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UNITED STATES PATENT OFFICE 
2,462,856 

TRANSMITTER AND/OR RECEIVER 
CIRCUITS 

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

Application May 19, 1942, Serial No. 443,604 
(C. 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 
output. While the invention is disclosed in con 
nection with ultra high frequency transfinitter 
and receive 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 
put 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. 
Other 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 dra Wings, 
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 Output. 

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 
the embodiment of the invention. Wherein the 
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2 
principles shown in Figs. 1 and 2 are applied to 
a receWe'. 

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 oscillator 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. Warian, 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 3 to the 
buncher resonator 5 of an amplifier 4 of the type 
disclosed in the above mentioned patent. Energy 
from the power amplifier is is supplied from 
catcher resonator 6 thereof through concentric 
line T and radiated as from a dipole antenna. 

attached thereto. 
A maximum finding device useful for keep 

ing apparatus at its maxinum output is also 
shown in Fig. 1. In this figure tile device is 
shown applied for keeping the catcher lesonatol 
6 of the power' amplifier is tuned to maxinus out 
put through concentic line to the antenna, 
7. The buncher resonator 5 is shown excites: 
With ultra high frequency energy Sup 
a Concentric line 3 connected ther 
Said line being fed from low power os 
A concentric transmission line 23; coupied to 
catcher resonator S Supplies a Sinai annount of 
energy to a detector 262 of any suitable type, 
Such as a crystal rectifier, the detected output, 
of which appears as a voltage across its load 
resistor 30 and is fed into two tire constant, 
circuits 204 and 293, which circuits are respec 
tively moderate or short- and zero-time-constant 
circuits. These circuits complise tricde tubas 207 
and 208, respectively, whose grids are connected 
to the grounded (negative) terminal of resistor 
30 and are thereby controlled from the output 
of detector 202. The tube 2 of the short-time 
constant circuit 204 has a plate circuit, includ 
ing plate battery 277 and a resistance 2 which 
is bridged by a condenser 24 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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Tube 28 of Substantially zero-time-constant 
circuit, 225 has a plate battery 228 in series with 
a resistance 22 in its plate circuit, which resist 
ance : 2 is bridged by a very small condenser 25 
which gives this tube a very short or substan 
tially zero time-constant, so that the current in 
this tube instantly responds to changes in its 
grid voltage. The cathode-biasing iesistCrs of 
tubes 28 and 258 and their batteries 2 and 
2: 3 are selected to cause tubes 282 and 28 nor 
inally to pass current, and to make the potein 
tials of their plates normally equai. 
Two surn or combining circuits 22 and 222 

a;)'e engioyed. She circuit 22 consists of the 
two tubes 322 and 22' whose plates are respec 
tively connected through respective opposed field 
windings 3 and 3' of tuning motor 32 to a 
connon plate battery 333 and thereby to their 
joined cathodes. The rotor of this motor 32 is 
connected to drive the shaft 234 carrying pinion 
23, which operates rack 246 of a tuning plunger 
333 which varies the lesonant frequency of 
i'esonato; 6. Motor 32 is of the type which is 
Stationary When equal currents flow through its 
fied Wingigs 3, 3 '', and which rotates in one 
direction or the other according as the current 
ii. Winding 3 exceeds o' is less than that in 
widing 3i. The direction of rotation of motor 
32 may also be reversed by reversing the polarity 
of the voltage applied to its arimature. 

the joined cathodes of tubes 22. and 22f" are 
cCinected to gircuid through a common Cathode 
siasing resistor 225. The grids of these tubes are 
connected to ground through respective input 
lesistors 223 and 223. The grid of tube 22 is 
coniected to the positive terminal Of battery 
3:6, whose other terminal is grounded. The grid 
of Elbe 22' is connected to the negative terminal 
Gf a battery Whose positive terminal is con 
i.ected to the plate of Zero-time-constant tube 
233. The voltage of battery 2 S is selected to 
Gppose and to be substantially equal to the Volt 
age between the plate of tube 28 and ground, 
When no voltage appears acroSS detector load 
resistor 35 ; that is, when no oscillations exist 
in resonator 6, due to its resonant frequency 
being widely different from the firequency of the 
input from source . Hence, under this condi 
tion, no Voltage appears across resistor 223. 

in the absence of potentials applied to the 
gigs of these tubes 22, 227, equal currents are 
Supplied to the two windings 34, 3 of motor 32, 
So this motor is stationary. If desired, tubes 
:27, 22' inay be adjusted just to cut-off so that 
no current will be supplied to either winding 
3 or 3' for zero grid voltages. Battery 3 6 
serves to in press a voltage across resistor 223 
raakiing the potential on the grid of tube 22 
licle positive and causing tube 227 to pass more 
current and thereby drive motor 32 to actuate 
the turning piuinger 23 in a certain direction. 
This plunger 24 continues its motion until the 
end of travel thereof whereupon a trip lever 239 
actuates a reversing Switch 24 which reverses 
notor 32 so that this notor drives the plunger 
$5 in the reverse direction. In this way, the 

resonant frequency of resonator 6 is periodically 
Varied or scarried across a frequency range until 
it, coincides With the frequency of the energy 
supplied to input line 3. 
ASString that during the travel of the plunger 

2é5 the amplifier & becomes tuned to the in 
(C2ing signal fron source i, a negative poten 
tial derived from detector 232 is applied to the 
grid of tube 288, thereby decreasing the current 75 tubes. 
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4. 
passed by tube 28, and making its plate more 
positive. This action is substantially instan 
taneous, since the time constant of resistor 22 
and condenser 25 is almost zero. This action at 
once makes the grid of tube 22 more positive, 
and so that tube 22' passes more current to 
winding 3i', which bucks winding 3 and hence 
reduces the speed of motor 32. 

Preferably, the voltage of battery 3 6 is selected 
to be substantially equal to the maximum volt 
age produced across resistor 223 when resonator 
S is excited to maximurn amplitude of osciliation; 
that is, When resonator S is tuned to reSOrnance 
With the input supplied by line 3. This Way, 
motor 32 Will stop upon reaching proper tuning 
of resonator 5, since then the voltage across re 
sistor 223' will be equal to the voltage of bat 
tery 3 6, producing equal excitation of Wind 
ings 3, 33, which then neutralize one another 
to stop motor S2. If this condition of equality 
cannot be obtained, the battery 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 east, 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 smaller 
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 
1espectively to the plates of tubes 27 and 268 
through respective batteries 2 and 2 8, which 
oppose plate batteries 2 and 278. The voltages 
of batteries 2 and 28 preferably are Substan 
tially equal respectively to the voltages of bat 
teries 22, 28 less the respective volt drops in 
resistors 2, 22 due to normal current therein 
(for Zero grid voltage of tubes 20, 238), so that 
normally Zero Voltage is impressed across input 
resistors 224, 224. 
A relay 233 has two opposed coils 229, 229 

connected respectively in the plate circuits of 
tubes 228, 228. The armature 23 of relay 233 
is normally in the position shown, and coinects 
battery 232 to the armature of motor 32, by Way 
of leads 230 and through reversing switch 25i. 
If the output current of tube 228 is greater than 
that of tube 228, the action of coil 228 overcomes 
that of coil 223', and the relay armature 23i 
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 223' is greater than 
that in coil 229, the battery 232 is placed across 
leads 230 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 d is oper 
atting far from its resonant frequency, the action 
of battery 36, circuit 23 and reversing switch 
24 Scans the operating frequency range until 
resolator 6 is tuned to a frequency near that of 
Source . Then a Voltage appears across resistor 
39, and the current in both tubes 23 and 2 
decreases. The current in tube 28 decreases 
faster than that in tube 2, due to the difference 
in the time constants of the plate circuits of those 

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 23 remains in the position shown. Motor 
32 therefore continues to tune resonator 6 to 
Ward resonance with the input Wave. 
So long as exact resonance is approached, the 

voltage across resistor 3 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 resonatol 6 (and hence the Voltage acroSS re 
sistor 38) decreases, instantaneously increas 
ing the current in tube 268. The potential of 
the grid of tube 228 thus becomes more negative, 
decreasing the current in coil 229. The current 
in coil 223, however, does not change at once, 
due to the time constant of resistor 2 and 
condenser 24. Therefore, coil 229' attracts ar 
mature 23 and reverses motor 32, which then 
again returns resonator 6 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, that the Voltage of bat 
tery 36 be equal to or greater than the largest 
voltage produced across resistor 223' by virtue 
of the variation in voltage across resistor 30 A. 
It is desirable that battery 36 be equal to the 
voltage across resistor 223' when resonator 6 has 
its maximula ainplitude of Oscillation, since 
then, when the resonator is exactly tuned to the 
incoming signal supplied through line 3, the Out. 
put of the zero time constant circuit 25 as sup 
plied across resistor 223' exactly opposes the 
voltage of battery 39 as applied to resistor 223, 
So that the net field of motor 32 is zero, and hence 
this motor does not operate in either direction 
and resonator 3 is kept at resonance. 
Now if it be assurned that, for SOme reason, 

amplifier & starts to operate at One side of its 
input frequency, then the output of tube 208 
will at once fall off. Since the output of bat 
tery 3: S is fixed, a differential field will be pro 
duced for notor 32 and this motor Will start to 
operate to move plunger 248 in one direction. 
However, so far the direction of rotation of motor 
32 has not been determined, and it merely oper 
ates in ore direction or the other. If the rotation 
is in the correct direction, so that the resulting 
tuning blings the peak of the resonance curve 
Of the an plifier back to the input frequency, 
then the difference between the outputs of chan 
nels 25 and 2S is will be of positive polarity, in 
dicating that the magnitude of oscillation in the 
amplifier 3 is building up, and the motor Will 
continue to rotate in the same direction, since 
relay 23 will remain in its position shown in 
Fig. 1. The rotation continues until the out 
put of amplifier A is a maximum, at Which time 
the rotation Will automatically stop since the 
Wolt-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 
23. 

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 
observes What the output of the device should 
be, as provided here by battery 36. 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 294 and 235, which indicate whether the 
notor is turning in the proper sense. 
An approximation to having the voltage of 

battery 36 equal to the voltage produced across 
resistor 223 at maximum oscillation of resonator 
6, can be obtained by use of a long (substantially 
infinite) time constant circuit 233, shown in 
Fig. 2, in place of battery 3 6. 
Circuit 203 is similar to circuits 24, 25, hav 

ing a tube 266 with a long time constant circuit 
in its plate circuit, formed by resistors 209 and 
condensers 2 i3. The grid of tube 286 is also 
COInnected to resistor 3. Suppose amplifier 4 
is properly tuned. Circuit 283 then effectively 
“remembers' what the condition of amplifier 4 
is, So that, should any deviation from the desired 
condition occur, circuits 254 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 
provided by battery 36, a somewhat shorter 
time constant is now substituted, namely that 
provided by circuit 23. It will be noted that 
channel 203 in operation effectively remembers 
what the output of detector 22 was when res. 
onator 6 was perfectly tuned, channel 235 
tells the notor 32 whether or not the detector 
Output is more or leSS than it was a short time 
ago, and channel 284 determines whether or not 
the motor is turning in the right direction. That 
is, circuit 285 Will cause motor 32 to retune am 
plifier 4 until balanced by circuit 263, the direc 
tion of rotation of motor 32 being determined 
by circuits 204 and 285 as before. 

Fig. 1 is desirable when the apparatus is just 
starting up, for at that time the resonator 6 
is completely detuned, the battery 3 6 then 
Serving as a reference to determine what is ex 
pected of the amplifier 3. However, after ac 
Curate tuning is once effected, Fig. 2 is desirable, 
So 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 3:2 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 5 and 6 or one such system may be 
caused to alternately tune these resonators by 
use of a COlliamutator. 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 resonator 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 245 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 239, thence to detector 25 and audio 
amplifier 255, and thereby to the utilization de 
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vice such as ear phones 254. The detected 
direct-current Cornponent of the output of de 
tector 25 is applied as before to three channels, 
namely an infinite-large-time-constant circuit 
233, a short-time-constant circuit 204' and a 
Zero-time-constant circuit 25'. The cutputs of 
these channels are applied as in Fig. 2 to sum 
circuits 22 '', 222'. The output of sum circuit 
22 i', as before, may be applied directly to the 
field coils of a direct-current motor for retun 
ing both resonators 233, 244 if desired, or for 
tuning the single resonator 24 as illustrated. 
The output of sum circuit 222' may be applied 
through reversing relay 233' to the armature of 
the same notor. In Fig. 3 the outputs of the 
two Sum circuits 22', 222' are shown commutated 
by half-Conductor, half-insulator commutators 
263, 253' cooperating with relays 25, 257' and 
switches 258, 258. The commutators 263, 263' 
are shown continuously driven by a motor 264. 
Thus, in Operation the outputs of sum circuits 
22 , 222' are used alternately for controlling 
turning motors 28, 2.5', each tuning operation 
being of a sufficient iength of time to effect the 
required tuning. Obviously, by using additional 
COYmmutatoi'S more than tWo tuning controls may 
be operated. 
Although FigS. 1 to 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 output of the device and 
having a control member adapted to be driven 
by a notor and for adjusting the output of the 
device. 
AS many changes could be made in the above 

Construction and many apparently Widely differ 
ent enabo dininents of this invention could be made 
Without departing froin the scope thereof, it is 
intended that aii matter contained in the above 
descriptioi or showin in the accompanying draw 
ingS Shall be interpreted as illustrative and not 
in a limiting sense. 
What is claimed is: 
1. In apparatus of the character described, 

means for producing energy, and means for con 
tioliing said energy-producing means to main 
tain the latter at maximum output, said control 
ling naeans including means for supplying a po 
teinitiai responsive to the magnitude of the out 
put of said energy producing means, a plurality 
of time-constant circuits connected for receiving 
said potential, the time constants of said circuits 
being different from one another, sum circuits 
Supplied from said time-constant circuits, notive 
Ireans connected for controlling the output of 
said energy producing means, said notive ?ileans 
being connected to be controlled from Said Sun 
circuits. 

2. App3.ratus as defined in clainn i wherein said 
motive ineans comprises a plurality of Separate 
notive devices, and Wherein coin mutating devices 
are included in the connection between Said no 
tive devices at Ad said surn circuits for effecting 
alternate operation of Said inotive devices. 

3. In apparatus of the character described, a 
tunable device, a long-time-constant circuit, a 
short-time-constant circuit and a Zero-time-con 
Stant circuit, coupled to said device, a pair of 
sun circuits, the first of said sum circuits being 
connected to said long-time-constant and to said 
zero-time-constant circuit, and the Second of 
said sun circuits being connected to Said Zero 
time-constant circuit and to said short-time-con 

8 
stant circuit, motive means for tuning said de 
Vice, said first Sun circuit being connected for 
Starting and stopping said motive means, and 
said second Sulin circuit being connected for de 

5 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 

10 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 

15 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 
notor for effecting reversible actuation of Said 

20 motor, and means connecting certain of said con 
trol circuits to said motor for selecting the proper 
direction of actuation of said motor. 

6. In apparatus for a titomatically controlling 
the frequency of a variable frequency device, the 

25 combination comprising Ineans for tuning said 
device including motor ieans, a plurality of Con 
troi circuits having different tire constants con 
nected to the output of said device, means con 
necting certain of said control circuits to Said 

30 motor neas for effecting reversible actuation of 
said inotor means, and inneans connecting certain 
of said control circuits to said notor means for 
selecting the proper actuation of said motor 

92).S. 
35 7. in apparatus for automatically controiling 

the frequency of a variable frequency device, a 
detector connected to the output of Said device, 
tuning means for said device, reversible notor 
means coupled to said tuning means, control Cir 

40 cuits connected to the output of said detector for 
actuating the motor means, one of Said control 
circuits 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 
motor realins, and in eans connecting said control 
circuits to said notor rears. 

8. Apparatlis for automatically controlling the 
frequency of a variable frequency device, a plural 
ity of individual tuning lineans and motors for 
each tuning means, a plurality of control circuits 
having different time constants, integrating 
circuits connected to said control circuits, and 
coinninuitator Izieans alternately connecting said 
integrating circuits for controiling the respective 
motorS. 

9. In apparatus for controlling a variable fre 
30 quency high frequency device, reversible motor 

driven means for tuning Said device, a plurality 
of control circuits having different time Con 
st3ts cofilected With the output of Said device, 
three of said control circuits being substantially 
of zero, relatively siniaii and large time-constants 
respectively, ineans including an integrating cir 
cuit connecting said age and Zero-time-constant 
control circuits to said reversible notor-driven 
iaeans, a relay circuit including a reversing switch 
connected to said motor-driven ineans, and a 
Second integrating circuit connecting said Small 
and zero-liiine-constant circuits to Said relay Cir 
cuit to deterinine the proper direction of rotation 
of the notor-driven lineans. 

10. The apparatus defined in claim 9, wherein 

45 

50 

5 5 
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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 
neans, and means responsive to the sense of said 
change in oscillation amplitude for controlling 
the direction of actuation of said tuning neans. 

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 an 
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 
nea.I.S 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 oscillator Wave to the other of said 
circuits, means for deriving an intermediate fre 
cluency Wave from said mixer-detector, means 
for detecting said intermediate frequency wave, 
and means responsive to the output of said de 
tecting means for controlling 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 commutator neans 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 firequency wave for controlling the turning 
of said mixer, said tuning control means compris 
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10 
ing means for tuning said mixer, means respon 
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 
controlling the direction of operation of said 
tuning means. 

19. High frequency power amplifier apparatus 
foi' amplifying a wave of predetermined fre 
quency, comprising an plifying means having a 
tuned circuit, inneans for tuning said circuit, 
Ae23S responsive to a change in the amplitude 
of OSciliation of said circuit for actuating said 
tuning means, and means responsive to Sei Se 
of Said oscillation ainplitude change for control 
ling the direction of actuation of said tuning 
ineans 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 tuned re 
Spectively to the received wave and the local oscil 
lator frequency, and having means for pi'oject 
ing an electron bean successively through Said 
resonators and for detecting variations in the ve 
locity of Said electrons, means for supplying a re 
ceived wave to the resonator tuned thereto, means 
for Supplying a local oscillator wave to th2 other 
of Said resolators, means connected to said 
detecting means for deriving an intermediate fre 
quency Waye, aid means for automatically naiin 
taining said resonators tuned to said waves, said 
last means including ineans responsive to a, 
change in a rinplitude of said intern ediate fre 
quency Wave fol' tuning said resonators, and 
means responsive to the sense of said araplitude 
Variation for CQntrolling the direction of Opera 
tion of said tuning means. 

21. Ultra high frequency apparatus, compris 
iing a Source of received signal, a SCurce of local 
OScillator frequency, a mixing device comprising 
a pair of Spaced hollow resonatol's and means for 
passing an electroin beam successively through 
said resonators, means for coupling each one of 
said sources to a different resonator, and detector 
means in the path of said bean beyond Said 
resonators for producing an intermediate fire 
gluency from Said device. 

22. In apparatus for automatically maintain 
ing maximum power output from a variable fre 
quency device having its power output dependent 
upon its frequency, the combination comprising 
means for turning said device, means for obtain 
ing a 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 
na, and means connecting all Said control cir 
cuits to Said turning means to actuate said tuning 
means to naintain 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 output, ineans 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 a 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 
ly 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, 
hears 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, GNZTON. 
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