signal from a desired
station and an impulse of static, and it is there-
fore harder to discriminate between desired sig-
nals and undesired static. - Further, if the carrier
of g station is weak and the percentage of modu-
lation if high and at a low audio frequency, the
amplitude of the carrier may be reduced almost
to zero for brief intervals. The stopping signal
should be longer in duration than these zero sig-
nal intervals to minimize the skipping of sta-
tions. Furthermore, the faster the tuning con-
denser moves, the greater is the energy of rota-
tion of its moving parts and the mechanism driv-
ing them. Additional difficulties are then pre-
sented by the need for instantaneously cperating
clutch or brake means to effect stoppage at reso-
nance. It has been found that satisfactory re-
sults can be obtained by causing the condenser to
traverse the band of broadcast frequencies .in
about six or seven seconds. Satisfactory operstion
has also been obtained on the short wave band by
causing the condenser to traverse the band from
7 to 22 megacycles in from 30 to 35 scconds.
At the above condenser tuning speeds and em-
ploying a stop-on-carrier triode 238, an anti-static
filter system consisting of inductance 128, having
a value of about 10 henries, condenser {24, having
a value of about 1% mf., and a resistance {28, hav-
ing a value of about 30,600 ohms, has been found
to give satisfactory results. It is alsc desirable
at these speeds to reduce the energy of rctation
of those parts that remain connected to the tun-
ing condenger after the operation of the relay (88,
as far as practical. It is also desirable to reduce
the mass of the parts moved by the relay {989 as
far as is consistent with an efficient magnetic cir-
cuit. Further, the parts moved by the relay 89
should be made to cperate as easily as possible.

Attention is directed to the fact that the three
specific types of gas tube mentioned herein,
namely, the 884, the 2051, and the 2059, are not
equally well adapted to the different methods of
deionizing the tubes herein shown. The 884 is
readily deionized by grounding the grid and
thereby giving it a high momentary negative bias
relative to the cathode. This method of de-ion-
jzing is shown in Fig. 1 and Fig, 2. . The R. C. A.
2050 and 2051 are more readily deichized by open-
ing the cathode circuit, which methed of de-icn-
izing is shown in Figs. 17, 20, and 21.

Although the inventicn 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 Iimitative of
the invention except insofar as set forth in the
accompanying claims.

Having thus described my invention, I declare
that what Iintend to claim is: .
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1. In a radio receiver having a power actu-
ated tuning element, in combination, an ampli-~
fler, voltage supply means deriving s voltage
from a received signal amplified by said ampli-
fler, an inductance and a resistance in series
with the output of said vcltage supply means, a
condenser across said resistance, a gas tube hav-
ing its grid connected between said resistance
and said inductance, and means in the plate cir-
cuit of said gas tube to control said tumn«r ele-
ment,

2. In a radio receiver having a tuning element,
amplifying means, an electron tube having a
plate, grid and cathode, means coupling said grid
to said amplifying means to provide g first con-
trol vcltage to the grid, means including a recti-
fier coupled to said amplifying means suppl ying a
second control voltage to said grid, a source of di-
rect current plate veltage connected to the plate of
said tube, an impedance in the piate-cathode cir-
cuit of said electron tube, means connected to
the cathode side of said impedance for control-
ling said tuning element, and means for biasing
said grid so that a substantial change in cur-
rent flow through said impedance occurs when
the first control voltage attains a maximum
value exceeding the second as the tuning element
is moved to tune in a station.

3. In a radio receiver having a power actuated
tuning element, in combination, an amplifier for
supplying signals from the amplifier to the grid,
a gas tube having a grid, a plate, and a cathode,
means coupling said grid to said amplifier, a re-
lay in the plate circuit of said gas tube for ar-
resting said tuning element, a source of plate
current connected to said relay, and a condenser
connected between the source side of said relay
and said cathode producing a surge of current
through said relay when a signal is impressed
on said grid to ionize said gas tube.

4. In a radic receiver having a power actuated
tuning element, in combination, an amplifier, a
gas tube having g grid, plate, and cathode, means
coupling said grid to said amplifier, means asso-
ciated with said plate for stopping said tuning
element when a positive signal on said grid causes
said gas tube to ionize, resistance means con-
nected between said cathode and ground, and a
manually operable switch for grounding said grid
to deionize said gas tube and start said tuning
element. )

5. In a radio receiver having a power actuated
tuning element, in combination, amplifying
means, electron tube means having two grids,
one of which is coupled 10 said amplifying means,
rectifying means coupled to said amplifying
means supplying g bias to the other grid of said
electron tube means, and means responsive o the
plate current of said electron tube means to stop
said tuning element in response to an amplified
signal.

6. In a radio receiver having a power actuated
tuning element, amplifying means having a tuned
output transformer with a flat top resonance
characteristic and a rectifier, an eleciron tube
having a plate, grid and cathcde, means con-
nected to the plate-cathode circuit of said tube
for controlling the tuning element actuating
means, means including a connection from the
grid of said tube to said rectifier for supplying a
first control voltage to grid, a second electron
tube having a plate, grid and cathcde, means for
supplying a second control voltage to the grid of
saild first electron tube, said means including a
coupling between said transformer and the grid
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of said second tube, 4 coupling between the plate
circuit of said second tube and said connection
to the grid of said first tube including a sharply
tuned circuit in the plate circuit of said second
tube, and means coupled to said sharply tuned
circuit for effecting regeneration in said tuned
circuit to increase its Q.

7. In a radio receiver having a power actuated
tuning element, in combination, an amplifier, a
gas tube having a grid, a plate, and a cathode,
means coupling said grid to said amplifier, two
relays connected in series in the plate circuit of
said gas tube, a source of plate current connected
t0 said relays, and a condenser connected be-
tween a point in the plate circuit between said
two relays and said cathode for producing a
surge of current through one of said relays when
said gas tube is ionized.

8. In a radio receiver having a variable tuning
element, in combination, amplifying means, a
gas tube having a grid receiving a sighal derived
from said amplifying means, means in the plate
circuit of said gas tube to stop said tuning ele-
ment in’ substantial resonance with an amplified
signal, resistance means in the cathode circuit of
said gas tube, and means comprising a stepping
relay and switch means operated thereby from
one to another of two positions on successive op-
erations thereof for varying said resistance means
between two values to vary the degree of the
signal required to ionize said gas tube between
said two values,

9. In a radio receiver having a tuning means
in combination, an amplifier, an electron tube
means coupled to said amplifier, means for de-
riving two separate voltages from said electron
tube means, a gas tube having two control ele-
ments, means for impressing one of said volt-
ages on one of said elements, means for im-
pressing the other voltage on the other element
to ionize said tube, and means in the plate cir-
cuit of said gas tube for arresting said tuning
means on ionization,

10. In a radio receiver having g power actuated
tuning means in combination, an amplifier, an
electron tube coupled to said amplifier, a second
electron tube coupled to said amplifier, a gas
tube having two control elements, sharply reso-
nant means for supplying a v-oltage from first
said electron tube to one of said elements, means
for supplying an opposite voltage from second
said electron tube to the other control element,
and means in the plate circuit of said gas tube
for arresting said tuning element.

11. In a radio receiver having a tuning ele-
ment, amplifying means, an electron tube hav-
ing a plate, grid and cathode, means coupling
said grid to said amplifying means to provide a
first control voltage to the grid, means including
a rectifier coupled to said amplifying means sup-
plying a second control voltage to said grid, a
source of direct current plate voltage connected
to the plate of said tube, an impedance in the
plate cathode circuit of Sa,ld electron tube, a gas
tube having a plate, grid and a cathode, said
gas tube having low resistance between plate and
cathode when ionized and a high resistance when
not ionized, a source of direct current plate volt-
age connected to the plate and cathode of said
gas tube, relay means in said plate circuit for ar-
resting said tuning element, a connection from
the grid of the gas tube to the cathode side of
said impedance, and means for biasing the grid
of said electron tube so that a substantial change
in current flow through said impedance occurs
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when the first control voltage attains a maximum
value exceeding the second as the tuning element
is moved to tune in a station, whereby said gas
tube is ionized and said relay energized to arrest
the tuning element.

12. In a radio receiver having an adjustable
tuning reactance, automatic means comprising
a relay adapted when energized fto arrest said
reactance to tune in a desired carrier, a circuit
including a.source of direct current, a limiting
resistance, said relay and switch means in series,
said switch means being adapted to pass cur-
rent to said relay to energize the relay, and a
condenser shunted across said relay and switch
means, whereby said condenser is charged when
said switch means interrupts the flow of current
through the relay and is discharged through the
relay to effect rapid energization of the relay
when the switch means passes current,

13, In a radio receiver having an adjustable
tuning reactance, power meauns for adjusting said
reactance, automatic means comprising a relay
adapted when energized to arrest said reactance
to tune in a desired carrier, a circuit including a
source of direct current, a limiting resistance,
said relay and switch means in series, and a con-
denser shunted across said relay and switch
means, said switch being adapted to pass current
through said relay, whereby the relay is ener-
gized rapidly by the discharge of the condenser,
and the relay is held energized by current from
said source limited by the limiting resistance,
and said switch being adapted to inferrupt the
fiow of said current, whereby the relay is deen-
ergized. . .

14, In a radio receiver having a power actuated
tuning element, in combination, an amplifier, a

17

voltage supply means deriving a voltage from a
received signal amplified by said amplifier, an in-

- ductance and g resistance in series with the out-
_put of said voltage supply means, a condenser
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across said resistance, an electron tube having a
control electrode connected between said resist-
ance and said inductance, and means in the plate
circuit of said tube to control said tuning ele-
ment.

16. In a radio receiver having a power actuated
tuning element, in combination, an amplifier; a
gag tube having a control electrode, plate, and
cathode, a source of direct current plate supply
voltage for said tube, means coupling said con-
trol electrode to said amplifier, means associated -
with said plate for stopping said tuning element
when a signal derived from the amplifier and ap-
plied to said control electrode causes said gas
tube to ionize, resistance means connected be-
tween said cathode and the plate supply voltage,
and means including a manually operable switch
for connecting said control electrode {o a point
between said resistance means and said plate

_ supply voltage for deionizing said gas tube and
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gas tube having a grid, a plate, and a cathode,

means coupling said grid to said amplifier, a re~
lay and a current limiting resistance connected
in series in the plate circuit of said gas tube, a
source of plate current connected to said current
limiting resistance and said relay, and a con-
denser having one side connected between a
point in the plate circuit between the relay and
the limiting resistance and having the other side
connected to said cathode for producing a surge
of current through said relay when said gas
tube is ionized.

15, In a radio receiver having a power actuated
tuning element, in combination, an amplifler,
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starting said tuning element.

17. In a radio receiver having funing means,
in combination, an amplifier, electron tube means
coupled to said amplifier, means for deriving two
separate control voltages from said electron tube
means, an electron tube having two control ele- '
ments, means for impressing one of said voltages
on one of said elements and the other voltage on
the other element to control the plate current of
said tube, and means controlled in response to
the plate current of said tube for arresting said
tuning means.

18. In a radio receiver having an adjustable
tuning reactance, the combination including, au-
tomatic means comprising a relay adapted when
energized to arrest said reactance to tune in a
desired carrier, a circuit including & source of
direct current, a current limiting resistance, and
3 gas tube in series with-said relay, and a con-
denser shunted across said relay and tube, where-
by said condenser is charged when said gas tube
is deionized and interrupts the flow of. current
through the relay and is discharged through the
relay to effect rapid energization of the relay
when the gas tube is ionized.

EDWARD F. ANDREWS,



