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1

Fhis invention relates to radio systems and
more especially to systems for automatically
bringing a funed circuit to resonance at a de-
sired frequency.

A principal object of the invention is to bro-
vide an improved and simplified motor-con-
trolled resonanee-adjusting arrangement for
tuned electric cireuits.

Ancther objeet is to provide a simplified auto-
matie tuning arrangement for resonant circuits
wherein the tuning element e. g., & variable con-
denser, is of the 839° rotational fype.

A feature of the invention relates to an ar-
rangement comprising a pair of grid-contrelled
tubes which are selectively controlled by the
plate current dips of a tuned radio frenuency
amplifier to determine the direction and extent
of rotation of a tuning control motor.

A further feature relates to an automatic
motor-controlled tuning arrangement which is
particularly suited to class “C” amplifiers em-
ploying tuning condensers of the 360° rotational

ype.
‘A still further feature relates io the novel

organization, arrangement and relative intercon- ¢

nection of parts which cooperate to provide an
improved automatie mofor-controlled tuning sys-
tem.

In the drawing,

Fig. 1 is a schematic wiring diagram of a class
«0» amplifier embedying the invention.

Fig. 2 is a simplified wiring diagram explana-
tory of Fig. 1.

Figs. 34, 3B, 44, 4B, are graphs used in explain-
ing Figs. 1 and 2.

Fig. 5 is a graph of the plate current versus
condenser setting of Fig. 1.

Fig. 6 is a graph of the cathode load voltage
versus condenser setting of Fig, 1.

The electrical principle which is employed in
the automatic rescnating system of Fig. 1 is
schematically shown in simplified form in Fig. 2,
wherein a steady source of direct current such
as battery I0 is connected across the potentiom~
eter resistance I in series with ammeter (2.
The primary winding i3 of a voltage transformer
14 is connected across an adjustable length of
registor 14, by means of contact slider i5, the
secondary winding 16 being connected to a suit-
able voltage indicator 17. In a steady state, i e.,
with slider 15 at rest, a constant current flows
through the primary winding (3, therefore no
voltage output appears at the secondary wind-
ing 16. If the slider 15 is moved in the direction

of the full line arrow at a uniform rate, the cur- *

rent from primary 18 varies as shown in Fig.
3A and the corresponding secondary voltage is
shown as a positive rectangular wave (Fig. 3B).
If the slider 15 is moved in the direction of the
dotted line arrow, the primary current and sec-
ondary voltage are as represented respectively
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in Figs. 4A and 4B. Tt will be noted thaf the
voltage wave of Fig. 4B is negative with respect
to the voltage wave of Fig. 3B. By suitable cir-
cuit connections therefore, it is possible te de-
termine whether the current in a control circuit
is increasing or decreasing.

Fig. 1 shows a typical automatic resonating
control system employing the principle illus-
trated in Fig. 2. Numeral 18 represents any well-
known source of radio frequency carrier waves
adapted to be amplified by the tuned class “c”
amplifier tube 19. While the drawing shows tube
§9 of the triode type, it will be understood that
any multi-grid amplifier tube may be employed.
The source 18 is coupled to the control grid 20
of tube 19, through the coupling transformer 21,
whose secondary winding 22 is tuned in the con-
ventional manner by the condenser 23. The
electron-emitting cathode 24 is returned to
ground through a balancing network comprising
the condensers 25, 26, and resistances 21, 28, and
thence through the cathode load resistor 29.
Since the tube 18 is to act as a class “C” ampli-
fier, the control grid is negatively biased for
example by battery 30, so that plate current flows
only for a relatively small portion of the positive
peaks of the excitation waves applied to grid 26.
Preferably, and in accordance with standard
practice, the plate or anode 3{ is connected to
the input circuit through an adjustable neutral-
izing condenser 32. The D. C. plate voltage is
supplied from a suitable power supbly repre-
sented schematieally by the battery 33 in series
with the plate current meter 34 and the radio
frequency choke ¢oil 35.

The output circuit comprising the output cou-
pling transformer 36 tuned by variable condenser
31, is coupled to the plate 31 through the con-
denser 38. When the condenser 37 of the plate
tank circuit is rotated from minimum to maxi-
mum and then back fo minimum, that is, 360°
of rotation, the relation between the eondenser
setting and the plate current as indicated on
meter 24, is represented by the curve of Fig, 5.
These dips in the plate current during the reso-
nating ranges c—d produce a D. C. voltage drop
across the cathode load resistor 29. Connected
across the said resistor 29 is the primary wind-
ing 8% of an audio frequency transformer 40,
The corresponding voltages induced in the sec-
ondary 41 of this transformer during the plate
current dips, are represented by Fig. 6. The
dotted line graphs in Fig. 6 represent the volt-
ages at the secondary &1 when the rotation of
condenser 37 is from minimum capacity to maxi-
mum and then again to minimum. As the con-
denser is passing through the resonating range,
the plate current first decreases ¢ to .x (Fig. 5),
thus giving rise to.a negative output voitage ¢'—=z
(Fig. 6). The plate current them increases
r—d (Fig. 5) giving rise to a positive volfage
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d’—z. On the other hand, if the capacitor is
at maximum capacity and rotated in either di-
rection toward minimum capacity, the voltage at
the secondary 41 will be indicated by the full line
graphs in Fig. 6. -

The secondary winding 41 is connected in
divided balanced relation to the control grids 42,

43, of respective triodes 44, 45, the cathodes 46, -

41, of which are returned to ground through the
- respective cathode resistors 48, 49. ILikewise, the
electrical midpoint of secondary 41 is returned
to ground. Connected in the plate circuit of each
of the tubes 44, 45, are respective electro-
magnetic directional control relays 50, 51,
through the windings of which the positive poten-
tial terminal 52 of the D. C. plate power supply
is connected to the plates of tubes 44, 45. It will
be understood that the tubes 44 and 45, while
shown as triodes, may be of any well-known
multi-grid type. Relays 50 and 51 are control
relays which are actuated depending upon
whether the grid 42 or the grid 43 has a more
positive potential applied thereto with respect to
ground as determined by the current flow through
the primary winding 39. The rotor eléement of
the condenser 37 is suitably coupled to a tuning
motor 52 whose power supply is controlled by a
set of snap-acting relay contacts controlled re-
spectively by relays 53, 54. The start circuit for
the motor 52 is controlled by a relay 55, the wind-
ing of which is connected to the relay current
supply terminals 56, 571, through a push button
switch §8. The relay windings 53 and 54 actuate
the movable contacts 59, 60, 61, in either direc=
tion depending upon which of the windings 53, 54,
is energized. The movable contacts 59, 60 and 6!
however, are operated, from relay windings 53,
54, through a toggle action (not shown) so that
they stay put in their last operated position even
though the previously energized winding 53 or 54
is in the meanwhile deenergized.

Assume for purposes of explanation that it is
desired automatically to tune the tank circuit of
amplifier 3! to a new resonance setting. The
push button 58 is actuated closing a circuit trace-
able from terminal 56 through the contacts of
button 58, winding of relay 55 to terminal 57.
A holding ecircuit for relay 55 is thereupon com-
pleted from terminal 5T through the relay wind-
ing, conductor 62, armature 63 and back contact

64 of relay 51, armature 65 and front contact 66

of relay %5 to terminal 56. When relay 55 op-

4
It is important. to note that the polarity of the
transformer 48, that is, the connection of the
ends of its windings, is so related to the grids 42

“and 43, that the grid 43 becomes positive with
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erates, it closes the motor power circuit traceable

from power supply terminal 67, conductor 68,
armature 69, front contact 10, conductor Ti,
motor winding 12 to terminal 713. 'The tuning
motor 52, 12 thereupon begins to turn the rotor
of condenser 37 in a clockwise or counterclock-
wise direction depending upon the position of the
contacts 59, 60 and 61.

appears on the control grid 43, which causes suffi-
cient plate current to flow through tube 45 to
operate the relay 5i. Relay 8!l in operating,
opens the previously described holding circuit of
relay 55 which thereupon releases. However, the
motor power supply circuit is maintained closed
through the armature 74 and front contact 15
of relay 51. When the rotor of condenser 37 is
in a position corresponding to x or ¥ (Figs. 5 and
6), the voltage on the grid 43 drops to zero and
relay 31 releases thus opening the power circuit
to the motor which thereupon stops.

pletes the tuning cycle for this condltlon of op-
eration.

As the condenser 31:
reaches the resonance range, a positive voltage

This com-
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decreasing current through the primary winding
39. On the assumption that the condenser 37
was in a position corresponding to the rotation
between ¢ and d, that is, close to resonance, the
following operations will occur.  When the start-
ing button 58 is operated, the tuning motor 52
starts to rotate, but if the rotation is in such a
direction as to drive the condenser 37 away from
resonance, the grid 42 becomes positive resulting
in the operation of relay 50. The operating cir-~
cuit for relay 50 may be traced from the positive
D. C. terminal §2a, winding of relay 50, through
the plate-cathode conduction path of tube 44 to
ground, it being understood of course that the
terminal 52¢ is the conventional positive D. C.
terminal- of the usual high voltage plate power
supply such as is conventionally used with elec-
tron tubes. The operation.of relay 50 results in
the energization of either winding 53 or 54, de- .
pending upon - the previously . operated: snhap-
action setting of the contacts 59, 60 and 61. For
purposes of explanation, it will be assumed that
the contacts §9, 66, 61 had been previously moved
to the position shown in Fig. 1 under control of
relay 54, and that they had been snapped and
held in that position; Consequently when relay
50 energizes, it completes a circuit from the ter-
minal §7, conductor 5Ta, relay contacts 50a, 500,
relay contacts 59, 89¢, winding of relay 50, relay
contacts 8%a, 55b, to terminal 56. It will be ob~
served that the directional rotation of the motor
is controlled by the direction of current flow
through the armature 52 which in turn is con-
trolled by the movable contacts 60, 61, and their
associated contact sets. Thus when the contacts
60 and 61 are in the position shown in Fig. 1 prior
to the energization of relay 53, current flows from
the terminal 61, conductor 61a contacts 60q, 60,
conductor 60b, armature 52, conductor §9¢, con-
tacts 61, 6{a, to terminal 13. When the relay 53
is energized as above described, it closes contact
60 on contact 60d, and it also closes contact 61
on contact 61b. This results in reversing the
direction of current flow. through the motor
armature 52. As soon as this reversal of direc-
tion begins, relay 50 releases and relay 51 op-
erates as above described, by reason of the fact
that. the potential on grid 42 changes from a
positive to a negative phase and the potential on
grid 43 changes from a negative to a bositive
phase. The operating circuit for relay 5 is
traceable from the positive D. C. plate power
supply terminal 520, winding of relay 5i, and
thence through the tube 45 to ground. Relay 51
therefore remains operated until condenser 37
reaches a position corresponding to point = or 7
(FFigs. 5 and 6) at which time it releases, com-
pleting the tuning eycle with condenser 37 at- a
resonant position. When relay 5{ operates as
above mentioned, it breaks the previously de-
scribed holding circuit for relay 55. However, as
above mentioned, a circuit is maintained through
the motor winding 12 which circuit is traceable
from terminal 67, conductor €8, contacts 74, 18,
conductor T, motor field winding 72, to termxnal
13. When resonance is reached, relay 51 releases
and the motor circuit is opened. It will be oh-
served however that because of the toggle action
on the contacts 99, 60 and 61, they remain in
their positions wherein they engage the1r re-
spective front contacts 59b, 66d and 61b. ‘Conse-
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quently during a subsequent automatic tuning
cycle when the relay 50 operates, instead of re-
sulting in the energization of relay 53, it results
in the energization of relay 54, this circuit being
traceable from terminal 51, conductor 51a, con-
tacts 50a, 50b, contacts 59, 590, relay 54, contacts
55q, 55b, and terminal 56. This therefore pro-
vides the proper direction of motor rotation to
complete the subsequent tuning cycle. It will be
understood of course, that during the foregoing
described automatic operations, the input circuit
21 is being excited by the radio frequency signals
from the source {8 at a frequency to which the
new setting of condenser 31 is to be automati-
eally obtained. Furthermore, while the arrange-
ment is illustrated for tuning an oscillatory tank
cireuit, it will be understood that any other tuned
electrical network can be resonated by the
motor 52.

While one specific embodiment has been de-
seribed herein, it will be understood that various
changes snd modifications may be made without
departing from the spirit and scope of the in-
vention.

‘What is claimed is:

1. An automatic resonating control system for
radio apparatus of the type having a source of
radio frequency, a grid-controlled amplifier tube
excited from said source and having an adjust-
able resonating element for resonating with said
source comprising, a motor for moving said ele-
ment, a pair of directional control motor relays
and an electrical network selectively and auto-
matically responsive to the polarity of the plate
current dips of said amplifier tube as said element
is being moved through the resonating range to
cause corresponding selective operation of said
relays and thereby adjusting said element to a
resonating position.

9. An automatic resonating control system for
radio apparatus of the type having a source of
radio frequency a grid-controlled amplifier ex-
cited from said source and having an adjustable
resonating element for resonating with said
source, comprising a motor for moving said ele-
ment, an electrical network which is selectively
and automatically responsive to the relative
polarity change of the plate current dips of said
amplifier as said element is passing through a
resonating range, and a pair of directional motor
control relays controlled by the currents from
said network for causing said motor to adjust said
element to a resonating position.

3. An automatic resonating control system for
radio apparatus of the type having a radio fre-
quency source, a grid-controlled amplifier excited
from said source and having an adjustable
resonating element for resonating with said
source, comprising a motor for moving said ele-
ment, a pair of grid-controlled tubes selectively
and automatically responsive to the relative
polarity change of the dips in the plate current
of said amplifier tube as said element is moving
through a resonating range, and a pair of motor
control relays selectively controlled by said pair
of tubes and thereby adjusting said element to a
resonating position.

4. An automatic resonating control system for
radio apparatus of the type having a radio fre-
quency source, a grid-controlled amplifier excited
from said source and having a tuning element of
the 360° rotational type for resonating with said
source, comprising a motor for rotating said ele-
ment, a pair of grid-controlled tubes selectively
and automatically responsive to the relative

10

15

20

25

30

35

4u

45

50

55

60

65

70

(£

6

polarity of the dips in the plate current of said
amplifier as said element is moving through a
resonating range, a pair of motor control relays
controlled respectively by said grid-controlled
tubes, a set of motor reversing switch contacts, a
pair of electromagnets controlled by said relays
for operating said switch contacts to either of
two positions, said contacts when operated to one
position remaining “stay-put” until operated by
the other electromagnet and even though the pre-
viously energized electromagnet becomes deener-
gized.

5. An automsatic resonating system for radio
apparatus of the type having a radio frequency
source, & grid-controlled amplifier tube excited
from said source and having an adjustable
resonating element for resonating with said
source, comprising a motor for moving said ele-
ment, a pair of grid-controlled tubes, a phase-
sensitive network for selectively and automati-
cally exciting the control grids of said pair of
tubes in accordance with the relative polarity
changes of the dips in the plate current of said
amplifier tube as said element is moving through
a resonating range, a pair of relays each con-
trolled respectively by the plate current of one
of said pair of tubes, a motor start control relay,
manual switch means to close the circuit of said
motor start relay, a holding circuit for said motor
start relay controlled by the normally closed con-
tacts of one relay of said pair of relays, a motor
reversing switch having a contact set of the
“stay-put” type, a pair of electromagnets for
moving said contact set from one position to the
other to reverse the direction of the motor, the
energization of both said electromagnets being
controlled by a normally open contact of said
motor start relay and by a normally open contact
of the other relay of said pair of relays.

6. An automatic resonating control system ac-
cording to claim 5 in which the circuit of one of
said electromagnets is closed through a normally
open contact of the other electromagnet.

7. An automatic resonating control system ac-
cording to claim 5 in which an alternative ener-
gizing circuit is provided for said motor start re-
lay which is controlled by the normally open con-
tacts of both of said electromagnets to cause said
motor to continue rotating even when said
resonating element is out of the resonating range,
said alternative energizing circuit being broken
when said element reaches the resonance posi-
tion.

8. An automatic resonating control system ac-
cording to claim 3 in which said pair of grid-
controlled tubes are coupled to the cathode load
circuit of said amplifier tube through a phase-
sensitive coupling transformer.

9. An automatic resonating control system ac-
cording to claim 3 in which said pair of grid-
controlled tubes are coupled to the cathode load
circuit of said amplifier tube through a push-puil

input transformer.
PEARLIE K. MYHRE.
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