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6 Claims.

'The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment of
any royalty thereon,

This invention relates to means for controlling
the frequency of electricity supplied to radio appa~-
ratus including both transmitters and receivers.

This frequency control is attained by providing
a standard of reference, which may be adjusted
by hand to give a selected standard output fre-
auency, an oscillator simultaneously set to the
same approximate frequency, and a motor which
responds to any deviation of the oscillator from
the selected standard frequency and causes the
oscillator to be adjusted so that its output fre-
quency is made to correspond and remain on the
frequency originally selected. In order fo permit
the selection of any frequency within the range
covered by the instrument, there is provided &
piezoelectric crystal, which affords a source of a
series of frequencies by selection of harmoniecs of
the fundamental frequency of the crystal, and an
adjustable oscillator, which is adjustable simul-
taneously with the selection of said harmonics
angd thus affords a, source of a second series of fre-
quencies having values which may differ from
those of said first series, and a second adjustable
oscillator having a lower and limited range of out-
© put frequencies and serving to supply the values
of frequencies intermediate those represented by
any two harmonics of the first mentioned series of
frequencies. A motor is electrically connected
into a circuit involving the output of this crystal
and these oscillators so that the motor is movable
in response to any difference in frequency be-
tween the selected harmonic of said crystal and
said oscillators, this motor having mechanical
connections with means for adjusting the output
frequency of the first oscillator to the frequency
of the selected harmonic plus or minus the fre-
quency of the second oscillator.

It is an object of this invention to provide a
device for controlling the frequency of a radio
apparatus. This device comprises a circuit con-
taining a crystal arranged to oscillate and con-
trolled in such a way that various harmonics may
be selected, a master oscillator also controlled in
such a way that its output frequency may be
selected, a mixer circuit in which the selected
harmonic and the selected frequency may he
mixed to produce a beat, a second oscillator which,
too, may be controlled to aifford selection of the
frequency emitted thereby, and towhich said beat
is to be compared, an electric motor movable in
response to any difference in freguency between
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said beat and the output frequency of said second
oscillator, and a mechanical connection between
said motor and the controller of said master oscil-
lator, whereby said motor adjusts the frequency
of sald master oscillator to match that of the
selected harmonic plus or minus that of said refer-
ence oscillator. In other words, when a variation
occurs in the frequency of the electricity ener-
gizing a radio apparatus,” a motor is operated
which restores the frequency to that which was
pre-selected.

Another object of this invention is the provi-
sion of g pair of operating devices such that the
frequency of the electricity which energizes a radio
apparatus may be varied by relatively large or
small differences or increments.

Yet another object of this invention is to supply,
in addition to the means for selecting a desired
harmonic of the oscillations afforded by a
crystal, means operable in the reverse sense .to
said selecting means, whereby the tuning of the
harmonic selected is maintained constant despite
necessary adjustments of the main control to
cover intermediate frequencies.

PFurther objects and explanation of this inven-
tion are set forth in the specification below and
in the annexed drawings,

In the drawings:

Figure 1 is a block diagram.

Figure 2 is an electrical circuit diagram.

Figure 3 is a top or plan view of the operating
mechanism,

Figure 4 is a vertical cross section on line 4—4
of Figure 3. .

But one modification of my device is to be
described in the specification and depicted in the
accompanying drawings. Many other modifica-
tions will readily appear to those skilled in this
art.

The frequency control mechanism of this inven-
tion comprises a crystal 5 electrically connected
to a harmonic amplifier 6§ which in turn is elec-
trically connected to a harmonic selector 7 having
a selector or control element 8 forming a part
thereof. A master oscillator 9 is provided with a
tuning or selecting mechanism {0 and with an
additional selecting mechanism I1. Selector 7
and master oscillator 9 are both electrically con-
nected to the mixer circuit 12 which, in turn, is
electrically connected to a beat-tuning circuit 3.
A reference oscillator 14 is provided and is elec-
trically connected to a phase-shift-control circuit
i5, which also receives the electrical output of the
beat-tuning circuit 13. Circuit 1§ includes, as.a

3 part thereof, a two-phase motor 16. The output
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of master oscillator 9 is connected to the main
transmitter (9. A double-pole double-throw
manually operable switch 29 is connected to the
output side of transmitter 19 and to the input
side of receiver 18 and serves to connect antenna
21 and ground 22 to transmitier {3 or to receiver
18. Transmitter 19 has an antenna tuning circuit
24 electrically connected thereto. Receiver {8
contains a manually adjustable tuning element 41
movable by means of shaft 26 and a mechanically
adjustable tuning element 48 movable by means
of a mechanical connection 49 connecting with
motor 16. Mechanical connections 45 and 48 each
contain a clutch, 59 and 51, respectively, Clutches
50 and 51 are mechanically interconnected by
means of interlock 52 so that when one of these
clutches is engaged the other must be disen-
gaged. A double-pole, single-throw switch 53

controls the circuit connections befween master

oscillator 9 and mixer {2 and also between receiver
18 and mixer {2 in such a way that one circuit
is closed when the other is open. A mechanical
connection 54 fastens interlock 52 to the operating
connection 23 between switches 28 and 53.

The means for adjusting this mechanism are
provided by a knob 25 turning a shaft which is
indicated by dotted line 26 which operates har-
monic selector circuit 7, master oscillator 9,
antenna tuning 24 and receiver i8. This means

also includes a fine adjustment knob 27 which 2

turns a shaft 28 controlling reference oscillator
14, beat-tuning circuit 13, and tuning mecha-
nism or capacitor 29 of a harmonic trimmer 38,
Between shafts 26 and 28 there is provided a
mechanical interlock generally indicated at 3i.
Interlock 3f has a mechanical ratio of 49 to 1
so that knob 25 provides a main or coarse adjust-
ment while knob 27 provides a fine adjustment.
In other words the main shaft 26 changes all
the units connected to it, first, by its main dis-
crete steps and, second, by means of gearing from
the fine shaft 28 to points in between the main
discrete steps.

In order that the harmonic selected by con-
troller 8 may serve as a fixed reference and re-
main constant despite the intermediate adjust-
ment of shaft 26 caused by movement of the fine
knob 27, means must be provided for compensat-
ing for any changes in the adjustment of con-
troller 8. This is done by means of harmonic
trimmer circuit 30 and the tuning mechanism 29
forming part of this trimmer circuit. Capacitor
28 is operated in the opposite direction or reverse
sense to the controller 8 and thereby serves to
keep the frequency of harmonic selector 7 con-
stant as the fine knob turns with 29 directly and
8 indirectly by the mechanical link 31 between
the shafts 28 and 26. The eleciric circuit shown
in Pigure 2 aids in accomplishing this. 'This
represents the harmonic selector T made up of
the main inductance 46 and the main capacitor
8. Capacitor 29 is connected in series with
capacitor 8. Capacitor 8 varies in the ratio 4
to 1 while capacitor 29 must be larger, a con-
venient size being four times that of capacitor
8. That is to say, if capacitor 8 has values which
are in the ratio of 4 to 1, capacitor 29 should
have values of 16 to 4. It is still not possible to

get absolute control of this situation, so it may.

be necessary to add the series funing element
shown as fixed capacitor 32 and inductance 33
which provide resonance at the lower end of the
band worked with. The effect of this series tun-
ing element will be to increase the effective capac-
ity on the low end.
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A more complete showing of the details of the
manual control is to be found in Figures 3 and
4. There, it will be seen that main knob 28% has
a plurality of hemi-spherical depressicns 34 in
its shaft which cooperate (one at a time) with
a detent formed by ball 85 and spring 36. Knob
25 carries gear 37 on it (see Figure 4). This gear
serves as a Sun gear about which planet gears 38
may rotate. Planet gears 38 mesh at their outer
portions with infernal gear 39 forming part of a
ring 48 mounted on the end of shait 25. Planet
gears 38 are rotatably mounted on pins 8! car-
ried by lever 42 which has at its outer end a seg-
ment 43 which meshes with gear 44 connected to
knob 27 and shaft 28. The gear reduction ratio
between shaft 28 and 26 is 40 to 1.

The operation of my device is as follows: A
frequency is selected by the main adjustment 25.
By shaft 26 this tunes master oscillator 9 and
antenna tuning 24 for the same frequency. Also
harmonic selector 7 picks a harmonic of crystal
8. This harmonic will differ from the frequency
of the master oscillator 9 so as to give g beat in
the output of the mixer 12. 'This beat will be
compared with the frequency of the second ref-
erence oscillator {4, If the beat and reference
oscillator are the same in frequency the main
tuning is correct. If they are nof, and say the

beat is higher than the reference oscillator, the

phase shift controller {5 will cause two-phase
motor {6 to turn to bring the frequency of the
beat into accord with the reference oscillator 14.
A convenient frequency for crystal 5 is 200 kilo-
cycles (ke.) This crystal serves as a master
reference. Assume a band coverage frocm 4 {o
8 megacycles (me.). This means twenty 200 kc.
harmonic points from 4 to 8 mc. As there is a
spread of 200 kc. between any two harmonics of
the crystal § such as for example the twenty-
second and twenty-third at 4.4 mec. and 4.6 mec.
respectively, reference oscillator 14 must cover
this range. It is convenient to accomplish this
for example in the normal intermediate fre-
quency ranges as from 300 ke. to 500 ke. This
will give a frequency range well handled by the
normal 4 to 1 capacitor in tuning the reference
oscillator {4. At the same time this is as low
a frequency as is conveniently possible without
getting into trouble.. The lower the frequency,
the more accurate the final adjustment. Now
if the master oscillator setting is at 4.7 me., and
the harmonic selector is on the tweniy-second
harmonic or 4.4 mec., there will he a beat of 0.3
me. or 300 ke. in the mixer 12. If the fine adjust-
ment knob 27 is at zero, the shaft 28 will have
turned the reference oscillator 14 to its lower end
or 300 ke., and the set is in adjustment. If the
master oscillator 9 is slightly below 47 mc., the
beat note will be less than 300 ke., and the phase~
shift controller {5 and its associated two-phase
motor {6 will act mechanically tc decrease trim-
mer capacitor control {! to raise the frequency
of the master oscillator 9. Now, if the fine ad-
justment knob is turned up 100 ke., this will act
to ingrease reference oscillator {4 frequency to
400 kc. and beat tuning {3 to 400 ke. and har-
monic trimmer 38 to hold the harmonic selector
1 to the same twenty-second harmonic by de-
creasing the capacitor 29. At the same time,
the mechanical link 31 will turn the main shaft
26, to increase the frequency of the master oscil-
lator 8 and antenna tuning 24 by this same 100
ke. If fine readjustment is necessary to make
the master oscillator 9 now exactly 100 kc. higher
or 4.8 mc., the phase controller {5 will again act
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through two-phase motor {6 on trimmer (1 on
the master oscillator 8.

Receiver 18 is a superheterodyne receiver and
depends on the master oscillator to act as the
local oscillator. The intermediate frequency is
200 ke. - So when the shift is made from transmit
to receive, the same switching which operates 28
will operate to move the detent mechanism 35
and 36 arcund one notch in such a direction as
to drop it back one step so that the master oscil-
lator and harmonic selector will drop back 200 kc.
The receiver, hy the same token, will be brought
to its correct tuning point of say 4.8 me. It is
200 kc. too high in tuning on transmission.

When it is decided to operate transmitter 18
or receiver 8, switch 28 is manually set in the
desired position so that it connects the antenna 21
and ground 22 to the transmitter {8 or to the
receiver i8. Detent 35 yieldingly retains knob 25
in the position to which it is moved. Knob 25 is
manually adjusted, turning shaft 26, which moves
controller 8 so as to select a2 harmonic of the out-
put frequency of crystal controlled oscillator 5.
This ouput contains twenty available harmonics
which are spaced 200 ke. apart. If it is desired
to operate at a frequency intermediate one of
those provided by the harmonic selector 7, knob 27
and shaft 28 are manually adjusted so that in
effect the numerical value of the setting of the
reference oscillator {4 (having a range of 200 kc.)
is added to the frequency of the harmonic selector.
It would be egually possible to work down from a
selected harmonie to intermediate values in which
case the value of the second reference oscillator
would be subfracted from the main frequency
sefting., Whenever reference oscillator 14 is ad-
justed, harmonic trimmer 30 is also adjusted in
the opposite sense, so that the frequency output
from harmonic selector 7, modified by the har-
monic trimmer 20, is fed to mixer circuit 12.. The
frequency output from master oscillator 9, as
adjusted by controller 10, is also fed to mixer 12
and a keat between these two frequencies occurs.
The purpose of the IF or beat tuning circuit 13
is to select the beat out of all the hash that may
be present in the input from the master oscillator
9 and from harmonic selector 7 so that a nice, clear
beat is accomplished. This beat is then combined
with the frequency output of IF or reference
oscillator {4 in a normal two-phase arrangement
with 90° shift of phase by means of phase-shift
controller circuit 15. This type circuit is shown
in detail in my copending application Serial
Number 494,892, filed July 14, 1943, now aban-
doned, where two frequencies are compared and
a motor is made to run in one direction or the
other depending upon whether one frequency is
above or below the other. However, to accom-
plish the adjustment of the master oscillator fre-
quency to the proper value, any system for this
purpose, already known to the art, which operates
on g comparison of two frequencies may be used
instead. If there is any frequency difference be-~
tween the beat and the output of reference oscil~
lator 14, two-phase motor {8 turns controller {i
by means of mechanical connection 45 and adjusts
the outout of this master oscillator into agree-
ment with the setting which has been made on
the reference oscillator 14.

The master oscillator 9 must be 300 ke. off the
harmonic selected in order to be in adjustment at
the low end of the fine shaft setting. At this point
the primary beat between master oscillator 9 and
the selected harmonic will be 300 ke. If it is not,
there will be a beat hetween this frequency and
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the frequency put out by the reference oscillator
{4 which is at 300 kc. This secondary beat actu-
ates the two-phase motor 16 and this automati-
cally adjusts.control {1 of the master oscillator 9
to the point where the oscillator is 300 ke. off the
selected harmonic. The beat between the output
of the mixer 12 and reference oscillator 14 thus
approaches zero.

I claim:

1. Means for maintaining constant the fre-
quency at which radio apparatus operates, said
means comprising, first means adapted to gen-
erate’ a first selected frequency, second means
adapted to generate a second selected frequency,
& cireuit arranged to receive said first frequency
and sald second frequency and to transmit the
beat between said frequencies, first manually op-
erable means controlling the respective fre-
guencies of the component waves which together
form said beat, third means adapted to Zenerate
& third selected frequency, second manually oper-
able means interlocked with said first manually
operable means and affording a more delicate
control of the respective frequencies of the com-
ponent waves which together form said beat,
a two-phase motor operable in response to any
frequency difference between -said beat and said
third frequency, a mechanical conneetion between
said motor and said second means, whereby said
motor tunes said-second means se that said beat
frequency is equal to the frequency of said third
frequency and therefore the operating frequency
of the apparatus is maintained constant, and sixth
means mechanically connected under the control
of said second manually operable means and elec-
trically connected to the first means so as to tune
said first means to compensate for any change
in the first selected frequency caused by operation
of said-first manually operable means.

2. Radio apparatus having high inherent fre-
quency stability and comprising a first source of
electricity of o few, relatively stable frequencies,
a second source of electricity of g larger number
of relatively unstable frequencies, means for mix-

5 ing said freguencies from said sources and for

producing a beat frequency between them, a third
source of electricity adjustable to produce a lower
order frequency, an electric motor electrically
connected to respond to any phase difference
between said beat frequency and said Iower order
frequency selected, a mechanism driven by said
motor to cause said beat frequency to match said
lower order frequency selected, a mechanical
coupling connecting said first source and said
second source to said third source and manually
operable to tune the output frequency of said
sources to select desired frequencies, and a fre-
quency-controlling element mounted for move-
ment in response to movements of said coupling
and interconnected in circuit with said first source
so0 as to vary the frequency of said first source
in the opposite direction to the variation in its
frequency under the control of said coupling.

3. A controller for stabilizing the operational
frequency of a radio apparatus, said controller
being constituted by an electric circuit arranged
to generate a relatively fixed frequency and con-
taining an adjustable element operable to select
harmonics of said frequency, a master oscillator
arranged to generate a relatively variable fre-
quency and adjustable to select the frequency
generated, a mixer circuit connected to said elec-
tric circuit and to said master oscillator so as to
receive the outputs thereof and combine said out-

puts into a beat, a reference oscillator arranged
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to generate one of a band of relatively low fre-
quencies and adjustable to select the frequency of
the wave generated, a phase shift circuit includ-
ing a two-phase motor and connected to said
mixer circuit and to said reference oscillator so
as to receive said beat and said frequency selected
- for said reference oscillator, said motor being
operable in response to any difference there-
between, a mechanical connection between said
motor and said master oscillator whereby the
output frequency of said master oscillator is ad-
justed by said motor to eliminate any frequency
difference between said beat and the output fre-
quency of said reference oscillator, and a second
adjustable element for selecting the frequency
generated by the reference oscillator, said second
adjustable element being mechanically inter-
locked with the adjustable element of said elec-
irical circuit and operable upon said electric cir-
cuit to maintain substantially constant the fre-
quency of the harmonic selected for said electric
circuit.

4. A frequency control system comprising: first
oscillator means including first tuning means for
adjusting the output frequency of the first oscil-
lator means to a selected one of at least two
different frequencies; master oscillator means in-
cluding second tuning means for adjusting the
output frequency of such master oscillator means;
reference oscillator means including third funing
means for adjusting the output frequency of the
reference oscillator means to a selected value
which is smaller than that of the difference in
frequency between any two adjacent frequencies
of those frequencies from which the frequency of
the first oscillator means may be selected; mixer
means deriving input from the first osecillator
means and the master oscillator means and pro-
ducing a beat frequency having a value which is
equal to the difference between the frequencies
of the respective inputs; frequency-setting means
deriving input from the mixer means and from
the reference oscillator means, such freguency-
setting means being connected to the master oscil-
lator means and responsive to a difference between
the respective frequencies of its inputs to tune

10

20

30

5

40

45

8

the master oscillator means and thus to bring the
output frequency of the master oscillator means
to a value such that the beat frequency output
of the mixer means equals the output frequency
of the reference oscillator means; first selector
means for operating the first and second tuning
means; second selector means for operating the
third tuning means; interlocking means inter-
locking the second selector means to the first
selector means so that operation of the second
selector means to an extent corresponding to a
certain change of frequency causes operation of
the first selector means to an extent correspond-
ing to the same change of frequency; and fourth
tuning means operated by the second selector
means and connected to the first oscillator means
to maintain the frequency of the first oscillator
at the selected value corresponding to the posi-
tion of the first selector means.

5. A frequency control system, as described in
claim 4, in which the mixer means include beat
tuning means for the purpose of selecting a clear
beat out of the inputs to the mixer means.

6. A frequency control system, as described in
claim 4, in which the frequency-setting means
include a two-phase motor connected to the
master oscillator means and include also means
so connecting the motor with the mixer means
and the reference oscillator means that the motor
is responsive to a difference between the respective
frequencies of its inputs to tune the master oscil-
lator means.

RICHARD H. RANGER.
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