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1

This invention relates to an automatic tuning
control circuit, and more particularly to auto-
matic crystal controlled radio transmitters or re-~
ceivers, although it will be understood that my in-
vention may be applied in other apparatus where
automatic tuning of a circuit to any one of a

M1

series of predetermined frequencies is desired. .

Various forms of circuits of this type have been
described and claimed in a co-pending application
of William S. Winfield, Serial No. 463,775, filed
October 29, 1942. In-apparatus of this type, the
circuits are automatically tuned to desired fre-
quencies determined by crystals, and do not in-
volve the setting of mechanical elements, such as
pins, contactors, selecting cams, rocker bars, or
the like.

In experimental work with apparatus such as
that described in the above application, it has
been found that, while the system described
operates as contemplated when the resonance
curves of the circuits controlled are separated or
do not overlap to any considerable extent, difficul-
ties may be encountered when the channels de-
sired to be tuned are so close to each other that
the resonance curves overlap to a considerable ex-
tent. Under such conditions the apparatus, when
tuned to one frequency, may remain tuned to that
frequency although the contrels are operated to
change the frequency.

It is an object of this invention to provide appa-~ *

ratus of the class described in which these diffi-
culties are eliminated and reliability of operation
is assured, even though a number of channels are
provided so closely adjacent in frequency that the
resocnance curves of the apparatus for various
channels overlap. .

It is a further object of my invention to pro-
vide apparatus which will be closely tuned fo the
desired channel even though other channels are
closely adjacent to the desired channel.

It is a still further object of my invention to
provide improved apparatus of the class described
having improved opsrational characteristics such
that the apparatus will function and tune prop-
erly even where channels are as closely spaced as
tuning selectivity permits.

Still other ebjects and advantages of my inven-
tion will be apparent from the specification,

In the drawing,

Fig. 1 is a circuit diagram of automatic tuning

apparatus of the type to which my invention is
applied.

Fig. 2 is a curve illustrating the operation of
such apparatus.

Fig. 3 is a curve illustrating conditions when the
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apparatus is required to tune to one of a number
of closely spaced channels.

Tig. 4 is a circuit diagram of apparatus in ac-
cerdance with my invention.

Referring now more particularly to Figs. 1
and 2, reference numeral 2 designates a variable
funing instrumentality such as a variable con-
denser, variometer, or the like, driven by a suit-
able operating means, such as motor 3, through a
suitable reduction gearing, and serving to tune
one or more controlling circuits, which may be
oscillator circuits, antenns circuits, or, in fact,
any tunable circuit required to be tuned and con-
taining inductance (not shown), as well known in
the art, with which tuning instrumentality 2 co-
operates.

The tuning instrumentality, which, for sake of

simplicity, is referred to as a condenser, although
it may be another instrumentality, may be a
single or gang condenser, and may tune one or
more circuits, as may be desired, where two or
more circuits are desired to be simultaneously
tuned. The tuning instrumentality is arranged
for continuous rotation; i. e., no stop is provided
limiting its rotation to 180° as is sometimes used
in condensers.  For purposes of simplicity, the
remainder of the tuning circuit or circuits is not
shown, but a rectified voltage derived from the
cireuit by means of any suitable rectifier known
in the art as in Figure 1 may be impressed
through terminals 4 between the cathode 6a and
control electrode €b of a relay control tube 6.
" Connected to the anode 6¢c there may be pro-
vided a relay 1, whose circuit may be completed
to the +B source, the negative terminal of which
is connected to cathode 6¢. The relay winding 1
controls relay contacts Ta and 7b in such a man-
ner that when plate current of a predetermined
value flows through relay 1, contacts Ta and Tb
are closed, thereby energizing the motor 3 through
suitable power source 9.

A suitable source of biasing voltage § may be
provided in the grid circuit of tube 6 if desired for
the purpose of more exactly determining the
operating characteristics of the tube 6. -

The characteristics of tube 6 and its bias are so
chosen that when the voltage impressed between
terminals & is zero, the space current of tube 6 is
more than enough to maintain contacts Te¢ and b
closed. As the voltage across terminals 4 incrsases
in such 2 direction.as to make the grid more
negative (E: Fig. 2) with respect to the cathode
of tube 6, the plate current drops to such a value
that the plate current of the tube 6 is insufficient
to maintain relay contacts Te and 1b-in closed
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position and those contacts open. For any value
which maintains the grid more negative than this,
the motor circuit will be open and the tuning in-
strumentality will remain in position.

If the grid 6b of tube 6 becomes less negative
than this value, the plate current through tube 6
increases, relay 1 closes, the motor circuit is ener-
gized, and the tuning instrumentality is.rotated,
and this rotation will continue until ‘a voltage
sufficient to cause opening of the relay 1 is again
impressed upon the tube 6.

In operation, assuming that the apparatus is
arranged to control the tuning of ‘a transmitter,
the operator may have a channel selecting switch

15, by the operation of which he can connect into .

the tuned circuit a crystal such as crystals 16, 11,

8 for each frequency to be tuned. Assuming-that

the apparatus is tuned to a particular frequency
as determined by crystal 16, for example and the

operator operates the channel selecting switch 15 ¢

for a'second channel having a different frequency,
this disconnects the crystal ‘{6 tuned to‘the first
channel, which'm4y be called channel A, and-con-
nects .another crystal such as {7 tuned to the new

channel, which may be channel B. Assuming that s;

this charinel is reasonably separated in frequency
from channel A, the voltage 'generated in the
tuned circuit associated with the crystal will-drop
to zero and, therefore, there will be no voltage im-
pressed across the control circuit of tube 6.

The negative voltage impressed upon the tube
6 drops to a point where relay T ¢loses and the
motor is set into operation, varying the tuning of
the circuit. 'The motor will continue fo rotate,
driving the tuning condenser until the tuning of
the circuit. begins to enter the resonance range of

the new frequency selected, at which time the

voltage impressed upon tube 6 will begin-to rise in
a negative direction, following the general form of
the resonance curve as shown in Pig..2, wherein
ordinates represent grid voltage and’' abscissae
angular movement of the tuning condenser.
‘Nothing occurs until the grid voltage reaches
the magnitude —Ei, at which point the current
in ‘relay 1 has decreased sufficiently to permit
contacts Ta and 1b to open. As will be under-
stood, the motor will not instantaneously stop
rotating, but will coast to a stop, the tinte required
being dependent upon the inertia of the rotating
system, ‘the load upon it, and other factors.
‘Generaliy speaking, it will be found that some
definite angular rotation occurs between the cur-
rent cut<off point and the mofor stopping point,
which will be substantially constant for any given
apparatus: This may be measured-and s allowed
for 'in selecting the point. —Ei, in such a manner
that motor current cut-off occurs just sufficient'y
in gdvance of the attainment of full resonance
position by the tuning instrumentality, so that
‘the coasting carries the circuit to the peak of the
resonance curve and the stopped position .of -the
apparatus is substantially as indicated in Fig..2,
. A somewhat more .complicated condition is
encountered when there.are-a plurality.of -chan-
Jels so-closely spaced that .the resonance curves
overlap. This condition may be represented in
Pig. .3, in"which A represents the resonance -curve
:of ‘the apparatus: on channel A, B the resonance
ccurve on: channel B gt a.slightly lower ‘fre-
‘quency than:that of channel A,:and C the.reso-
mance :curve: of ‘the .apparatus..on cchannel. C,
:slightly -higher in frequency:than (channel A, ‘Tt
“will."be observed that ‘these resonance: curves
‘overlap; B:overlapping ‘A: on-onerside,-and'C over-
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4
lapping at the other, and both B and C oVer-
lapping A and each cther -at the center of A.

Here it should be noted that the voltage level
—H; on Pig. 3 represents the grid.bias which
will cause the relay T to open the motor contacts.
This may occur at an angular position of the con-
denser ©1. The motor then coasts to a final
position 6.

Although the relay opened:at-a voltage.of —E1
on curve A, a reduction of the negative bias vol-
tage to this value will not be sufficient to cause
the relay to close. It may merely cause chat-

“tering. To ‘insure positive closure, the negative

voltage.must be reduced still further to a voltage
level such as —Ez, which is just sufficient to cause
the relay contacts to close. Generally speaking,

‘the current in ‘the relay actuating winding to

produce closure is about twice that at which the
relay will open; i. e, once closed, the relay will
hold in closed position with about half the cur-
rent required to-move it from open-to-closed posi-
tion. For the-closing value, or any ‘lessnegative
value of -grid voltage, the motor circuit-will ‘be
closed. Tf resonance curves A and C-overlap‘to
such-an extent that the negative bias-developed,
as indicated -on ‘resonance curve C, is-greater than
—E» in g megative-sense, the motor circuit -will
not ‘close when ‘the operator moves ‘the control
switch from-channel A to channel C, the tuning
condenser will not be operated, and the  circuit
wiil remain-tuned-as-if-for:channel A,'which may
be serious ‘mistuning on-channel C. The same
would be true for any adjacent channels between
A and G, for channel B, and for any channels
bétween A and-B.

I have found that this difficulty can be-avoided
by arranging the-apparatus so that-on the-selec-
tion of a new channel, the motor circuit is posi-
tively energized and the relay T deprived of con=
trol of 'the motor-until the motor has-carried the
tuning through-the remaining channels availatile
and-started another-excursion through the chan-
nels; that is to-say, if the-apparatus tunes over
a frequency range of 500 to 1,600 kc., and hap-
pens-to be tuned to 700 -kec., then if'the-operator
changes the frequency ‘tc 869 ke., the motor will
beg'n to rotate and will ‘tune the: ‘appardtus
higher through 8900 kc., and continue up-to-the
end of the band, at which time the ‘tuning -con=
denser-would continue to rotate until the tuning
reentered by the ‘lower end of the-band; i. e,
500 kc.-and’began another cycle of ‘tuning. This
assures that -a -new' channel must always be
approached on:the same angular-side,

When -the ‘tuning instrumentality reenters-the
useful tuning arc (begins a new tuding -cycle),
control ‘is restored to the relay T -and normal
operation is obtained. This is -accomylished by
the -apparatus shown in Fig, 4, like that in Fig.
1, except in the-following respects:

The :zpparatus-shown in Fig: 4 has been pro-
vided with an additional relay 19 ‘having an
actuating winding connected in series with-switch
11 having ‘movable contact g and fixed contact
41b. This ¢ircuit is connected -direétly ‘across
the power source 9 so that-whenever switch [1-is
closed, current flows through the actuating wind-
ing of-relay 18, thereby ¢losing movablerelay con-
tacts 18¢ and 19¢ against the fixed relay contacts
18b and ‘18d respectively.. It will be noted that
contacts'18¢ and#8b keep the motorcircuit ¢losed
independently of relay contacts Ta and “Tb-of
relay-T. -

In addition to relay 10, I may-provide -a-cam

switéh- 12’ eomprising-cam disk 12a'‘having-a notch



(25 adapted to receive the movable cam actuated
contact 12¢ which engages fixed contact 12d As
- shown, the cam switch 12 may be in series with
relay contacts (8¢ and 10d and the branch of
- the circuit formed by these contacts and by the
cam switch in parallel with the manual switch 1.

The cam disk 12 is geared or otherwise con-
nected to the motor 3 in such a manner that the
disk 12 makes one complete rotation while the
- tuning instrumentality is making one revolution.
For example, each time the funing. condenser
~reaches such a position that the tuned circuit
is at its lowest frequency and about to move its
- frequency upward through the tuning range, the
cam notch {2b moves under the cam contact f2c
and the latter falls'into the notch and permits the
- cam switch to open.

With this combination of circuit elements it

- will be seen that when manual switch 1 is closed,
- a circuit is established through the actuating
. winding . of relay 18, thereby closing relay con-
tacts 10¢ and {8c against fixed contacts 1€b and
{8d. When this occurs, the relay {8 is locked in
because the circuit in parallel to switch I is
closed through the actuating winding through
contacts i@c and [8d, and the cam switch 2.
Manual switch {1 may now be opened without
affecting subsequent operation.,

It will also be seen that so long as relay 0 is
energized the motor circuit will be closed through
contacts f80a and {8b and, therefore, the motor
will continue to operate as long as cam switch (2
" is closed, regardless of the action of contacts Ta

and 19, in response to the plate current of tube 6,

and the motor will continue to operate until the

cam switch has rotated to a point corresponding
. to the beginning of the tuning cycle of con-

denser 2.

At this point cam switch (2 will open, inter-
rupting the holding circuit of relay {0, and. con-
tacts 10a and 10b and {8c and (8d will cpen due
to the interruption of current in the winding of
relay {8. Control of the motor operation is now
restored to the relay 1, and if the negative volt-

" age impressed on terminals 4 is then sufficient
to reduce the flow of plate current to the value
of —Ei, the motor will be stopped just as if addi-
tional relay {8, manual switch 11, and cam switch

12 were not provided.

In short, the effect of the closure of manual
switch f1 is to positively insure that no matter
how many channels there may be to which the
apparatus may be tuned, the tuning condenser
will move through the uncompleted portion of
the cycle in a positively locked condition where
it cannot be stopped by the control voliage.
When the uncompileted portion of the cycle is
completed and the tuning condenser is ready to
start another cycle, the lock-in circuit is ope'qed

. by the operation of the cam switch.

In the foregoing description, it is assumed that
the manual switch {{ is merely closed momen-
tarily and is thereafter immediately opened. If
the switch {{ were kept closed, the motor would

. continue to rotate indefinitely because the cam

switch would not open the circuit of relay !5.

To provide against faulty operation in this re-
spect. I prefer to provide switch {{ in the form
of a passing contact on the channel selecting

. switch or switches in such a way that at any
time the operator pushes a button for a new
channel, switch i! is momentarily closed to ini-
tiate the operation described, and is thersupon
immediately opened.

In the specification I have explained the prin-
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ciples of my invention and the best mode i
which I have contemplated applying those prin-
ciples so as to distinguish my invention from
other inventions, and I have particularly pointed
out. and distinctly .claimed the part, improve-
ment, or combination which I claim as my in-
vention or discovery.

While I have shown and described a preferred
embodiment of my invention, it will be under-
stood that modifications and changes may be
made. without departing from the ‘spirit and
scope of my invention, as will be apbarent to
those skilled in the art..

I claim:

1, In automatic tuning apparatus, in combina~
tion, a frequency determining element, a work
circuit including a power source for delivering
energy limited to a frequency determined by said

- element, said work circuit having a variable tun-
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ing instrumentality, - power means for . varying
said tuning instrumentalify, energy responsive
means for interrupting operation of said power
means in response to delivery by said work eir-
cuit of a predetermined level of energy, said last
mentioned means. being operatively associated
with said work circuit and means for causing op-
eration of said power means to move said tuning
instrumentality through compiletion of one tun-
ing eycle irrespective of the level of energy deliv-
ered by said work circuit.

2. In automatic tuning apparatus, in combina-
tion, a frequency determining element, a work
circuit including a power source for delivering
energy limited to a frequency determined by said
element, said work circuit having a variable tun-
ing instrumentality, power means for varying
said tuning instrumentality, energy respensive
means for interrupting operation of said power
means in response to delivery by said work cir-
cuit of a predetermined level of energy, said last
mentioned means being operatively associated
with said work circuit means for causing opera-
tion of said power means, and means for render-
ing said energy responsive means inoperative
through the completion of one tuning cycle, after
the power means is set intc operation.

3. In automatic tuning apparatus, in combina-
tion, -a plurality of frequency determining ele-
ments, selecting means for selecting any one of
said elements, a work circuit including a power
source for delivering energy limited to a fre-
quency determined by the selected element, said
work circuit having a variable tuning instrumen-
tality, power means for varying said tuning in-
strumentality, energy responsive means for inter-
rupting operation of said power means in response
to delivery by said work circuit of a predeter-
mined level of energy, said last mentioned means
being- operatively associated with said work cir-
cuit means for causing operation of said power
means to move said tuning instrumentality
through completion of one tuning cycle irrespec-

" . tive of the level of energy delivered by said work

cireuit, and means for terminating the operation
- of said last mentioned means at a predetermined

" point in each tuning cycle.

4. In automatic tuning apparatus, in combi-

-nation, a plurality of frequency determining ele-
. ments, selecting- means for selecting any one of

70’

said elements, a work circuit including a power
- source for delivering energy limited to a frequency

“determined by the selected element, said work

75

circuit having a variable tuning instrumentality,
power means for varying said instrumentality,
resonance responsive means responsive to reso-




7
fance of said work circuit to said frequency-de-
termining element for terminating operation of
said power means, and means for rendering said
last mentioned means inoperative until comple-
tion of the first tuning cycle after said power
means begins operation.

5. In automatic tuning apparatus, in combina-
tion, a pluralibty of frequency determining ele-
ments, means for selecting any one of-said ele-
ments, a work circuit including a power sourc:
for delivering energy limited to a frequency deter-
mined by the selected element, said work circuit
having g variable tuning instrumentality, power
means for varying said instrumentality, reso-
nance responsive means. responsive to resonancsa
of said work circuit to said frequency-determining
eiement for normally controlling operation of said
power means, and means for depriving said reso-
nance means of control over said power .means

during the compietion of the first tuning cycle

after said power means begins to operate.

6. In automatic tuning apparatus, in combina-
tion, a frequency determining element, a work
circuit . including a power source for delivering
energy limited to a frequency determined by said
element, said work circuit having a variable tun-
ing instrumentality, power means for varying
said tuning instrumentality, energy responsive
means comprising a rectifier operatively. associ-
ated with said work circuit, g resistance in circuis
with said rectifier, a control tube, connections for
impressing the voltage drop through said resist-
ance upon the input circuit of said control tube,
whereby the plate current of said tube is reduced
in response to resonance in said work circuit, o
relay operated by the space current of said con-
trol tube, said relay being interposed in circuit
with said power means to control the operation
thereof, a second cirtuit for energizing said power
means exclusive of said relay, a second relay con-
nected in said second circuit, and means for
manually energizing said second relay, whereby
said power means may remain energized inde-
pendently of the action of the first said relay.

7. In automatic tuning apparatus, in combiné&-
tion, a frequency determining element, a work
circuit including a power source for delivering
enery limited to a frequency determined by said
element, said work circuit having a variable tun-
ing instrumentality, power means for varying
said tuning instrumentality, energy responsive
means comprising a rectifier operatively asso-
ciated with said work circuit, a resistance in cir~
cuit with said rectifier, a control tube, connec-
tions for impressing the voltage drop through
said resistance upon the input circuit of said con-
trol tube, whereby the plate current of said tube
is reduced in response to reschance in said work
circuit, a relay operated by the space current
of said control tube, said relay being interposed
in circuit with said power means to control the
operation thereof, a second circuit for energizing
said power means exclusive of said relay, a second
relay connected in said second circuit, means
for manually energizing said second relay, where-
by said power means may remain energized inde-
pendently of the action of the first said relay, and
a cam operated switch synchronized with said
tuning instrumentality for opening the energiz-
ing circuit of said second relay at a predeter-
mined point in each tuning cycle.

8. In automatic tuning apparatus, in combina-~
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8
tion, a -plurality of frequency ,determining ele-
ments, & selecting switch-for selecting any one of
said elements, a work circuit including power
source for.delivering energy limited to:a frequency
determined- by the selected element, said work
circuit - having a variable funing instrumentality,
power means for varying said tuning instrumen-
tality, energy responsive means comprising a.rec-
tifier operatively associated with said work circuit,
a’ resistance in circuit withy said rectifier, a con-
trol tube, connections for impressing the voltage
drop through said resistance upon the input cir-
cuit of said control tube, whereby the plate cur-
rent of .said tube is reduced in response to reso-

‘nance in said work circuit, a relay operated by the

space current of said control tube, said relay
being interposed in circuit with said power means
to control the operation thereof, a second circuit
for energizing said power means exclusive of said
relay, a second-.relay connected in said circuit,
means for manually energizing said second relay,
and means comprising @ passing contact opera-
tively associated with said selecting switch.

9. In automatic tuning appraratus, in com-
bination, a plurality of frequency determining ele-
ments, a selecting switch for selecting any one of
said elements, a work. circuit including power
source for delivering energy limited to a fre-
guency determined by the selected element, said
work circuit having a variable tuning instrumen-
tality, power means for varying said tuning in-
strumentality, energy responsive means compris-
ing a rectifier operatively associated with said
work circuit, a-resistance in circuit with said rec-
tifier, a control tube, connections for impressing
the voltage drop through said resistance upon
the input circuit of said control tube, whereby
the plate current of said fube is reduced in re-
sponse to resonance in said work circuit; a relay
operated by the space current of said control tube,
said relay -being interposed in circuit with said
power means to control the operation thereof, a
second circuit for energizing said power means
exclusive of said relay, a second relay .connected
in said circuit, and means for manually energiz-
ing said second relay, said means comprising a
passing contact operatively associated with said
selecting switeh, and-a cam operated switeh syn-
chronized with said tuning instrumentality for
opening the energizing circuit of said'second relay
at a predetermined point in each tuning cycle.-

HULBURT C. TITTLE.
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