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TRANSMITTER AND/OR RECEIVER
CIRCUITS

Edward L. Ginzton, Wantaugh, N. Y., assignor to
The Sperry Corporation, a corporation of Dela-

ware

Application May 19, 1942, Serial No. 443,604
(CL 250—17)

24 Claims.
1

This invention relates, generally, to transmit-
ter and/or receiver circuits wherein means are
provided for maintaining oscillators or amplifiers
either at a fixed operating frequency or at an
operating frequency determined by a master unit
or by an incoming signal.

In the operation of transmitters and receivers,
and specifically ultra high frequency transmit-
ters and receivers, it is highly desirable that the
transmitters be operated at as nearly fixed fre-
quency as possible and that maximum output
be maintained regardless of disturbing influences,
such as changes in operating parameters, and
that receivers be compelled to follow as closely
as possible variations in the frequency of the in-
coming signal while operating at a maximum
cutput. While the invention is disclosed in con-
nection with ultra high frequency transmitter
and receiver circuits it is understood that the
same is not limited thereto but can be applied
to other apparatus with equal facility, i. e., wher-
ever tracking is desired or where maximum out-
rut is desired.

One object of the present invention is to pro-
vide means for causing the power amplifier of
a transmitter to exactly track the oscillator used
in conjunction therewith.

Another object of the present invention is to
provide a maximizing device adapted for main-
taining equipment at maximum output such, for
example, as maintaining an oscillator at maxi-
mum output by use of memory circuits so de-
signed that the system will search out the proper
position of the control means to obtain a maxi-
mum output.

QOther objects and advantages will become ap-
parent from the specification, taken in connection
with the accompanying drawings wherein the
invention is embodied in concrete form.

In the drawings,

Fig, 1 is a schematic wiring diagram of a pre-
ferred embodiment of the invention applied to
a transmitter power amplifier provided with
memory circuits operating to maintain it at maxi-
mum ocutput.

Fig. 2 is a schematic wiring diagram of an-
other embodiment of the invention similar to
Fig. 1.

Fig. 3 is a schematic wiring diagram of a fur-
ther embodiment of the invention wherein the

10

15

20

25

30

35

40

45

50

2
principles shown in Figs. 1 and 2 are applied to
a receiver.

Similar characters of reference are used in all
of the above figures to indicate corresponding
parts.

Referring now to Fig. 1, the reference numeral
| designates an cscillator iliustrated as a low
power source, preferably of the type disclosed
in Patent No. 2,242,275, issued May 20, 1941, in
the name of R. H. Varian, for Electrical trans-
lating system and method. The oscillator | may
be used by itself or may be used as the upper
end of a stabilized frequency multiplication chain
such as a crystal controlled chain. Energy is
supplied from the output or catcher resonator cf
source { through a concentric line 8 toc the
buncher resonator § of an amplifier 4 of the typs
disclosed in the above mentioned patent. FEnergy
from the power amplifier 4 is supplied {rom
catcher resonator & thereof through concentric
line T and radiated as from a dipole antennsz
1’ attached thereto.

A maximum finding device useful for keep-
ing apparatus at its maximum outpub is slso
shown in Fig. 1. In this figure the device is
shown applied for keeping the catcher resonztor
6 of the power amplifier 4 tuned to maximum oui-
put through concentric line ¥ to the antenns
1. The buncher resonator % is shown
with ultra high frequency energy supilis
a concentric line 3§ connected ther
said line being fed from low power os
A concentric transmission line %8¢ coupied io
catcher resonator § supplies a smaill amsunt of
energy to a detector 282 of any suitable type,
such as a crystal rectifier, the detected output
of which appears as a voltage across its lead
resistor 301 and is fed into two time counstant
circuits 2064 and 285, which circuits are respec-
tively moderate or short- and zero-time-constant
circuits. These circuits comprise tricde tubes 201
and 208, respectively, whose grids are connected
to the grounded (negative) terminal of resistor
301 and are thereby controlled from the output
of detector 202. 'The tube 287 of the short-time-
constant circuit 2084 has a plate circuit includg-
ing plate battery 277 and a resistance 211 which
is bridged by a condenser 2!4 which is of mod-
erate size so as to give this circuit a short-time-
constant of preferably around one second or less.
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substantially =zerco-time-constant
35 has a plate battery 278 in series with
te 1ce 242 in its plate circuil, which resist-
ance “l" is bridged by a very small condenser 2{5
which gives this tube a very short or substan-
tially zerc time-constant, so that the current in
this tube instantly responds to changes in its
grid voltage. The cathode-biasing resistors of
tubes 28Y and 228 and their batteries 277 and
“8 are Sclered no cause tubeg 287 and 208 nor-

are e ‘1 ycd ”'.‘he cucum 221 consists of the
tubes 287 and 227 whose plates are respec-
tively connected through respective opposed field
windings 31 and 2!’ of tuning motor 32 to a
commeoen plate battery 382 and thereby to their
joined cathodes. The rotor of this motor 32 is
connected to drive the shaft 234 carrying pinion
%87 which operates rack 248 of a tuning plunger
238 wh.r.ch varies the resonant frequency of
resonator 8. Motor 32 is of the type which is
atatlo’nry when equal currents flow through its
field windings 3{, 3{’, and which rotates in cne
direction or the other according as the current
in winding ¥! exceeds or is less than that in
winding %i’. The direction of rotation of motor
22 may also be reversed by reversing the polarity
of the voltage applied to its armature.

The joined cathodes of tubes 227 and 227’ are
cennected to ground through a common cathode-
biasing 1es1stor 228. The grids of these tubes are
connected to ground through respective input
vesistors 228 and 228’. The grid of tube 227
connected to the positive terminal of battery

§16, whoge other terminal is grounded. The grid
of tube 227’ is connected to the negative terminal
of g battery 218 whose positive terminal is con-
nected to the plate of zero-time-constant tube
238. The voltage of battery 218 is selected to
cppose and tc be substantially equal to the volt-
age between the plate of tube 208 and ground,
when no voltage appears across detector load
resistor 3%{; that is, when no oscillations exist
in resonator 8, due to ils resonant freguency
being widely different from the frequency of the
input from source f{. Hence, under this condi-
ticn, no voltage appears across resistor 2237,

In the sbsence of potentials applied to the
grids of these tubes 227, 227/, equal currents are
supplied to the two windings 81, 3!’ of motor 32,
50 this motor is stationary. If desired, tubes
227, 227’ may e adjusted just to cut-off so that

current will be supplied to either winding
é or 8% for zero grid voltages. Battery 3(§
serves to impress a voltage across resistor 222
making the potential on the grid of tube 227
mere positive and causing tube 227 to pass more
current and thereby drive motor 32 to actuate
the tuning pxu*xger 2488 in a certain direction.
This plunger 248 continues its motion until the
end of travel thereof whereupon a trip lever 22§
actuates & reversing switch 24{ which reverses
motor 32 so that this motor drives the plunger
248 -In the reverse direction. In this way, the
resonant frequency of resonator 6 is periodically
varied or scanned acress a frequency range until
it coincides with the freqguency of the energy
supplied to input line 3.

Assuming that during the travel of the plunger
Ei: the amplifier & becomes tuned to the in-
ming signal from sourcs i, a negative poten-
1 derived from detector 42 is applied to the
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passed by tube 288, and making its plate more
positive. This action is substantially instan-
taneous, since the time constant of resistor 2i2
and condenser 245 is almost zero. This action at
once makes the grid of tube 227’ more positive,
and so that tube 287 passes more current to
winding 3i’, which bucks winding 3! and hence
reduces the speed of motor 32.

Preferably, the voltage of battery 316 is selected
to bhe substantially equal to the maximum volt-
age produced across resistor 223° when resonator
8§ is excited to maximum amplitude of osciilation;
that is, when resonator § is tuned to resonance
with the input supplied by line 8. This way,
motor 32 will stop upon reaching proper tuning
of resonator §, since then the voltage across re-
sistor 223" will be equal to the voltage of bat-
tery 346, producing equal excitation of wind-
ings 31, §{’, which then neutralize one ancther
to stop motor 32. If this condition of eguality
cannot be obtained, the bhatiery voltage is selected
to be as large as the maximum voltage across
resistor 223" which is expected to occur during
operation. Then motor 32 will run at least until
the proper tuned condition is reached, although
it may tend to run past this position. It is de
sirable that the battery voltage be not smqher
than the resistor 223’ voltage, since otherwise
the motor will stop before true resonance is at-
tained.

The second combining circuit 222 has two
tubes 228, 228’ with a common grounded cathode
biasing resistor 228, The grids of these tubes
are connected to ground through respective in-
put resistors 224, 224’, and are also connected
respectively to the plates of tubes 287 and 288
through respective batteries 2i7 and 2{8, which
oppose plate batteries 277 and 278. The voitages
of batteries 247 and 218 preferably are substan-
tially equal respectively to the voltages of bat-
teries 277, 278 less the respective volt drops in
resistors 214, 212 due to normal current therein
(for zero grid voltage of tubes 287, 288), so that
normally zero voltage is impressed across input
resistors 224,224",

A relay 233 has two opposed coils 229, 228’
connected respectively in the plate circuits of
tubes 228, 228’. 'The armature 22{ of relay 232
is normally in the position shown, and connects
battery 232 to the armature of motor 32, by way
of leads 230 and through reversing switch 241,
If the output current of tube 228 is greater than
that of tube 228’, the action of coil 228 overcomes
that of coil 229’, and the relay armature 234
is kept pulled toward coil 229, as shown, to place
the battery 232 across the leads 239 in one sense.
If the current through coil 228’ is greater than
that in coil 229, the battery 232 is placed across
leads 2308 in the opposite sense, and motor 32
will run in the opposite direction. Thus, the
direction in which motor 32 operates is deter-
mined by whether the potential of the grid of
tube 228 is greater than that of tube 228 or
vice versa.

In operation, assuming that amplifier 4 is oper-
ating far from its resonant frequency, the action
of battery 8i8, circuit 221 and reversing switch
241 scans the operating frequency range until
resonator & is tuned to a frequency near that of

source i, Then a voltage appears across resistor
381, and the current in both tubes 288 and 287
decreases.. The current in tube 208 decreases

faster than that in tube 287, due to the difference
in the time constants of the plate circuits of those
tubes. Thus, the potentials of the grids of tubes
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228 and 228’ both become more positive, but that
of tube 228 changes positively more quickly.
The current in relay coil 229 therefore remains
greater than that in coil 229’, and relay arma-
ture 231 remains in the position shown. Motor
32 therefore continues to tune resonator § to-
ward resonance with the input wave.

8o long as exact resonance is approached, the
voltage across resistor 38{ continues to increase,
and the current in coil 229 continues to exceed
that in coil 229’. However, when the resonant
condition is passed, the amplitude of oscillation
of resonator § (and hence the voltage across re-
sistor 38!) decreases, instantaneously increas-
ing the current in tube 208. The potential of
the grid of tube 228 thus becomes more negative,
decreasing the current in coil 228. The current
in coil 228’, however, does not change at once,
due to the time constant of resistor 2{{ and
condenser 214. Therefore, coil 229’ attracts ar-
mature 23{ and reverses motor 32, which then
again returns resonator 8 to be resonant with
the incoming wave from source {. The resonant
frequency of resonator 6 thus is caused to hover
about the frequency of the input signal.

For the above operation to be maintained, it
is necessary, of course, thaf the voltage of bat-
tery 818 be equal to or greater than the largest
voltage produced across resistor 223’ by virtue
of the variation in voltage across resistor 391i.
It is desirable that battery 3!6 be egqual to the
voltage across resistor 223’ when resonator § has
its maximum amplitude of oscillation, since
then, when the rescnator is exactly tuned to the
incoming signal supplied through line 3, the out-
put of the zero time constant circuit 285 as sup-
plied across resistor 228’ exactly opposes the
voliage of battery 318 as applied to resistor 223,
so that the net field of motor 32 is zero, and hence
this motor does nect operate in either direction
and resonater § is kept at resonance.

Now if it be assumed that, for some reason,
amplifier 4 starts to operate at one side of its
input freqguency, then the output of tube 268
will at once fall off, Since the output of bat-
tery 316 is fixed, a differential field will be pro-
duced for motor 82 and this motor will start to
operate to move plunger 248 in one direction.
However, so far the dirvection of rotation of motor
32 has not been determined, and it merely oper-
ates in one direction or the other. If the rotation
is in the correct direction, so that the resulting
tuning brings the peak of the resonance curve
of the amplifier back to the input freauency,
then the difference between the outputs of chan-
nels 285 and 284 will be of positive polarity, in-
dicating that the magnitude of oscillation in the
smplifier 4 is building up, and the motor will
continue to rofate in the same direction, since
relay 28! will remain in its position shown in
Fig. 1. The rotation continues until the out-
put of amplifier 4 is a maximum, at which time
the rotation will automatically stop since the
volt-drops across 223 and 223’ will then be equal.
If the motor 32 actually started turning in the
wrong direction, then the difference between the
outputs of channels 285 and 204 will be nega-
tive, and this would reverse the direction of ro-
tation of motor 32 due to the tripping of relay

31,

It will thus be seen that this device of Fig.
1 in a sense simulates manual tuning. In tun-
ing any device to the maximum setting, one first
cbserves what the output of the device should
be, as provided here by battery 316. Then one
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6

arbitrarily moves the tuning knob and finds out
whether or not the result is an improvement in
the output, corresponding to the action of chan-
nels 204 and 285, which indicate whether the
motor is turning in the proper sense.

An approximation to having the voltage of
battery 246 equal to the voltage produced across
resistor 223’ at maximum oscillation of resonator
6, can be cbtained by use of a long (substantially
infinite) time constant circuit 283, shown in
Fig. 2, in place of battery 3186.

Circuit 283 is similar to circuits 284, 285, hav-
ing a tube 286 with a long time constant circuit
in its plate circuit, formed by resistors 208 and
condensers 2i3. The grid of tube 206 is also
connected to resistor 38{. Suppose amplifier 4
is properly tuned. Circuit 293 then effectively
“remembers” what the condition of amplifier 4
is, so that, should any deviation from the desired
condition occur, circuits 284 and 265 will re-
store amplifier 4 to its previous condition as de-
termined by circuit 283.

Thus, instead of an infinite time constant de-
termining the operation of motor 32, i. e., that
brovided by battery 3!6, a somewhat shorter
time constant is now substituted, namely that
provided by circuit 283. It will be noted that
channel 203 in operation effectively remembers
what the output of detector 222 was when res-
onator 6 was perfectly tuned, channel 205
tells the motor 32 whether or not the detector
output is more or less than it was a shoert time
ago, and channel 284 determines whether or not
the motor is turning in the right direction. That
is, circuit 205 will cause motor 32 to retune am-
plifier 4 until balanced by circuit 283, the direc-
tion of rotation of motor 82 being determined
by circuits 284 and 288 as before.

Fig. 1 is desirable when the apparatus is just
starting up, for at that time the resonator §
is completely detuned, the battery 3i§ then
serving as g reference to determine what is ex-
pected of the amplifier 4. However, after ac-
curate tuning is once effected, Fig. 2 is desirable,
s0 that the long time constant circuit 203 will
determine the voltage across resistor 223 and
control the operation. It will be obvious that
a simple switch, such as switch 317 of Fig. 2,
may be used to transfer from the Fig. 1 system
to the Fig, 2 system, after accurate tuning is
accomplished by the Fig. 1 device.

If desired, two separate systems of the type
of Fig. 1 or 2 may be used to separately tune
resonators § and 6 or one such system may be
calised to alternately tune these resonators by
use of a commutator. The latter arrangement
is illustrated in Fig. 3. In this figure the output
of an entire receiver system is used to achieve
proper tuning of the resonater rather than using
the output of a crystal to maximize the output
of the resonators, as in Figs. 1 and 2. In Fig.
3, the system of Fig. 2 is employed to maximize
the output of a detector in the utilization chan-
nel of an ultra-high-frequency receiver of the
superheterodyne type, The buncher resonator
243 of amplifier-detector 242 of Fig. 3 is shown
receiving signal energy through line 245. En-
ergy from a local oscillator is fed into the catcher
resonator 244 by way of line 244’. The output
from detecting-plate 248 is then an intermediate
frequency wave modulated by the intelligence
frequencies. This intermediate frequency wave
is applied directly to the intermediate frequency
amplifier 245, thence to detector 25f and audio
amplifier 255, and thereby to the utilization de-
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vice such as ear phones 254. The detected
direct-current component of the output of de-
tector 25¢ is applied as before to three channels,
namely an infinite-large-time-constant -circuit
26%’, a short-time-constant circuit 264’ and a
zerc-time-constant circuit 285’. The cutputs of
these channels are applied as in Fig, 2 to sum
circuits 221/, 222’. The output of sum circuit
22§’, as before, may be applied directly to the
field coils of a direct-current motor for retun-
ing hoth resonators 243, 244 if desired, or for
tuning the single resonator 244 as illustrated.
The output of sum circuit 222’ may be applied
through reversing relay 233’ to the armature of
the same motor. In Fig. 3 the ocutputs of the
two sum circuits 221’, 222’ are shown commutated
by half-conductor, half-insulator commutators
283, 283’ cooperating with relays 287, 287" and
swmcheb 258, 258’. The commutators 263, 283’
are shown cou-tmuously driven by a motor 264,
Thus, in cperation the outputs of sum circuits
217, 222’ are used alternately for controlling
tuning motors 278, 218’, each tuning operation
being of o sufficient length of time to effect the
required tuning. Obviously, by using additional
commutators more than two tuning controls may
be operated.

Although Figs. 1 tc 3 have been shown as il-
lustrated in connection with maximizing the
output of a high frequency tube, these circuits
are equally applicable for maximizing the output
of any device where a voltage signal can be pro-
duced responsive to the cutput of the device and
having a control member adapted to be driven
by a motor and for adjusting the output of the
device,

As many changes could pe made in the above
construction and many apparently widely differ-
ent embodiments of this invention could be made
without departing from the scope thereof, it is
intended that all matter contained in the above
deseription or shown in the accompanying draw-
ings shall be interpreted as illustrative and not
in & limiting sense.

What is claimed is:

1. In apparatus of the character described,
means for producing energy, and means for con-
troliing said energy-producing means to main-
tain the latter at maxirnum output, said control-
ling means including means for supplying a po-
tential responsive to the magnitude of the out-
put of said energy producing meauns, & plurality
of time-constant circuits connected for receiving
said potential, the time constants of said circuifs
being different from one another, sum circuits
supplied from said time-constant circulis, motive
means connected for controlling the output of
said energy producing means, said motive means
being connected to be controlled from said sum
circuits.

%. Appsratus as defined in claim 1 wherein said
motive means comprises a plurality of separate
motive devices, and wherein commutating devices
are include d in the connection between said mo-
tive devices and sald sum circulls for effecting
aiternate O_JS atfion of said motive devices.

3. In apnaratus of the character described, a
tunable uevwe, a long-time-constant circuii, a
short-time-constant circuit and a zero-time-con-
stant circuit coupled to said device, a pair of
sum circuits, the first of said sum circuits being
connected to said long-time-constant and to said
rero-time-constant circuit, and the second of
said sum circuits being connected to said zero-
time-constant circuit and to said short-time-con-
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stant circuit, motive means for tuning said de-
vice, said first sum circuit being connected for
starting and stopping said motive mesans, and
said second sum circuit being connected for de-
termining the direction of operation of said mo-
tive means.

4, In apparatus for maintaining maximum out-
put amplitude from a device producing a po~
tential responsive to said output amplitude, means
controlling said device to vary the output ampli-
tude thereof, and a plurality of control circuits
responsive to said amplitude having different
time constants and connected jointly to control
jointly said controlling means, said circuits being
responsive to said potential.

5. In the apparatus defined in claim 4, said
controlling means comprising a motor, means
connecting certain of said control circuits to said
motor for effecting reversible actuation of said
moetor, and means conneciing certain of said con-
trol circuits to said motor for selecting the proper
direction of actuation of said motor.

6. In apparatus for automatically controlling
the frequency of a varigble frequency devicz, the
combination comprising means for tuning said
device including motor nieans, a plurality of con-
trol circuits having different time constants con-
nected to the output of said device, means con-
necting certain of said conirol circuits to said
motor means for effecting reversible actuation of
said motor means, and means connecting certain
of said conirol circuits to said motor means for
selecting the proper actuation of said motor
means.

7. In apparatus for automatically controiling
the frequcney of a variable frequency device, a
detector connected to the output of said device,
tuning means for said device, reversible motor
means coupled to said tuning means, control cir-
cuits connectzd to the output of said detector for
ac;uat"ng the raotor means, one of said control

ircuits serving to effectively remember the out-
put of said detector when the device is properly
tuned, another of said control circuits serving to
effectively detect deviations of said detector out-
put, and another of said control circuits for de-
termining the direction of actuation of said
moetor means, and means connecting said control
circuits to said motor means.

3. Apparatus for automatically controlling the
frequency of a variable frequency device, a plural-
ity of individual tuning means and motors for
each tuning means, a plurality of control circuits
having different time constants, integrating
circuits connected to said countrol circuits, and
commutator means alfernately connecting said
integrating circuits for controiling the respective
motors.

9. In apparatus for controlling a variable fre-
guency high frequency device, reversible motor-
driven means for tuning said device, a plurality
of control circuits having different time con-
stants connected with the output of ssid device,
three of said control circuits being substantially

of Zero, velatively small and large time-constants
respeciive ‘J means including an integrating cir-
cuit co nne g said large and zero-time-constant
control Lhts to said reversible inotor-driven

relay circuit including a reversing switch
connected to said motor-driven means, and a
second integmting circuit connecting said small-
and zero-time-constant circuits to said relay cir-
cuit to determine the proper dirsction of rotation
of the motor-driven mesns.
10. The apparatus defined in claim 8, wherein

means,
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said motor-driven means includes a plurality of
tuning means for said device and a reversible
motor for each tuning means, switching means
for alternately connecting said first integrating
circuit to said motors, a second switching means
for alternately connecting said relay circuit to
said motors, and commutator means controlling
actuation of said switching means.

11, Apparatus for tuning a resonant circuit
to resonance with an applied frequency, com-
prising means for tuning said circuit, means
responsive to change in the amplitude of oscilla-
tion of said circuit for actuating said tuning
means, and means responsive to the sense of said
change in cscillation amplitude for controlling
the direction of actuation of said tuning means.

12. Apparatus as in claim 11, wherein said
actuating means comprises a long-time-constant
circuit and a zero-time-constant circuit both re-
sponsive to said oscillation amplitude, and means
differentially responsive to said time-constant
circuits for actuating said tuning means.

13. Apparatus as in claim 11, wherein said
sense-responsive means comprises a short-time-
constant circuit and a substantially zero-time-
constant circuit both energized by said oscilla-
tion amplitude, and means differentially respon-
sive to said time-constant circuits for controlling
the direction of actuation of said tuning means,

14, Apparatus for maximizing the output am-
plitude of a variable output device, comprising
means responsive to a change in output ampli-
tude of said device for adjusting said output
amplitude in an arbitrary direction, and separate
means responsive to the sense of said arbitrary
adjustment for controlling said adjusting means
to increase said output amplitude.

15, Apparatus as in claim 14, wherein said
sense-responsive means comprises means for
comparing the instantaneous output of said de-
vice with its output at a prior time and means
for controlling said adjusting means in response
to the polarity of the difference between said out-
put values.

16. High frequency apparatus, comprising a
mixer-detector having a pair of tuned circuits,
means for supplying an input wave to be de-
modulated to one of said circuits, means for sup-
plying a local osecillator wave to the other of said
cireuits, means for deriving an intermediate fre-
quency wave from said mixer-detector, means
for detecting said intermediate frequency wave,
and means responsive to the output of said de-
tecting means for confrolling the tuning of said
circuits into resonance with said input wave and
said local oscillator wave, said last-named means
comprising independent tuning means for said
circuits and commuiator means for actuating
said tuning means alternately and successively
in response to said detecting means output.

17. Apparatus as in claim 16, wherein said
tuning controlling means comprises means re-
sponsive to a change in amplitude of said detect-
ing means output for initiating operation of said
tuning means, and means responsive to the sense
of said amplitude change for controlling the
direction of operation of said tuning means.

18. High frequency apparatus, comprising
mixer means having a tuned circuit, means for
supplying a received wave and a local oscillator
wave to said mixer means, means for deriving
an intermediate frequency wave from said mixer
means, and means responsive to said interme-
diate frequency wave for controlling the tuning
of said mixer, said tuning control means compris-
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ing means for tuning said mixer, means TespOon-
sive to a change in the amplitude of said inter-
mediate frequency wave for initiating operation
of said tuning means, and means separately re-
sponsive to the sense of said amplitude change for
contreliing the direction of coperation of ssid
tuning means.

19. High frequency power amplifier apnaraius
for amplifying a wave of predetermined fre-
quency, comprising amplifying means having a
tuned - circuit, means for tuning said circuit,
means responsive to a change in the amplitude
of oscillation of said circuit for actuating said
tuning means, and means responsive to the sense
of said oscillation amplitude change for control-
lng the direction of actuation of said tuning
means to retune said circuit into resonance with
the frequency of said wave.

20. High frequency superheterodyne receiver
apparatus, comprising an electron discharge de-
vice having a pair of cavity resonators tunsd re-
spectively to the received wave ang the local oscil-
lator frequency, and having means for projech-
ing an electron beam successively through said
resonators and for detecting variations in the ve-
locity of said electrons, means for supplying g re-
ceived wave to the resonator tuned thereto, means
for supplying a local oscillator wave to tha other
of said resonators, means connected ts said
detecting means for deriving an intermediate fre-
quency wave, aind means for automatically main-
taining said resonators tuned to said waves, said
last means including inmeans responsive to a
change in amplitude of said intermediate fre~
quency wave Ior tuning said resonators, and
means responsive to the sense of said amplitude
variation for controlling the direction of opera-
tion of said tuning means.

21. Ultra high frequency apparatus, compris-
ing a source of received signal, a scurce of local
oscillator frequency, a mixing device comprising
a pair of spaced hollow resonators and means for
passing an electron beam successively through
said resonators, means for coupling each gne of
said sources to a different resonator, and detector
means in the path of said beam beyond said
resonators for producing an intermediate fre-
quency irom said device.

22. In apparatus for automatically maintain-
ing maximum power cutput from a variable fre-
quency device having its power output dependent
upon its frequency, the combination comprising
means for tuning said device, means for obtain-
ing g signal corresponding to the amplitude of said
power output, a plurality of control circuits hav-
ing different time constants connected to said
last-named means and all responsive to said sig-
nal, and means connecting all said control cir-
cuits to said tuning means to actuate said tuning
means to maintain said device at optimum fre-
quency for obtaining maximum power output
therefrom.

23. Automatic control apparatus comprising a
variable output device, means for adjusting the
output of said device, means for deriving a signal
corresponding to said outpuf, means controlled
jointly by said first signal and by a fixed signal
for starting and stopping said adjusting means,
and means controlled jointly by said first signal
and 3 delayed version of said first signal for deter-
mining the direction of operation of said adjust-
ing means.

24, Automatic control apparatus comprising a
variable output device, means for adjusting the
output of said device, means for deriving a first
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signal corresponding substantially instantaneous-
1y to said output, means for deriving a second
signal corresponding to recently past values of
said output, means for deriving a third signal cor-
responding to a desired condition of said output,
means responsive to said first and third signals
for actuating said adjusting means, and means
responsive to said first and second signals for
determining the direction of operation of said
adjusting means.

EDWARD L, GINZTON.
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