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The present invention is related to the art.in 
cluding velocity variation electron discharge tube 
devices and especially to such devices of the type 
shown in Warian Patent No. 2,242,275, issued May 
20, 1941. The present invention is more particu 
larly directed to apparatus and methods for ulti 
lizing such devices for the control of modulation 
upon an ultra high frequency carrier wave, such 
as in the centimeter Wavelength region. 

It has been discovered that velocity variation 
devices of the above type may be effectively uti 
lized as amplitude limiters or percentage modula 
tion control devices in addition to their ordinary 
uses as amplifiers and oscillators. Accordingly, 
it is an object of the present invention to provide 
improved apparatus and methods for limiting 
the amplitude of an ultra high frequency carrier 
wave, whereby random or other variations in 
amplitude such as due to noise or other causes 
nay be substantially eliminated. 

It is another object of the present invention 
to provide improved apparatus and methods for 
changing or controlling the percentage modula 
tion of a modulated ultra high frequency carrier 
WaWe. 

It is still another object of the invention to pro 
vide improved apparatus for modifying the modul 
lation of a modulated wave and to automatically 
maintain the modified condition of the Wave at a 
desired value. 

It is a further object of the present invention 
to provide improved ultra high frequency mixer 
means useful in the above-described invention, 
and also generally useful. 

It is a still further object of the present inven 
tion to provide improved apparatus and methods 
for eliminating the carrier component of an ultra, 
high frequency modulated Wave to form a carrier 
Suppressed Wave. 

It is still another object of the present inven 
tion to provide improved apparatus. and methods 
for increasing the percentage modulation of an 
Litra, high frequency modulated. Wave. 

It is yet another object of the present invention 
to provide improved apparatus and methods for 
reversing: the phase of the modulation upon a 
modulated ultra high frequency wave. 

It is a further object of the invention to pro 
wide improved frequency-independent apparatus 
for carrier suppression or percentage modulation 
control of high-frequency modulated waves. 
Other objects and advantages of the present 

invention will become' apparent from considera 
tion of the following specification and drawings, 
Wherei 

(C. 250---27.) 
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2. 
Fig.1 shows a schematic diagram of the velocity 

Variation electron discharge tube of the present 
invention. 

Fig. 2 shows a graph useful in explaining the theory of operation according to the presentin 
vention. 

Fig. 3 ShoWS Various. Voltage versus time curves 
useful in explaining the various types of opera 
tion according to the present invention. 

Fig. 4 shows an automatic circuit for producing 
the improved results according to the present in 
Vention. 

Fig. 5 shows a detailed. view. of the balanced 
mixer. of Fig. 4. 

Fig. 6 is a block diagram of an electronic cir 
cuit adapted to produce the same results as...the 
device of FigS. 1 or 4. 

Fig. 7 is a graph useful, in explaining the op 
eration of the device of Fig. 6. 

Figs. 8-12 are schematic block diagrams of 
modifications of Fig. 6... 
Referring to the drawings, Fig. 1 schematically 

shows a velocity variation electron discharge de 
vice f, commercially known as the “Klystron,' 
which is described in the above-mentioned Varian 
Patent No. 2,242,275. As is well known, such de 
vices include a pair of cavity resonators. 2 and 
A3 having respective pairs of electron.permeable 
grids 5, 6- and 7, 8 separated by a field-free 
drift-space-defining tube. 4. An electronstream 
is projected from a cathodes 9, by means of...an 
accelerating battery 2. and successively passes 
through the gaps between grids 5, 16 and 7.8. 
The input or buncher resonator 2 may be-excited 

5 with ultra high frequency energy by means of an 
input connection, such as an input, concentric line 
22, and corresponding high frequency energy may 
be abstracted from the output...or catcher reso 
nator 3 by way of a similar coupling...line.or-ter 
minal. 23. The high frequency electromagnetic 
field existing between grids f5 and 6, serves to 
periodically vary, the velocity of the electrons 
passing therethrough. These velocity-varied elec 
trons become grouped or bunched during their 
travel through drift tube: 4 and deliver corre 
Sponding amplified ultra high frequency energy 
to the resonator. 3-upon passing through grids 
it and 8. As is discussed in the above-men 
tioned Patent No. 2,242,275, the present apparatus 
may serve as an ultra high frequency amplifierior 
an ultra-high frequency regenerative oscillator 
or a regenerative amplifier. The operati 
resonators 2 and 3 upon the electron beam, 
the same as though an alternating voltage were 
impressed between their corresponding-grids - 5, 

  



2,455,393 
3 

6 or 7, 18. This effective voltage between grids 
f5, 6 will be hereinafter termed the "buncher 
voltage,' and the corresponding effective voltage 
between grids f T and 8 will be termed the 
'catcher voltage.' 

It has been found that, as the amplitude of the 
ultra high frequency buncher voltage is varied, 
as by changing the energy supplied to line 22 or by 
changing the coupling between line 22 and bunch 
er resonator f2, the catcher voltage produced 
will vary in accordance with the curve shown in 
Fig. 2, which has the form of the Well-known 
Bessel function of first order having its argument 
proportional to the buncher voltage. This curve 
shows that the catcher or output voltage is an OS 
cillating function of the input or buncher volt 
age. In operating the device as an amplifier 
or regenerative oscillator, in the manner de 
Scribed in my above-mentioned Patent No. 
2,242,275, the buncher voltage is adjusted to a 
value such as W1, so that the tube operates ap 
proximately at the point f of the characteristic 
of Fig. 2. At this point it will be seen that an 
increase in buncher voltage will produce a sub 
stantially proportional increase in catcher volt 
age, and accordingly the device may act con 
veniently as a linear amplifier for a modulated 
Wave input. 

According to the present invention, the device 
of Fig. 1 is caused to operate as an amplitude 
limiter or modulation suppressor, as a modulated 
Wave inverter, as a carrier suppressor, as a per 
centage modulation increasing circuit, or as a 
percentage modulating decreasing circuit, de 
pending on the operating point chosen. 

For example, if the buncher voltage is adjust 
ed to the value V2 corresponding to point 2 of 
the characteristic, at which the characteristic 
has a maximum value, it will be seen that vari 
ations in the amplitude of buncher Voltage over 
a considerable range will have negligible effect 
upon the catcher voltage. Therefore, if a modu 
lated input wave of relatively small percentage 
modulation and producing an average buncher 
voltage W2 is fed to the buncher resonator 2, 
the variations in amplitude of this wave caused 
by itS modulated character will be virtually elim 
inated by the device, and a substantially pure 
unmodulated wave will be produced in the out 
put line 23. In this way the device will act as a 
voltage regulator (maintaining constant output 
amplitude), as a modulation suppressor, or as an 
amplitude limiter. 
In this instance, the output amplitude remains 

Substantially constant despite variations of the 
input amplitude. This condition is illustrated 
in Fig. 3, in which curve A illustrates a modula 
tion signal taken for illustrative purposes only 
as being approximately a sine wave. Curve Bil 
lustrates a carrier wave amplitude modulated 
in accordance with the signal of curve A. If 
Such a Wave is fed to the buncher resonator 2 
When the device is operating with the average 
buncher voltage at point 2 of the oscillating 
characteristic of Fig. 2, the result will be an out 
put wave derived from output line 23 of substan 
tially the form shown in curve C, in which the 
variations in amplitude of the wave are substan 
tially Suppressed. Accordingly, as suggested 
above, the device with this condition of opera 
tion Will Operate to yield a substantially constant 
output amplitude despite the variations of input 
amplitude. It will thus operate to eliminate any 
modulation, whether intentional or involuntarily 
caused, such as by noise impulses. 
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4. 
If the device of Fig. 1 operates at point 3 of 

Fig. 2, as by Supplying an average buncher volt 
age W3, it will be seen that an increase in the 
buncher voltage from the value V3 will produce 
a decrease in the catcher voltage, and corre 
Spondingly, a decrease in the buncher voltage 
produces an increase in the catcher voltage. If 
the Wave of Fig. 3B is again supplied to the de 
vice of Fig. 1 with an average amplitude V3, the 
output derived from the catcher resonator 3 will 
be as shown in Fig. 3D; namely, the modulation 
envelope has been reversed in phase, and the 
device therefore operates as a modulation phase 
inverter. It is to be noted that it is only the 
modulation envelope which is reversed in phase. 
The actual ultra high frequency alternations are 
not affected. 
The present circuit may also be utilized to in 

crease the percentage modulation of the Wave 
Supplied to its input. Thus, if the input wave 
shown in Fig. 3B is so adjusted that the maxi 
nun amplitude Wimax. Of its envelope is equal to 
V4, which is the value of the buncher voltage pro 
ducing operation at point 4 of the characteristic 
of Fig. 2, it will be seen that, at this value of 
the buncher Voltage, Zero voltage will be received 
at the catcher. For voltages differing from this 
maximum, the output of the catcher will in 
Crease in Substantially linear relation to the de 
crease in the buncher voltage. Accordingly the 
Output Wave will be of the form shown in Fig. 
3E; namely, it will have its percentage modula 
tion increased to substantially 100 per cent, with 
a phase inversion of the modulation envelope. 
It will be clear that for average amplitudes of 
the buncher Voltage between the value produc 
ing curve E and that producing curve D, the 
percentage modulation of the input wave may be 
changed from its original value to any value to 

40 100 per cent by a suitable choice of operating 
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point. - 
A further type of operation may be obtained 

by Operating at point 4, at which point the 
buncher voltage V4 yields zero catcher voltage. 
In View of the substantially linear character of 
the characteristic on either side of point 4, the apparatus may then operate to entirely suppress 
the carrier component of the modulated wave 
Supplied to the buncher resonator 3. Thus, if 
the Wave of Fig. 3B, having an average ampli 
tude V4, is supplied to the input of the device of 
Fig. 1, the resultant output voltage derived from 
catcher resonator 3 will have the wave shape 
shown at Fig. 3F, which will be recognized as a 
carrier-suppressed wave. In this way a simple 
modulated Wave, such as in Fig. 3B, may be 
converted to a carrier-suppressed wave, as in 
Fig. 3F. 
As another illustration of the use of the pres 

ent device, it may be operated at point 5 of Fig. 
2, that is, with the average amplitude Wave, of 
the Wave of Fig. 3B having the value V5, which 
is So Selected that the minimum amplitude Vinin. 
of the Wave of Fig. 3B produces a buncher volt 
age V4. When this is done, the result obtained 
from the catcher resonator 3 will be the wave 
of Fig. 3G, in which it will be seen that the per 
centage modulation has been increased to 100 
per cent Without the phase inversion produced in 
iFig. 3E. 

Operation at point 6 of the characteristic of 
Fig. 2 Will produce the same constant voltage 
output as is derived under the condition illus 
trated in Fig. 3C when the average input am 
plitude Wave. is adjusted to have the value Vs. 
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However, in: this: case the ultra high-frequency 
Wave will be phase inverted with respect to, that 
obtained by operating at point 2. 

If the maximum amplitude-Vimax. of the input 
wave of Fig. 3B is adjusted-to-have the value Wa 
corresponding to the second Zero of the curvey of 
Fig. 2, in which case the average input ampli 
tude Wave. will produce a bunchers voltage VI the 
Wave of Fig. 3E will again be produced; having 
the modulation reversed in phase: The phase of 
the high-frequency oscillations is also reversed 
with respect to operation with maximum-input at 
4: By operating with the voltage input ampli 
tude Wave: at point.8; :at- an average buncher 
voltage We, a further-carrier-suppressed wave 
similar to Fig. 3F will be produced in the output. 
Again by operating with the minimum amplitude 
Wirin. of the input waves to produce a buncher 
voltage-V8, in which case the operating point will 
be” at a bunche-Voltage:Wg, the output wave of 
Fig. 3G will be obtained; Again, when-operating 
at point fo, the characteristic of Fig. 3C will be produced: 
In this same manner further-operating points 

may be chosen along the characteristic of Fig. 
2, which will produce any of the types of opera 
tion discussed above and also many other-types 
intermediate those described. Also, the-amount 
of decrease of pereentage-modulation may be var 
ied by selecting various points along the charac 
teristic, since the decrease in percentage modula 
tion will depend-upon the slope of the character 
istic, divided by the height-of-the-curve above 
Ze'O' 

It will be noted that the slopes existing at vari 
ous points in the curvei continuously become less 
and less as the higher modes of operations are 
reached: Therefore, -for-best operation - as an 
amplifier in the manner: discussed in my Patent 
No. 2,242,275, the operating point should remain 
at point f which has the steepest slope anywhere 
along the curve, and therefore produces the high 
est gain. 
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In order to be able to maintain operation at 
any predetermined point of the characteristic of 
Fig. 2, to derive any of the types of operation 
already discussed, use may be had of the system 
of Fig. 4, which shows a system for controlling 
the input to resonator 2 of the device: i. For 
this purpose an ultra-high frequency amplifier 
26, also preferably of the velocity modulation 
type, is supplied with the input wave correspond 
ing to the wave of Fig. 3B by means of its input 
concentric line 27 coupled to its buncher reso 

-45: 

- 

50 

nator. 28. The output derived from the catcher 55 
resonator 29 is then fed by line 22, to resonator 
2, and also is fed to a balanced ultra high fre 

quency mixer 3 by line 22". Balanced mixer 
3 * is also supplied with energy derived. from 
catcher resonator 3 of the controlled device if, 
as by way of the coupling line-32 shown more 
in detail in Fig. 5, and is thereby adapted to pro 
duce an output having a waveform corresponding 
to the product of the instantaneous Wave forms 
of its inputs, in accordance with the well-known 
theory of balanced mixers. 

Fig. 5 shows in more detail the arrangement 
of the balanced mixer 3f. The coupling, line 32 
comprises a U-shaped conductor 39 located with 
in the electromagnetic field of the catcher 3 and 
having a central conductor 45 connected to the 
center-of-the-U-shaped portion to form two coup 
ling loops. 40, 4: This central' conductor 4.5iis 
connected to, or forms an extension of the teen 
tral conductor of: line 22' connected to line: 22.75. 

60 

65, 

40. 

6 
Supplying energy from-amplifier 26:to the buncher 
2: The-outer conductor of line 22' is connected 

to the Outer, conductor'42 of the transmission line 
32. In this way the current flowing in the inner 
conductor of the transmission:line 22 is connected 
in Series with each of the currents induced...in 
the two loops 40, 4: ; The currents induced in 
these-two loops 40; 4f will be of opposite phase, 
and preferably the current produced in the inner 
conductor. 4f is adjusted in: phase; by means: of 
any suitable phase-shifting; mechanisms inserted 
in-line 22 (not shown), so as to be in phase op 
position to one of the two loop currents and in 
phase' concurrence with the other. These result 
ant currents; in the legs;39, 39' of conductor:39 
are then rectifiedsby respective rectifiers 43 and 44 
connected in series therewith.; 

It will be clear.that:when Zero; current is picked 
up by the two loops. 404, the outputs of rectifiers 
43 and 44; being in opposition with respect to the 
currents...flowing; in: conductor. 4, will produce 
Zero: direct current outputtin the output leads:46, 
which may...be connected to a load resistor. 59. 
When a current of predetermined phase is induced 
in the two loops; 49 4; one of the currents. Sup 
plied to rectifiers: 43; and 44. will be increased 
and the other Will be decreased, producing a direct 
current output of predetermined polarity. When 
reverse: phase: eurrents are:induced-in-the-loops 

. 40, 4, the formerly, decreased current is now 
increased and, the formerly increased, current is 
now decreased producing sani opposite. polarity 
direct. current output 

It will be seen that if the input to buncher. i2 
is an unmodulated:pukei carrier; and if the de 
vice: is operating at point 4 of the characteristic 
of Fig. 2, the catcher:voltage will have zero ampli 
tude, and, accordingly, the mixer 3: will have 
Zero output asidiscussed: above. . 

For a bunchers voltage either...less than or 
greater than the Value:W4 required:to-operate at 
point 4, a catcher; voltage: will appear in the 
catcher f3, whose amplitude: will be substantially 
proportional: to: the deviation of the actual 
buncher voltage, from the value. W4 for reasonable 
excursions from V4: . However; as the bunchel 
Woltage increases from a value less than: WA: to a 
value:greater... than W4, the phase of the ultia, 
high frequency oscillations. produced in the 
catcher resonator 3 will reverse; that is, the phase-sense of this:catcher:voltage-depends on the 
Sense of excursion of the bunches voltage from 
the-value. W4: . 
Therefore; if the input to the mixer 3 derived 

from line-22 is adjusted in phase. With respect 
to the input derived from-line 32, to be either in 
relative phase-concurrence:orphase opposition, 
it will be seen that the direct current output from 
mixer. 3 will reverse, polarity as the buncher 
Voltage passes through: the value: W4 and that 
the magnitude of this direct current output will 
depend-upont the deviation of the actual buncher 
voltages from; the value". Va. This feature: is 
utilized in the present g circuit: to automatically 
control the actual buncher:voltage fed toi bun 
cher 2- to maintain-the-catcher 3 output attia 
desired point of the characteristic of Fig 2: . 

70 

Thus; the output.: 46 of mixer. 3 is passed 
through low-pass.filter 33, which permits only the 
direct current component-of-the-mixer...output to 
pass... therethrough....This direct current output; 
is then amplified, if desired, in a suitable direct 
current amplifier 34, and is impressed upon the 
control grid 36 of the amplifier 26. 
AS is well known, the amplification of a 
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“Klystron' amplifier, such as 26, depends upon 
the beam current passing therethrough. By thus 
controlling the beam current from the output of 
mixer 31, the output of catcher 29 can be ad 
justed to give a desired voltage for buncher 2. 
For example, let it be supposed that it is de 
sired to Operate at the point V4 of the charac-, 
teristic of Fig. 2. At this point, as has been dis 
cussed, the mixer output should be Zero. If the 
buncher voltage departs from the value V4, this 
will be sensed by the appearance of a direct cur 
rent output from mixer 3, the polarity of this 
output depending upon the sense of the deviation 
of the buncher voltage from the value W4, and 
the output magnitude depending upon the 
amount of buncher voltage deviation. 

Let it be assumed that a negative voltage is 
obtained from direct current amplifier 34 when 
the buncher voltage is higher than the value W4, 
as can be obtained by properly poling amplifier 
34 to glid 3S. This negative voltage, applied to 
grid 36 decreases the output of “Klystron' ampli 
fier 26 and thereby decreases the voltage of bun 
cher 2. By making the amplification of direct 
current amplifier 34 relatively large, the system 
can be made to operate substantially exactly 
at the voltage V4. 

Correspondingly, if the actual buncher voltage 
is too low, a positive output voltage will be de 
rived from direct current amplifier 34 which, 
when applied to grid 36, will increase the output 
of "Klystron' amplifier 26 and Will therefore 
increase the Voltage of buncher 2. The buncher 
voltage can thereby be maintained at the desired 
Operating point illustrated as WA. 

If it is desired to operate the device at any 
other operating point, it will be seen that for 
this Operating point a particular mixer output, or 
output from direct current amplifier 34, will be 
delived. This output may be effectively cancelled. 
out by a bias derived in any suitable manner, as 
from an adjustable direct current source, such 
as battery 38, in series with grid 36; so that 
grid 36 is properly biased to produce a buncher 
voltage which in turn will produce an output: 
from direct current amplifier 34 just sufficient 
to maintain this desired. buncher voltage. By 
proper choice of the bias of battery 38, any de 
sired Operating point may be automatically main 
tained. . 

t will be noted that in each of the types of 
Operation discussed above, and especially in the 
type of operation wherein the carrier component 
of the modulated wave is removed, the apparatus 
amplitude of the modulated wave. In this re 
Spect the present apparatus constitutes a dis 
tinct change from prior parctice in which a 
carrier is usually removed by filter means or 
other frequency sensitive apparatus. 
The same principle may be applied to eliminate 

the carrier component of a modulated lower fre 
quency Wave. A block diagram for such a system 
is shown in Fig. 6. Thus, the modulated wave is 
fed to a pair of amplifiers I and II whose input 
versus output characteristics may be as shown 
by the corresponding curves of Fig. 7. The out 
puts on this characteristic may be that at a 
particular harmonic of the input, or at the same 
frequency as the input. It will be seen that these 
characteristics are adjusted or selected to that 
at a predetermined input voltage V, the outputs 
of the two amplifiers will be equal. At other in 
put voltages differing from V, the outputs of the 
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8 
two amplifiers will be unequal, and, in fact, the 
difference between these outputs may be as rep 
resented by the resultant curve I-II shown in 
Fig. 7, which is another form of Oscillating func 
tion, somewhat similar to that of Fig. 2. The 
difference between the outputs may then be ob 
tained by a suitable combining circuit 5f. . . If the average amplitude of the modulated in 
put wave is chosen or adjusted to have the value 
W1, then the output from combining circuit 5t 
will have the carrier component suppressed in 
the same manner discussed with respect to Figs. 
1 to 5. This is produced by the characteristic 
I-II of Fig. 7, which gives zero output at the 
average amplitude of the modulated wave and has 
Substantially linearly varying output at; the 
selected harmonic of the carrier with respect to 
deviations of the amplitude of the input modu 
lated wave from this average value. Further 
more, the phase reversal in the output of the com 
bining circuit assures that the output wave will 
be a true carrier-suppressed wave. The circuit 
of Fig. 6 therefore constitutes essentially anam 
plitude discriminator. The amplifiers I and II may be provided in 
Several different manners, of which two are illus 
trated in Figs. 8 and 9. In Fig. 8 the amplifiers 
I and II are chosen to have differing amplification 
characteristics. Then the input modulated wave 
is Supplied in opposite Sense to the control grids 
of the amplifiers I and II by way of a coupling 
transformer 52. Preferably, although not neces 
Sarily, the amplitude of the voltage applied to one 
of these control grids is greater than that ap 
plied to the other. ... . . . . 
The outputs from the amplifiers I and II are 

additively combined in the primary 53 of an out 
put transformer 54. One of the amplifiers, shown 
as amplifier II, is coupled to only a portion of 
primary 53, the other being coupled to the entire 
primary 53. By suitable adjustment of the rela 
tive couplings of the two amplifiers to the primary 
53, and of the relative values of the input voltages 
to control grids of these tubes, it can be assured 
that at a particular average input voltage V, the 
Output voltage of fundamental frequency derived 
from the secondary of transformer 54 will be sub 
stantially Zero. At other voltages than V, how 
ever, One Or the other of tubes I and II will have 
a greater output than the other, so that a corre 
Sponding output will be derived from transformer 
54, producing a carrier-suppressed wave. . 
Generally speaking, the differing amplification 

characteristics of tubes I and II can be provided 
by selecting these tubes to be of different types. 
Alternatively, it can be provided by operating the 
tubes of the same type with different excitations, 
as is shown in Fig. 8. Fig. 9 shows still another way of providing 
these different characteristics.in which differing 
biases are applied to control grids of the tubes I 
and II, so that they will operate at different por 
tions of their plate characteristics, having dif 
ferent curvatures. Other ways of providing these 
different curvatures may also be used. 

In most instances the difference in amplifica 
tion characteristics of the two tubes will neces 
sitate operating at least one of them upon a 
curved portion of its plate characteristic. This, 
as is well known, tends to produce distortion. 
Such distortion is evidenced by demodulation or 
by the production of harmonics of the carrier and 
side band frequencies. By Supplying a suitable 
band pass filter 56, adapted to pass all frequencies 
in the neighborhood of the desired carrier fre. 
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quency to the output of transformer 54, all of 
the undesired distortion components can be 
eliminated and the resultant output Will be a Sub stantially pure carrier-suppressed modulated . 
WaWe. 

Alternatively, the device may simultaneously 
frequency multiply, by passing only a harmonic 
of the input carrier. 

It will be noted that the device of Figs. 8 and 9 
is completely independent of frequency, except 
for the band pass filter 56 which effectively is 
merely a refinement of the circuit. Accordingly, 
the circuit can operate satisfactorily over a wide 
range of nominal carrier frequencies. It will be 
clear that further modifications can be provided 
similar to Figs. 8 and 9 all operating upon the 
principle described with respect to Figs. 6 and 7. 
While the Systems of Figs. 6 to 9 have been de 

scribed with respect to suppressing the carrier 
component of modulated Waves, it will be seen 
that they can also be utilized to increase the per 
centage modulation of Such modulated Waves. 
Thus, if the minimum amplitude of the modulated 
Wave input is adjusted to have the voltage value 
Wi, the output Wave derived from the apparatus 
of Figs. 6 to 9 will have its percentage modulation 
increased to substantially 100%. Similarly, if the 
maximum value of the modulator Wave to be ex-" 
pected is adjusted to have the value Wii, a similar 
increase in percentage modulation Will result. . 
By other adjustments of the Voltage of the modul 
lated Wave, the percentage modulation may be 
increased to other values. 

If desired, an automatic modulation control 
circuit similar to that of Fig. 4 may be provided. 
Fig. 10 Shows One such circuit. Here the modu 
lated input Wave is supplied to the modulation 
control circuit 58 of any of the Figs. 6 to 9 through 
an amplifier 5 having controllable amplification. 
The amplification of amplifier 57 may be con 
trolled to maintain the average voltage input to 
the control circuit 58 at any desired value: For 
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example, the output derived from control circuit 
58 may be suitably rectified in a rectifier 59. 
whose output is then connected in series with an adjustable bias indicated schematically by the 
bias insertion circuit 6. The combined voltage 
thus produced serves to control amplifier 57 to 
maintain the input to control circuit 58 at the desired operating point: 50 
The circuit of Fig. 10 is particularly useful in 

obtaining carrier-suppressed outputs, since it is 
for such an output that the average rectified out 
put voltage will be a minimum, which is a condi 
tion that may readily be maintained by the cir 
cuit of Fig. 10. However, the variable bias pro 
vided by circuit 6 permits operation at any de 
sired point of the characteristic I-II of Fig. 7, 
to control the modulation accordingly. 

Fig. 11 shows a modified form of the circuit of 60 
Fig. 10, including a modified form of the modula 

55 

tion control circuit of Fig.6. In Fig.11 the mod 
ulated input wave is supplied to a limiter circuit 
62 of any desired type adapted in well known 
manner to produce an output having a substan-" 65 tially constant amplitude. If desired, in place 
of the output of limiter 62 the actual carrier wave - 
beforemodulation may be utilized. . . . . . . . . 

The modulated wave is also fed to a controllable amplifier 57 similar to that in Fig. 10. The out.' 
puts of limiter 62 and amplifier 57 are combined 70 

in the combining circuit 5 to produce the desired 
modified output. 
The output of the amplifier 57 is rectified by a . 

suitable rectifier 59 "whose output is combined 75 

10. F. 
with the variable bias provided by circuit 6 to 
control amplifier 57. The limiter 62 provides a 
characteristic III shown in Fig. 7, which, when 
combined with the characteristic II of the ampli 
fier 57, provides a characteristic similar to I-II 
of Fig. 7, and useful in the same manner. - 
By controlling the amplification characteristics 

of amplifier 57 in the manner shown in Fig.11, 
the circuit may be made to operate at any desired. 
point of the characteristic I-II, under the con 
trol of the bias provided by circuit 6. . . . . . . . . 

Fig. 12 provides a circuit similar to that of 
Fig. 11, but adding a modified form of automatic 
modulation control. In this instance, instead of using rectifier 59, the output of the combining. 
circuit 5 and of limiter 62 are supplied to a . 
balanced mixer 63. Balanced mixer 63 operates 
in a manner similar to that of Fig. 4 to provide 
a reversible polarity direct current output repre 
senting a deviation of the output of the apparatus 
from the carrier-suppressed condition, that is, 
from the operating point Vi. By adding to this 
output a variable direct current bias provided by 
circuit, 6., the amplifier 57 may be controlled to 
maintain in operation the system at any desired 
point of the characteristic. In this manner auto 
matic modulation control is provided. . . . . 
Accordingly I have provided an improved type 

of modulation control system which is responsive 
to the amplitude of the input modulated wave, 
and is in no way responsive to or affected by . 
variations in carrier frequency. This device, as 
indicated above, may be utilized on high fre 
quencies or low frequencies. - 3. 

As many changes could be made in the above , 
construction and many apparently widely dif 
ferent embodiments of this invention could be 
made without departing from the scope thereof, 
it is intended that all matter contained in the 
above description or shown in the accompanying 
drawings shall be interpreted as illustrative and 
not in a limiting sense. 
What is claimed is: . . . " 
1. Apparatus for removing the modulation of a 

nodulated high frequency wave, comprising a 
velocity modulation electron discharge device 
having means for producing a stream of electrons, 
means energized by said wave for velocity group 
ing said electrons, and means for extracting high 
frequency energy from said velocity grouped 
stream whereby said device has an oscillating in 
put versus output characteristic; and means for 
causing said extracted energy to have substan 
tially zero percentage modulation, comprising 
means for adjusting the average amplitude of said 
modulated energizing wave to a value corre 
Sponding to a maximum or minimum of the input? 
versus output characteristic of said device." 

2. Apparatus for suppressing the carrier of a 
modulated high frequency wave comprisingia, 
velocity-modulation electron discharge device hav 
ing means for producing a stream of electrons, 
means responsive to said wave for varying the 
velocity of said electrons and means for extract ing high frequency energy from said velocity 
varied stream; and means for suppressing the car 
rier of said extracted energy comprising means 
for adjusting the average amplitude of said modu 
lated wave to a value substantially equal to that 
producing a zero of the output. voltage versus 
input voltage characteristic of said device. 

3. Apparatus for modifying the percentage 
modulation of a modulated high frequency wave 
comprising a velocity-modulation electron dis 
charge - device having “means for producing a 
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stream of electrons, means responsive to said 
Waves for varying the velocity of said electrons, 
and means for extracting high frequency energy 
from said velocity-varied stream; and means for 
causing said extracted energy to have a per 
centage modulation modified with respect to that 
of said modulated Wave, Comprising means for 
adjusting the average amplitude of said modul 
lated wave to a value corresponding to a point of 
the input voltage versus output Voltage chara,c- 
teristic of said device having a negative slope. 

4. Apparatus for controlling the modulation of 
a modulated high frequency wave, comprising 
means for producing an electron stream, means 
for velocity-grouping the electrons of said stream, 
means for extracting energy from said grouped 
Stream, Whereby the relation between the excita 
tion of the grouping means and the energy de 
rived from the extracting means displays an 
oscillating characteristic having an initial linear 
portion, and means for exciting said grouping 
means with said modulated wave at an average 
amplitude greater than that required to produce 
operation at said linear portion, whereby said ex 
tracted energy will have a percentage modula 
tion different from that of said modulated wave. 

5. Apparatus for controlling the modulation of 
a modulated high frequency wave, comprising a 
high frequency translating device having means 
for producing an electron stream, means for 
Velocity-grouping the electrons of Said stream, 
and means for abstracting energy from said 
grouped stream, whereby said device has an input 
verSuS Output characteristic having an initial 
linear portion and subsequent non-linear por 
tions, and means for exciting said grouping 
means With Said modulated wave at an average 
amplitude greater than that required to produce 
Operation at Said portion, whereby said extracted 
energy will have a percentage modulation differ 
ent from that of said modulated wave. 

6. Apparatus for controlling the modulation of 
a modulated high frequency wave, comprising 
means for producing a stream of electrons, means 
energized from said wave for velocity grouping 
Said electron stream, means for abstracting 
energy from said velocity-grouped stream, and 
means for causing said extracted energy to have 
a percentage modulation different from that of 
Said modulated wave, comprising means for ad 
justing the average amplitude of said modulated 
Wave to a value greater than that required to 
produce a linear relation between the amplitudes 
of Said input wave and said abstracted energy. 

7. Apparatus as in claim. 6, further including 
means for automatically controlling said ampli 
tude-adjusting means in response to said ex 
tracted energy to maintain said different per 
centage modulation. 

8. Apparatus for controlling the modulation of 
a modulated high frequency wave, comprising a 
translating device having means for producing a 
stream of electrons, means for velocity-grouping 
Said stream, and means for abstracting energy 
from Said grouped streams, whereby said device 
has an oscillating input versus Output charac 
teristic having a linear first portion; means for 
energizing Said grouping means from said modul 
lated Wave, and means for causing said extracted 
energy to have a percentage modulation different 
from that of said modulated wave, comprising 
means for adjusting the amplitude of said ener 
gizing Wave to a value greater than that required 
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2 
to produce operation of said device on said linear 
first portion. 

9. Apparatus for controlling the percentage 
modulation of a high frequency modulated signal 
comprising a high frequency repeater of the 
velocity-grouped electron discharge type having 
an input versus output amplitude characteristic 
with an initial linear portion and Subsequent 
non-linear portions, means for supplying Said Sig 
nal to said repeater at an amplitude producing 
operation beyond said linear portion of Said chal'- 
acteristic, whereby the percentage modulation of 
the output of said repeater is different from that 
of the input, and means for controlling Said 
supplying means to control said percentage 
modulation. 

10. Apparatus as in claim 9, further including 
means for actuating said controlling means in 
response to the output of said repeater to main 
tain said output signal at a predetermined per 
centage modulation. 

l1. Apparatus as in claim 9, wherein said con 
trolling means comprises means for comparing 
the output of Said repeater with said signal to 
obtain a comparison signal, and means for actu 
ating said supplying means by said comparison 
signal. 

12. Apparatus for modifying the modulation of 
a modulated wave comprising a pair of electron 
discharge devices having equal outputs for a pre 
determined input amplitude and having differing 
input versus output characteristics, means for 
connecting the outputs of said devices in oppo 
sition, and means for supplying said wave to the 
inputs of said devices, whereby for input ampli 
tudes of said Wave in the neighborhood of said 
predetermined amplitude the opposed outputs of 
said devices have a modulation differing from 
that of Said input. 

13. Apparatus for controlling the modulation of 
a modulated high frequency wave, comprising 
translating means adapted to produce an output 
signal whose amplitude is an oscillating function 
of the amplitude of an input signal thereto, said 
oscillating function having a linear portion at 
relatively low input signal amplitudes, and means 
for exciting said translating means with said 
modulated wave at an average amplitude greater 
than that required to produce operation on said 
linear portion. 

14. Apparatus for automatically controlling the 
modulation of a modulated high frequency. Wave 
Comprising repeater means for said wave adapted 
to modify the percentage modulation of an input 
Wave for predetermined values of input ampli 
tude, Said repeater means having an input circuit 
and an output circuit, and means connected to 
Said input and output circuits for maintaining 
said input wave at an amplitude value yielding a 
desired output percentage modulation. 

15. Ultra high frequency mixer apparatus com 
prising a pair of coupling loops having a common 
conductor, means for exciting said loops by one 
of Said waves to be mixed, means for exciting said 
common conductor by a second wave to be mixed, 
and a respective rectifier connected to each of the 
remaining conductors of said loops, said rectifiers 
having a common terminal, whereby the unidirec 
tional component of the potential of said common 
terminal Will represent a mixed version of said 
tWo waves. m 

16. Ultra high frequency mixer apparatus for 
mixing two input waves, comprising a pair of cou 
pling loops having a common conductor, means 
for exciting Said loops in opposite phase by one 
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of said waves, means for exciting Said common 
conductor by the second of said waves, and a Sym 
metrical conducting means connected to each of 
the remaining conductors of said loops and having 
a common terminal, whereby the unidirectional 
component of the potential of said common ter 
minal will represent a mixed version of Said 
WaWes. 

17. Ultra, high frequency mixer means compris 
ing a hollow cavity resonator adapted to be ener 
gized by a first Wave, two coupling loops having a 
common central conductor, said coupling loops 
being inserted within said resonator to be eXcited 
by the field thereof, a transmission line adapted 
to be energized by a second Wave and having the 
inner conductor thereof connected to said central 
conductor, and a rectifier connected to each of 
the remaining conductors of Said loops and hav 
ing a common terminal, whereby the unidirec 
tional Voltage betWeen said common terminal and 
ground will represent a mixed version of said two 
WaVeS. 

18. Apparatus for modifying the percentage 
modulation of a modulated high frequency wave 
Comprising electron discharge means adapted to 
produce a Zero output for a predetermined non 
Zero Value of input, said means comprising a pair 
of channels having their outputs connected in op 
position, one of said channels having a different 
input Versus Output characteristic from the other 
of Said channels and said channels being adapted 
to provide equal outputs at said predetermined 
input Value, means for supplying said modulated 
Wave to the input of said electron discharge 
means, and means for adjusting the average ann 
plitude of said modulated wave to a value in the 
neighborhood of said predetermined value. 

19. Ultra high frequency apparatus comprising 
a cavity resonator, a pair of coupling loops having 
a common conductor and inserted within said 
resonator to be excited by the field thereof, a 
transmission line having the inner conductor 
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thereof connected to said common conductor and 
the outer conductor connected to the exterior of 
Said resonator, and a pair of Series-connected de 
tectors connected between the other conductors of 
Said loops. 

20. High frequency mixer apparatus for mixing 
a pair of input Voltage Waves comprising a pair of 
rectifiers connected in series arrangement and 
having a common terminal, a load resistor con 
nected to said common terminal, means for con 
necting said two voltage Waves in Series across one 
of Said rectifiers and said load resistor in series, 
means for obtaining a phase-reversed version of 
One Of Said input Voltage Waves, and means for 
connecting said phase-reversed version in series 
With the other of said voltage waves across the 
other of said rectifiers in series with said load re 
sistor, whereby the unidirectional voltage across 
Said load resistor Will represent a mixed version 
of said two voltage waves. 

21. High frequency apparatus comprising elec 
tron discharge translating apparatus having an 
input and an Output, means for exciting said in 
put by an input high frequency wave, means for 
mixing a version of said input wave and a wave 
derived from Said output, and means coupled to 
the output of Said mixing means for controlling 
the amplitude of said input wave. 

RUSSELL. H. WARIAN. 
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