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This invention relates to automatic tuning,

and more particularly to automatic tuning of

an antenna circuit to keep it in tune with.the

transmitter coupled thereto. -

It often happens that a circuit and its
source of energy drift relatively out of tune.
In some cases the frequency of a transmitter

may vary slightly, due to changes in tempera-

ture or of the applied input voltage or other
factors, and the tuning of the antenna cir-

cuit should be varied to keep it in tune. In

the case of an antenna circuit frequency drift
may be caused by swaying of the antenna con-

.ductors in wind, with a resulting change in

the capacitance of the antenna. In such case

‘the transmitter may be considered to be a

source of constant frequency, and the problem

15 to so vary a tuning reactance in the an-
- tenna circuit as to maintain constant fre-
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quency. Otherwise expressed, the circult
should follow the frequency variations of its

the variation 1s zero. -

‘source of energy even in the special case when

Accordingly, it is an object of my invention
to provide means for automatically varying
the resonance frequency of a circuit to follow
variations in the frequency of the energy sup-
plied toit. To do thisItake advantage of the

phase displacement between the current in the

circuit and the potential applied thereto

which results from detuning by combining a

~ portion of the supplied energy with a por-

35

‘tion of the energy in the circuit at a desired

phase displacement, preferably quadrature,
when the. tuning is correct, and simultane-
ously combining a similar portion of the sup-
plied energy with a similar portion of the en-

- ergy 1n the circuit at an approximately simi-

40
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lar phase displacement in opposite sense. In

this way the phase shift caused by incorrect
tuning makes the phase displacements differ,
for one is increased while the other is de-
creased. By then comparing the resulting
energiles their difference may be used to vary
the tuning of the circuit in that direction
which lessens the difference. -
The control mechanism, in simplest form
may comprise a differential relay which actu-
ates a reversing motor which varies a tuning
variometer. For combining the comparison

1, 1927. Serial No. 230,214.

energies, which may best be in the form of

potential. from the source and current from

the circuit, and to provide an average cur-

rent for actuating a differential relay, the
combining means may conveniently be elec-
tron emission tubes, and in such case the ap-

paratus comprises a pair of electron emission

tubes, means coupling the source to a pair of
like electrodes of the tubes, preferably the
control electrodes, 1n series, means coupling
the circuit to a pair of like electrodes of the

tubes, preferably the anodes, in parallel, with-
a desired phase displacement, preferabl_y 90°,

and a differential relay in the anode circuits

of the tubes for controlling the tuning of
the circuit.

In the case of a high frequency alternator
experience shows that the operation is more
stable if the antenna is kept tuned to a fre-

quency slightly higher than that generated
by the alternator. In such case the control

65
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should maintain a desired relation between

resonance frequency of a circuit and the fre-

quency of energy supplied thereto, the rela-

tion being not necessarily unity. To attain
this I adjust the phase of all of the energy
supplied from either the source or the circuit.
This makes apparent zero phase displacement
occur when 1n actuality there is existent the
desired phase displacement. ' -

The invention i1s described more in detal
in the following specification which is ac-
companied by drawing in which

Figure 1 1s a vector diagram explanatory
of my invention; ' o

5
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Figure 2 is a wiring diagram of my inven-

tion as applied to an alternator; _

Figure 3 represents the invention -appliéd "

to a vacuum tube transmitter; and
Figure 4 i1s a modification showin

on the control electrodes of the tubes. |
Referring to Figure 1, vector 2 represents

a portion of energy taken from the source,

and vector 4 is a portion of energy taken

~from the circuit, these differing in phase by
‘a desired amount. They combine to a result-

the
transmitter and antenna energies combined:

90
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ant which may be represented by the vector

6. Similarly the vector 8 represents another
portion of energy taken from the source,

100
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.whlch combmes mth a vector 10 re resent— the antenna portmn of the companson el-

ing another ‘Fortmn of energy taken from the
circuit to effect a resultant vector 12, these

vectors differing in phase from the afore-_

mentioned vectors by an equal amount but
in. opposite sense. Detuning of the circuit

causes the phase relation between the current
therein and the source to shift in one direc-
tion or the other, according as the circuit -be-

comes capacltlve or inductive. - This shift
affects the vectors 4 and 10 in the same direc-
tion, resulting in new positions 4" and 10/,
as a random instance. The resultant vectors,
instead of being 6 and 12, which are equal,
will become 6’ and 127, which are unequal.
In the special case in which the rhase dis-
placements between the vectors 2 and 4, and
8 and 10, are quadrature, the vectors 4 and
10 will merge to form a. smgle vector 14.

Attention i1s now directed to Figure 2, in
which the alternator coils of an Alexander-
son alternator are represented by the numeral
20. These are coupled in series for potential
addition with an alternator collector trans-
former 22 which feeds the antenna 24. In the
alternator there is provided an extra coil 26,
or one of the regular ¢oils may be used, the
potential cross which is in phase with the
potential of the alternator. From this coil
26 a portion of the alternator energy is ap-
plied to the grids of the tubes 28 and 30 1n
series, or phase opposition.

In the antenna circuit there are provided
radio frequency transformmers 32 and 34,
which are coupled to the anode circuits of
the tubes by means of the transformer second-
arles, the connections to one of which are re-
versed so that, in effect, a portion of the
energy of the circuit 1 coupled to the tubes
in parallel. The series connection of the
grids causes their energization to be in phase
opposition, that 1s, causes the vectors 2 and
8 in Figure 1 to lie in opposite directions.
The parallel connection to the anodes causes
the anode excitation to be cophasial, and be-
cause of the 90° phase dlsplacement intro-
duced by the radio frequency transformers

32 and 34, the antenna energization is in

quadrature, as 1s represented by the vector
14 1in Figure 1.

In the anode circuits there are connected in

parallel the by-pass condensers 38 and the

coils 40 and 42 of a differential relay, the
armature 44 of which is adapted to close the
circuit from a direct current supply 46 to
either side of a relay 48 which reverses the
reversingmotor 50. This isarrangedthrough
a worm 52 and worm gear 54 to rotate a
variometer 56 in order to vary the tuning of
the antenna.

If it is desired to have the resonance fre-
quency of the antenna circuit differ from
that of the alternator it is only necessary to
cause an appropriate anticipatory shift in
the phase of either the alternator portion or

ergy. To do this there are coupled vamable
condensers 58 and variable resistances 60 b
the adjustment of the magnitude of whi
the phase of the alternator portion of energy
may be suitably displaced.

In Figure 3 the transmitter is a ‘vacuum
tube oscillator comprising a master oscillator
62 for controlling the frequency in a power
amplifier 64 the output from which 1s radi-
ated by an antenna 24. The antenna circuit
1S coupled to the anodes of the tubes 28 and
30 by means of a single radio frequency
transformer 36, but this is located in the com-

mon anode lead so that the coupling, as be-

fore, 1s in parallel In the anode circuits
there are provided the coils 40 and 42 of a
differential relay, by-passed by the con-
densers 38. The relay coils are arranged to
differentially actuate an armature 44 which
controls current from a direct current source

46 to a reversing motor 50 whichradjusts the

setting of a var Tometer 56.

‘The control electrode circuit is also simi-
lar to that shown in Figure 2 except that the
portion of transmitter energy is tapped from
the output of the master oscﬂla,tor, instead
of being obtained from a separate coil, as 1n
the case of an alternator. 'L'his energy may
equally weil be obtained from one of the
stages of the power amplifier.

In Figure 4 there 1s illustrated an alterna-
tive method for obtaining the desired phase
relations between the antenna and trans-
mitter portions of energy. The transmitter
portion of energy is applied to the tube grids
in parallel, instead of in series, across the re-
sistance 80. The antenna energy 1s also ap-
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plied to the grids, rather than to the anodes

of the tubes, as in Figures 2 and 8, and in
series, instead of in parallel. The couphng
IS through a radio frequency transformer 82,
and such transformers usually have so hlgh
a leakage reactance that a phase change of
almost 90° takes place.

In this respect it might be well to point
out that the terms “quadrature”, and “like
phase displacement”, referring to the vectors

4, 10 and 14, in Flgure 1, are £o be construed

hberally Thus with the arrangement
shown 1n Figure "4 the vectors 4 and 10 may
coincide and be displaced from the vector 14,
and yet the system is perfectly operatwe,
the 1mt1a1 inequality being compensated by

biasing the loading of the differential relay,

or by adjustment of the phase of one of the
energies.

105
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Other dlﬁ'crenccs illustrated by the modifi-

cation shown in Figure 4 are that the phase
adjusting means P is indicated more broad-
ly, and may be a split phese goniometer, for
example; that the comparison energy from
the transmitter is taken from an intermediate

power amplifier stage; and that the anode
circuits of the tubes 28 and 30 are energized
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from a direct current source '84, In this con-
nection 1t should be noticed that also in the
modifications shown in Figures 2 and 3 a B

battery may be used to augment the relay
currents. ' -

I claim: |

1. An arrangement for automaticall
maintaining a desired relation bétween the
resonance Frequency of a tuned circuit and
the frequency of energy supplied thereto

comprising a source of energy, a circuit sup-
~ phied thereby, means for combining a por-

16
20
I _25
- 80
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40

tion of the energy in the circuit at a desired
phase displacement when the desired fre-
quency relation exists, means for combining
a portion of the energy from the source with

tudes of the resulting energies, an electro-
mechanical relay responsive to the difference
in energies, and an electromechanical device,
responsive to the action of said relay for
varying the tuning of the circuit in that di-

rection which lessens the difference.

2. An arrangement for automatically
malntaining a desired relation between the
resonance frequency of a tuned circuit and
the frequency of energy supplied thereto
comprising a source.of energy, a circuit sup-
plied thereby, a pair of electron emission
tubes, means coupling the source to a like

pair of electrodes of the tubes in one manner,

means coupling the circuit to a like pair of

electrodes of the tubes in another manner,

respectively, with a desired phase displace-
ment, an electromagnetic relay responsive to
the difference in the anode currents and, an

electromechanical device responsive to the

action of the relay for varying the tuning of
the circuit in that direction which lessens the
difference. | |

3. An arrangement for automatically

~ maintaining a desired relation between the

45

- comprising a source of energy, a circuit sup-
~ plied thereby, a pair of electron emission

50

~ bb

80

lessens the difference.

resonance frequency of a tuned circuit and
the frequency of energy supplied thereto

tubes, means coupling the source to the con-
trol electrodes of the tubes in series, means
coupling the circuit to the anodes of the tubes
in parallel, an electromagnetic relay respon-

sive to the difference in the anode currents

and, an electromechanical device responsive
to the action of the relay for varying the tun-
ing of the circuit in that direction which

4. An arrangement for automatically
maintaining a desired relation between the
resonance frequency of a tuned circuit and
the frequency of energy supplied thereto

- comprising a source of energy, a circuit sup-

85

plied thereby, a pair of electron emission
tubes, means coupling the source to the con-

trol electrodes of the tubes in series, means

| - trol electrodes o
a portion of the energy in the circuit at a de-

-sired phase displacement in opposite sense,
means to differentially compare the magni--

3

couijl.ingthe' ci__rcuit to the anodes of the tubes _
1n parallel with a desired phase displacement,

an electromagnetic relay responsive to the

difference in the anode currents and, an elec-

tromechanical device responsive to the action

of the relay for varying the tuning of the cir-
y cuit in that direction which lessens the differ-

ence. P .
5. An arrangement for automatically
maintaining a desired relation between the

resonance frequency of a tuned circuit and
‘the frequency of energy supplied thereto

comprising a source of energy, a circuit sup-
plied thereby, a pair of electron emission
tubes, means cou%aling the source to the con-

f the tubes in series, means
coupling the circuit to the anodes of the tubes
in parallel with a phase displacement in
quadrature, an-electromagnetic relay respon-
sive to the difference in the anode currents
and an electromechanical device, responsive
to the action of the relay for varying the tun-
ing of the circuit in that direction which less-
ens the difference.

6. An arrangement for automatically
maintaining a desired relation between the
resonance frequency of an antenna circuit
and the frequency of energy supplied thereto
comprising a transmitter, an antenna circuit
supplied thereby, a pair of electron emission
tubes, means coupling the transmitter to the

control electrodes of the tubes in series, means -

couphing the antenna circuit to the anodes of
the tubes in parallel with a phase displace-
ment 1n quadrature, an electromagnetic relay
responsive to the difference in the anode cur-
rents and, an electromachanical device, re-
sponsive to the action of the relay for vary-

ing the tuning of the antenna circuit in that

direction which lessens the difference.
7. An arrangement for automatically
maintaining a desired relation between the

-resonance frequency of an antenna circuit
and the frequency of energy supplied thereto

comprising a transmitter, an antenna circuit
supplied tﬁereby, a pair of electron emission
tubes, means coupling the transmitter to the

-control electrodes of the tubes in series, means

coupling the antenna circuit to the anodes
of the tubes in parallel with a phase displace-
ment in quadrature, a differential electromag-
netic relay in the anode circuits of the tubes,
a varlable reactance in the antenna circuit,
and electro-mechanical means responsive to

the differential relay for varying the react-

ance in that direction which corrects the fre-
quency relation. o

8. An arrangement for automatically main-
taining a desired relation between the reson-

ance frequency of a tuned circuit and the fre-

quency of energy supplied thereto compris-
ing ‘a source of energy, a circuit supplied
thereby, a pair of electron emission tubes,
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means coupling the source to a like pair of

electrodes of the tubes in series, means cou-

130



4

pling the circuit to a like pair of electrodes of
the tubes in parallel, respectively, with a de-
sired phase displacement, phase adjusting

~means in one of the coupling circuits for ad-

10

15

20
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phase adjustin

justing the frequency relation, an electro-
magnetic relay responsive to the difference in
the anode currents and, an electromechanical
device responsive to the action of the relay for
varying the tuning of the circuit in that di-

rection which lessens the difference.

9. An arrangement for automatically

maintaining a desired relation between the

resonance frequency of a tuned circuit and
the frequency of energy supplied thereto com-
prising a source of energy, a circuit supplied

thereby, a pair of electron emission tubes,
means coupling the source {0 the control elec-
trodes of the tubes in series, means coupling
the circuit to the anodes of the tubes in par-
allel with a desired phase - displacement,
g means in one of the coupling

circuits for adjusting the frequency rela 1on,
an electromagnelic relay responsive to the
difference in the anode currents and, an elec-
tromechanical device responsive to the action
of the relay for varying the tuning of the
circuit in that direction which lessens the
difference. - -
10. An arrangement for automatically
maintaining a desired relation between the

resonance frequency of a tuned circuil and

the frequency of energy supplied thereto com-

- prising a source of energy, a circuit supphed

- 85
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thereby, a pair of electron emission tubes,
means coupling the source to the conirol elec-
trodes of the tubes in series, means coupling
the circuit to the anodes of the tubes 1n par-
allel with a desired phase displacement, phase
adjusting means in the control electrode cou-
pling circuit comprising series reactance and
resistance for adjusting the frequency rela-
tion, an electromagnetic relay responsive to
the difference in the anode currents and, an
electromechanical device responsive to the
action of the relay for varying the tuning of
the circuit in that direction which lessens the
difference. | |

- 11. An arrangement for automatically
main’aining a desired relation between the
resonance frequency of an antenna circuit
and the frequency of energy supplied thereto
comprising a transmitter, an antenna circuit

supplied thereby, a pair of electron emission

tubes, means coupling the transmi'‘er to the

control electrodes of the tubes in series, means

coupling the antenna circuit to the anodes
of the tubes in parallel wilh a phase displace-
ment in quadrature, a differential electromag-
netic relay in the anode circuits of the tubes,
a variable reactance in the antenna circuvl”,
electro-mechanical means responsive to the

differential relay for varying the reac ance

“in that direction which corrects the frequency

relation, and phase adjusting means in the
control electrode coupling circult compris-

1,007,065

ing series reactance and resistance for adjust-
ing the frequency relation.

~12. An arrangement for automatically

maintaining a desired relation between the
resonance frequency of a tuned circuit and
the frequency of energy supplied thereto
comprising a source of energy, a circuit sup-
plied thereby, a pair of electron emission
tubes, means coupling the source to a like
pair of electrodes of the tubes in parallel,
means coupling the circuit to a like pair of
electrodes of the tubes in series, respectively,
with a desired phase displacement, phase ag-

justing

for adjusting the frequency relation, an elec-

tromagnetic relay responsive to the difference
in the anode currents and, an eleciromechani-

cal device responsive to the action of the re-
lay for varying the tuning of the circuit in
that direction which lessens the difference.
13. The method of automatically maintain-
ing a desired relation other than an equal
relation between the resonance frequency of
a tuned circuit and the frequency of energy
supplied thereto which includes combining
a portion of the supplied energy with a por-
tion of the energy in the circuit at a desired
phase displacement when the desired frequen-
cy relation exists, simultaneously combining
a portion of the supplied energy with a por-
tion of the energy in the circuit at a desired
phase displacement in oppositesense, whereby
the phase shift caused by a change in the fre-
quency makes the phase displacements differ,

‘comparing the resulting energies, and using

their difference to vary the tuning of the cir-
cuit in that direction which lessens the difier-

14. An arrangement for automatically
maintaining a desired relation between the
resonance frequency of a tuned circuit and
the frequency of energy supplied thereto
comprising a source of energy, a circuit sup-
plied thereby, means for combining a portion
of the energy in the circuit at a desired phase
displacement when the desired frequency re-
lation exists, means for combining a portion
of the energy from the source with a portion
o fthe energy in the circuit at a desired phase
displacement in opposite sense, means to dif-

ferentially compare the magnitudes of the re-

sulting energies, and means responsive to
their difference for varying the tuning of the
circuit in that direction which lessens the
difference. | |

- 15. An arrangement for automatically

‘maintaining a desired relation between the

resonance frequency of a tuned circuit and
the frequency of energy supplied thereto com-
prising a source of energy, a circuit supplied
thereby, a pair of electron emission tubes,
means coupling the source to a like pair of

“electrodes of the tubes in one manner, means -

coupling the circuit to a hike pair of elec-
trodes of the tubes in another manner, re-

¢ means in one of the coupling circuits
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sptﬁéti?ély, with a desired phase displacement,
and means responsive to the difference in the

anode currents for varying the tuning of the

circuit in that direction which lessens the
difference. - .
16. An arrangement for automatically

- maintaining a desired relation between the

10

15

resonance frequency of a tuned circuit and
the frequency of energy supplied thereto
comprising a source of energy, a circuit sup-
plied thereby, a pair of electron emission
tubes, means coupling the source to the con-
trol electrodes of the tubes in series, means
coupling the circuit to the anodes of the tubes
in parallel, and means responsive to the dif-
ference in the anode currents for varying

- the tuning of the circuit in that direction

20

25

which lessens the difference.

17. An arrangement for automatically
maintaining a desired relation between the
resonance frequency of a tuned circuit and
the frequency of energy supplied thereto
comprising a source of energy, a circuit sup-
plied thereby, a pair of electron emission
tubes, means coupling the source to the con-
trol electrodes of the tubes in series, means
coupling the circuit to the anodes of the

- tubes in parallel with a desired phase dis-

30

35

placement, and means responsive to the dif-
ference in the anode currents for varying the
tuning of the circuit in that direction which
lessens the difference. |

18. An arrangement for automatically
maintaining a desired relation between the
resonance frequency of a tuned circuit and

~ the frequency of energy supplied thereto

40

comprising a source of energy, a circuit sup-
plied thereby, a pair of electron emission
tubes, means coupling the source to the con-

trol electrodes of the tubes in series, means

coupling the circuit to the anodes of the tubes
in parallel with a phase displacement in quad-
rature, and means responsive to the differ-

-ence in the anode currents for varying the

45

tuning of the circuit in that direction which
lessens the difference.

- 19. An arrangement for automatically
maintaining a desired relation between the

resonance frequency of an antenna circuit

50

~cuit supplied thereby, a pair of electron emis-

and the frequency of energy supplied there-
to comprising a transmitter, an antenna cir-

sion tubes, means coupling the transmitter to

- the control electrodes of the tubes in series,

55

 displacement in quadrature, and means re-

60

means coupling the antenna circuit to the
anodes of the tubes in parallel with a phase

sponsive to the difference in the anode cur-
rents for varying the tuning of the antenna
circuit in that direction which lessens the
difference. |

. 20. An arrangement for automatically

85

maintaining a desired relation between the
resonance frequency of an antenna circuit
and the frequency of energy supplied thereto

comprising a transmitter, an antenna circuit
supplied thereby, a pair of electron emission

'5

tubes, means coupling the transmitter to the

-control electrodes of the tubes in series, means

coupling the antenna circuit to the anodes
of the tubes in parallel with a phase dis-
placement in quadrature, a differential relay
in the anode circuits of the tubes, a variable
reactance 1n the antenna circuit, and means
responsive to.the differential relay for vary-
ing the reactance in that direction which

~corrects the frequency relation.

21. An arrangement for ~automatically
maintaining a desired relation between the
resonance frequency of a tuned circuit and
the frequency of energy supplied thereto

70
75

80

comprising a source of energy, a circuit sup-

plied thereby, a pair of electron emission
tubes, means coupling the source to a like
pair of electrodes of thetubes in series, means

&5

coupling the circuit to a like pair of elec-

trodes of the tubes in parallel, respectively,

‘with a desired phase displacement, phase ad-
Justing means in one of the coupling circuits

for adjusting the frequency relation, and

20

means responsive to the difference in the

anode currents for varying the tuning of the
circuit 1n that direction which lessens the

difference. -
22. An arrangement for automatically
maintaining a desired relation between the
resonance frequency of a tuned circuit and
the frequency of energy supplied thereto
comprising a source of energy, a circuit sup-
plied thereby, a pair of electron emission
tubes, means coupling the source to the con-
trol electrodes of the tubes in series, means

coupling the circuit to the anodes of the

tubes in parallel with a desired phase dis-
placement, phase adjusting means in one of
the coupling circuits for adjusting the fre-

'l

106

105

quency relation, and means responsive to the

difference in the anode currents for varying
the tuning of the circuit in that direction
which lessens the difference.

23. An arrangement for automatically
maintaining a desired relation between the

resonance frequency of a tuned circuit and

the frequency of energy supplied thereto
comprising a source of energy, a circuit sup-

plied thereby, a pair of electron emission

110

115

tubes, means coupling the source to the con-

trol electrodes of the tubes in series, means
coupling the circuit to the anodes of the
tubes in parallel with a desired phase dis-

placement, phase adjusting means in the

control electrode coupling circuit compris-

120

ing series reactance and resistance for ad-

justing the frequency relation, and means

responsive to the difference in the anode cur-

- rents for varying the tuning of the circuit in

that direction which lessens the difference.

- 24. An arrangement for automatically

maintaining a desired relation between the
resonance -frequency of an antenna circuit

125
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and the frequency of energy supplied there- I

to comprising a transmitter, an antenna cir-

cuit supplied thereby, a pair of electron emis-
sion tubes, means coupling the transmitter to
the control electrodes of the tubes in series,
means coupling the antenna circuit to the
anodes of the tubes in parallel with a phase
displacement in quadrature, a differential re-
lay in the anode circuits of the tubes, a vari-

- able reactance in the antenna circuit, means

responsive to the différential relay of vary-
ing the reactance in that direction which cor-

- rects the frequency relation, and phase ad-

15

tion.

20

25
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35

justing means in the control electrode cou-

pling circuit comprising series reactance and
resistance for adjusting the frequency rela-
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