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* 9 Claims.

The present invention, broadly stated, com-

prises an automatic tuning system for assuring
the proper phase relation between the input and
output voltages of an electron discharge device.

The invention is described hereinafter with
particular reference to a radio transmitter. In
high power radio transmitters, it is important for
the plate tank circuit (oscillatory circuit) -of the
. power amplifier to be correctly maintained in
_resonance. Often, there isprovided a long trans-

mission line which extends from the plate tank

circuit of the power amplifier to the antenna for
feeding energy to the antenna. If the impedance
of the transmission line or antenna changes due
to. climatic conditions such as rain, snow, sleet,
wind, etc., the loading on_the transmitter will
also change and this condition will reflect an im-
pedance upon the transmitter which will change
the tuning of the plate tank circuit of the power
amplifier from its correct value, Such.an unde-
_sired change in the tuning of the power amplifier
is, in effect, a change in the pbase of the output
voltage with respect to the input voltage, -and
-may -cause & large increase in the plate current
of the amplifier with.consequent damage to the
- electron discharge.device. .- - .- L
" The present invention . overcomes the fore-
.going difficulties by providing a system which au-
tomatically tunes. the tank circuit of the -power

- amplifier, or of any other. desired vacuum tube..

-stage, in order to maintain the phase of the plate
_voltage at the correct relation to the grid voltage.
In this way I am able to prevent undesired energy
losses in the plate circuit of the tube and main-
tain the operation of the system at high efficiency.
-An important feature of the invention resides
in an arrangement which utilizes the same stand-
- ard oscillator furnishing the basic frequency for
- the transmitter for providing a lower frequency
-which serves, in' a way.described.in more detail
later, to energize a motor in order to restore the
tuning to its correct value. This arrangement
- requires the use of 2 heterodyne oscillator and
ehables me tostandardize all of the low fre-
quency apparatus..- - . - :
A description of the invention follows in con-
junction with a drawing whose single figure il-
lustrates an embodiment of the invention, applied
o a high power radio transmitter.

-~ Referring to the drawing, there is. shown . (dia-

" grammatically only) a high power radio trans-
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“and 2l.: Transformer 20 is so arranged as to
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- mitter comprising a crystal oscillator 1, a fre- ~

quency multiplier 2, a power amplifier 3 having
“an input tank circuit 4 and an output tank circuit
5, and a transmission line TL coupled to the tank
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circuit 5 and feeding enerey to a remote antenna.
6. Only those parts-of the transmitter have been.

shown which are essential to an undeistanding of
the principles of the invention. For purposes of
exposition only, let us’ assume‘;that the. . crystal: .~

oscillator | generates stable oscillations of 1000 "
cy. multiplier 2° .-

kilocycles, and that the freg
multiplies the output of the. oscillator to 9000
kilocycles. If the output tank éir¢uit 8 is’tuned
to resonance (9000 kilocycles), ‘then the plate
current of amplifier 3 will be in phase with the
voltage on the input grid of the amplifier, and the
plate voltage will be 1807 out-of-phase with the
grid voltage on the same tube. -In order to assure
this phase relationship, there is provided an au-
tomatic: tuning- system” which will now be. .de-
scribed. B ' -

The crystal frequency of oscillator 1 is multi-

-plied by frequency multiplier-1-to 8000 kilocycles

and oscillations of this 8000 kilocycle frequency"
are supplied to frequency converters or mixers 8
and 9 which receive over leads 10 and I, respec-
tively, currents from the input and:output tank
circuits 4 and § of power amplifier 3. Since the
currents in tanks 8 and 8 have a frequency. of
9000 kilocycles, there will be produced in the out-
puts of these frequency converters currents of a
frequency of 1000 kilocycles. - A stable -hetero-
dyne oscillator. (2, preferably a crystal-controlled

-type, provides currents which beat with the 1000
. kilocycle output currents from converters 8 and.
'§ in additional frequency converters 13 .and 14,

respectively; to:produce audio f:e_quéncy outputs
in leads 15 and 16 0f 100 cycles each: - One of
these 100 cycle currents, here shown as appearing -
in lead I8, is fed to a phase shifter 1T and then
to an audio amplifier 18. ‘The ofher 100 cycle
current in lead 15 is fed to an audio amplifier 19.
In the outputs of these audio amplifiers 18 and
19 there are provided a pair of transformers 20

produce in its output coil 22 a voltage which is
the vector sum of the voltages applied to the
audio amplifiers, while transformer 21 is so ar-
ranged as to produce in its output coil 24 a volt-
age which is the vector difference of the voltages

“applied to the audio amplifiers. Coils 22 and 24
" are coupled by means of leads 25 and 286, re-

spectively, to different coils of & small two-phase
reversible motor M whose rotatable armature is
linked by a shaft, shown by dash lines 21, to a
variable reactance (here shown as the condenser)
in the output tank circuit 5. Motor M is used to
tune the power.amplifier tank circuit 5. -
The sum voltage in leads.25 is 90° out-of-phase-
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with respect to the difference voltage in leads 26.
Motor M will run in either of two directions, de-
pending upon the sense in which the output tank
circuit is detuned. When the voltages applied
to the motor are exactly 180° out-of-phase, there
will be no torque developed on the motor due to
the absence of a quadrature component, in which
case there. will be voltage on only one wmdmg of
the motor, - -

The phase. shifter I1 serves to control the set-

ting of the tuning of the output tank 5. If there :

is any undesired difference in phase between the
input and output voltages derived from-tanks-4
and 5, respectively, we can- then compensate. for

this undesired difference by.mmeans of an ‘adjust-,,

ment in the phase shifter (7.
In the operation of the system, any departure

from normal of the phase rélation between the .

voltages in tanks 4 and 5, due to reflections
caused by climatic condltmns affecting the an-
‘tenna, Wlll Produce a movernent in ‘the meotor 6f
‘such sehse ahid magmtude ‘gs to restore ‘the ‘phase
relation ‘between the voltdges in ‘the:input- and
output ‘tank eircuits *4-#nd 5-to normal.

“THe radio translmtter ‘is also showh ‘supplied
W1th ‘a coupling'control feature comprising -a plate
“eurrént relay--80-in - thie ‘eathiode “circuit- of the
“power amplifier;'and & revers1bIe motor M’-linked
“to the transformer -31. “Relay-30 works ‘between
“désired currént miaximum ‘afnd ‘currént ‘minimum
“litits, " This 'motor M’ varies -the -coupling -be-
“tWeen ‘the dntenia load-and the otitput-tank -cir-
‘guit’5'to assure coltstant power cutputfrom power
‘amplifier 3." 'W1thout ‘this -¢oupling-contrel :fea-
“ture, ‘the- power amplifiér: ‘may-always work-into g
‘Tesistive 1ad “becauseof ‘the ~automsdtic -tuning
system but may not work into the optimum or
proper load determined by-vatious factors. -Motor
M’-1s ‘interlocked’ in“a<maniter-not showi, to-in-
°sure its operatlon only after AmotorFM has func-
tloned

One ‘advantagecof the»present mVentlonshes An
the ease with-which the'low: frequency équipment
“¢an -be ‘standardized. - 'Phis 45 4n -virtue::6f ithe

~heterodyne: circuit-which beatsithe: h1gh frequen—
ciesdown to: audio=frequenmes S
-What isclaimedis: - g
1, ‘The‘method of: ma.mtammg a predetermmed
phase relation -between -the waves. in-a pair .of
cascaded ‘tank circuits’ fined-‘to the "same : fre-
~“quency “which -comprises- denvmg currents ‘from
“éach-of said tank-éircuits, beating said ;currents
" ‘with -stable ‘fredquency escillations to: produce a
“palr -0f lower freguéncy-currents-of the sarme fre-
“guency-‘combining said lower- -frequency- currents
“to’ produce two ‘phase -displaced «voltages ‘one -of
“‘Wwhich is° ‘equal-to‘the veetor'sum and.the-other
“-6f“which-is -equal-to ‘the -vector -difference ‘of the
~Yoltages ‘produced &t “said - lower -frequency, and
: utﬂmmg said two’ phase ‘displaced voltages-to vary
“the' tuning-of one-of-said-tank-ecircuits in that
~*direction which m]l'mamtam said-predetermined
: phase relation.

-~ 2.'The method ‘of: automatlcally mamtammg a
“desired phase rélation'between the resohancefre-
“quency ‘of a-turied-circuit-and-the: ~frequengy -of
“‘energy supplied therétoswhich includes-separately
“mixing-current -derived from-said tunéd circuit
~and "current ‘from - theenergy ‘supplied - thereto
“with-escillations of-a §table frequency to- produce

*Jower- frequency-eurrents, beating said-lower. fre-
‘quency - currents -down to -audio fréguency: cur-
“rents of ‘the-saine - fréquency; combining : said
audio frequency’ euitents to. ‘producetwo. phase-

~guadrature displaced -voltages ‘one’ of 'which . is-
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equal to the vector sum and the other of which is
equal to the vector difference of the voltages of
the currents at said audio frequency, and utiliz-
ing said two phase displaced voltages to vary the

§ tuning of said tuned circuit in that direction
which will maintain said desired phase relation.
3. In a system having an electron discharge
device .and grid input -and plate output tuned
circuits tuned to the same. frequency; an arrange-
ment for automatically maintaining g desired
‘phase relation between the input and output volt-
ages of said electron discharge device, comprising
“means-for'separately beating energy derived from
-said tuned eircuits down to currents of the same
-audio frequency, an audio amplifier for amplify-
ing each of said-audio frequency currents, and
means including a pair of audio transformers in
“the ‘cutput circuits of said amplifiers for obtain-
ing two phase displaced voltages one of which is
equal to the vector sum and the other of which
‘is-equal “to ‘the ‘vector -difference of the-veltages
‘applied to-said sudio: -amplifiers,;‘a’two-phase-re-
“versible ‘motor ‘céupled ‘to said transformers, :and
" niechanieal link between ‘the ratatdble slement
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:¢5 ~Of ‘sald moter ‘and-a-variable reactance dnene of

*said tuned-circuits for varying the: {tuning: of said
‘one -tuned ‘circuit in- ‘that -diredtion whidh w111
‘maintain-said desired phase ‘relation.

4. In ‘a-radio:transmitter having-a.power:am-

30 ‘blifier;-grid-input and plate output tuned. sircuits
“therefore, and aload:coupled to said output tuned
‘circuit,-an-arrangement.for maintaining theiout-

-put timed ‘circuit -at-its ‘resonance frequency de-

-spite changes-in-leading: ‘eomprising :connections
35 ‘exteénding-directly'from-said:input-and output cir-
“cuits-to‘separate freqiiency:converters, means for
“supplying-said-converters with:stable ‘oscillations
‘to ‘produce -in ithe:- -output :ciretiits ‘of said :con-
-verters-currents.of the<same fbutiof:a lower fre-
40 quency than-these in said: tuned ;circuits, nreans
~for -combining ewrrents:derived from:said lower
- freqUiiency to ‘pfoduce itwo:phase -displaced :volt-
-ages‘one-of which is:equal to:thewector sum and
the-other-of which is-equal to:the wvector :differ-
45-ence of -the voltages'ofssaid clwrrents; and an elec-
tromechanical device .xesponsive o isaid :phase
~displaced voltagesifor ivarying:the tuning :of .said
~amplifier ‘output tuned weircuit in ‘that direction
-which willkmairntain it:in'resonance. .

‘5. In ‘a:radio transmitter “having a: stable: 05011-
lator-furnishing i energysto a-power: ampliﬁer, ;ine-
~put-and-output furied dircuits for ssaid -amplifier,
«8ilead-includingianvantennacoupled:to-said:out-
‘putituned wcireuit,:ah: arrangement for maintain-
‘ing-the output tuned-circuit at:its resonance:fre-
-quency -despite charges.in :loading -comprising
~eolnections ‘extending directly . from :said -input
-and-oubput - citcuits -‘to-separate ; frequency con-
‘verters,‘means: forssupplying:said converters with
:oscillations cderived-from-said: oscillator -for :pro-
“duecing:in the-output -circuits of-said:converters

‘eurrents :of the same but:of-a -lower- frequency
~than:those:in said tuned circuits; additional-con-
~verters. for: separatelysmixing-the currents of-said

lower frequency with additional- csc1lla,t10ns of
~&-stable ;frequency to ;produce .two ; eurrents of
-the:sameraudio frequency,-a.phase-shifter for one
-of -said -last -two-currents -for - compensating. for

any undesired difference +in ;phase -between ‘the
70-voltages:derived from-said-input and output tuned
-eircuits,-and-means-including-an electromecham-
-¢al device:responsive-to-a - change in the_phase
‘hetween -said -1ast -two - currents for .varying ‘the
-tuning of -said output tined. clrcmt in that diréc-
“tionwhich- w111 mamtam -it.in. resonance.
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6. In & radio transmitter having a stable oscil-
lator furnishing energy to a power amplifier, in-
put and output tuned circuits for said amplifier,
a load including an antenna coupled to said out-
put tuned circuit, an arrangement for maintain-
ing the output tuned circuit at its resonance fre-
‘quency despite changes in loading comprising
connections extending directly from said. input
and output circuits to separate -frequency con-
verters, means for supplying said converters with
oscillations derived from said oscillator for pro-
ducing in the output circuits of said converters
currents of the same but of a lower frequency
than those in said tuned circuits, additional con-
verters for separately mixing the currents of said
lower frequency with additional oscillations of
a stable frequency to produce two currents of the
same audio frequency, a phase shifter for one of
said last two currents, means for combining the
audio frequency currents to produce two phase
displaced voltages in quadrature one of which is
equal to the vector sum and the other of which is
equal to the vector difference of the voltages of
said audio currents, and an electromechanical
device responsive to said phase displaced volt-
ages for varying the tuning of said amplifier out-
put tuned circuit in that direction which will
maintain it in resonance. '

7. A system in accordance with claim 5, includ~
ing g frequency multiplier for said transmitter
and a frequency multiplier between said -stable
oscillator and said first converters.

8. The combination with an electron discharge
device having grid input and plate output tuned
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circuits tuned to the same frequency, of an ar-

‘rangement for automatically maintaining a de-

sired phase relation between the input and out-
put voltages of said device, comprising means for
comparing voltages representative of said input.
and output voltages and for obtaining two phase
displaced voltages one of which is equal to the
vector sum and the other of which is equal to the
vector difference of said representative voltages,
a two-phase reversible motor responsive to said
two phase displaced voltages, and a mechanical
link between the rotatable element of said motor
and a variable reactance in one of said tuned
circuits for varying the tuning of said one tuned

cireuit in that direction which will maintain said

desired phase relation.

9. The combination with a vacuum tube ampli-
fier having input and output tuned circuits, one
of which is tunable over a range of frequencies,
of an arrangement for automatically maintain-
ing a 180° phase relation between the input and
output voltages of said vacuum tube amplifier, -
comprising a reversible motor having its rotatable
armature linked to said ene tuned circuit for tun-
ing the same in such direction as to restore said
180° phase relation, a pair of field coils for said
motor, and means for comparing voltages repre-
sentative of said input and output voltages and

~for applying the resultants to said field coils to

30

produce rotation of said motor whenever there
is a departure of said voltages from the 180° re-
lation.

HALLAN E. GOLDSTINE.




