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This invention relates to modulation systems, 
and more particularly to a method of and means 
for providing a modulation limiter which auto 
matically prevents excessive modulation, reduces 
distortion, and makes possible the automatic 
maintenance of nearly constant percent modul 
lation for a wide range of modulating signal 
leve. 
. Modulated transmitters are usually provided 
With a manual control means for reducing the 
amplitude of the modulating voltage when it 
tends to increase beyond a predetermined level. 
While this manual control system has certain 
advantages, it is frequently desirable to provide 
a System which requires no attention and Which 
operates automatically not only to prevent ex 
CeSSiWe modulation but also to maintain the per 
cent modulation at a Substantially constant level 
notwithstanding fluctuations in the amplitude 
of the modulating voltage and in the normal 
transmitter output. The mere provision of an 
automatic volume control in the audio amplifier 
of a modulated transmitter does not provide a 
Satisfactory answer to the problem, since nor 
mal variations in the sound intensity are there 
by reduced, tending to prevent the faithful re 
production of the transmitted intelligence. A 
biased automatic volume control system in the 
audio system will prevent oVermodulation on Oc 

- casional peaks, but can not maintain the modu 
lation level at a constant value. 

it is frequently desirable to vary. the power 
output of a transmitter. One conyenient way 
of accomplishing this is to vary the plate voltage 
which is applied to the high power radio fre 
quency amplifiers. In transmitters which utilize 
'high level” modulation, that is, modulation which 
is accomplished by Superimposing a modulated 
alternating voltage on the direct plate voltage 
Which is applied to the output tubes it is evi 
dent that such a variation of the output power 
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necessitates a readjustment of the amplitude of 
the modulating voltage, if the percent modula 
tion is to be held at the Original level. So also, 
if a limiting system is used which tends to limit 
the amplitude of the modulating voltage to pre 
vent overmodulation, the point at which the lim 
iting action is instituted must also be varied when 
the output of the transmitter is varied. This re 
quires constant attention on the part of an op 
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nected across battery and secondary 3 
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erator, and is therefore objectionable. It is the 
primary object of this invention, therefore, to 
provide a modulation system which automati 
cally maintains the percent modulation at a de 55 

It is, therefore, a further object of this inveni 

sired value, or prevents its increase beyoric 
desired value, independent of changes in it 
transmitter output. 

In addition to changing the direct vol. 
which is applied to the output amplifier fo 
purpose of readjusting the transmitter outp 

transmitter is transferred to an emergency po 
er supply System. Since the percent modul: 
tion is a function of the ratio of the direct plate 
Voltage, which is approximately equal to the av 

iting is to be accomplished at a predetermined? 
percent modulation without continual readjusti 
ment to compensate for desired or undesired: 
changes in the plate voltage, the point at which 
the limiting action is instituted must vary in pro. 
portion to the amplitude of the plate voltage. 

tion to provide a limiting system in which the 
point of operation is proportional to the piate 
voltage which is applied to the modulated arri 
plifier. 2 : 
This invention will be better understood from 

the following description when considered in 

figure of the drawing is a schematic diagram of 
preferred embodiment of this invention. 

Referring to the drawing, is a radio if 
quency oscillator of any desired characteristi 
which is coupled to the input of a radio frequent 
amplifier 3. The output circuit of amplifie 
includes an inductor. 5 and capacitor a, the 
former of which is coupled to an antenna 9. The plate voltage which is applied to the amplifier 3. 
is derived from a suitable source such as a ? 
if which is connected in series with the secon ! s! Yº 
3 of a modulating transformer 4 bet 
ground and the low potential end of inductor 
A radio frequency by-pass capacitor 5 is con 

modulating voltage is induced in the secondar 
of the modulating transformer by means of 
modulating amplifier 7, which is in turn 
gized by a pair of remote cut-off audio frequi 
amplifier tubes 9 and 2. : . 
A source of modulating voltage 23 is coupled 

to the grids of the remote cut-off tubes 9 and 2 
by any suitable means, such as a transformer 

ener 
ency, 
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2 
25. A pair of isolating resistors 27 and 2 are 
connected between the respective grids of the 
remote cut-off tubes and one terminal of a biasr 
ing resistor 39, the other terminal of which is 
connected to ground. The system so far de 
scribed is a 'high level” modulated amplifier, the 
operation of which is well known to those skilled 
in the art. The limiting circuit will now be 
described. 
A voltage divider comprising resistors 4 and 

43 is connected between ground and the high 
potential terminal of the secondary winding 3. 
The junction of resistors 4, 43 is connected to 
the cathode 45 of a diode rectifier 47 through a 
parallel circuit comprising a variable resistor 49 
and a capacitor S. Cathodes is also connected 
to ground through a variable resistor 53. The 
anode 48 of diode 47 is connected to the un 
grounded terminal of biasing resistor 39, and also 
to ground through a bypass capacitor 55. 
The radio frequency amplifier plate voltage is 

determined by two components, a direct voltage 
which is produced by the battery il, and an 
audio frequency voltage which is developed 
across the secondary 3 of the modulation trans 
former. The modulating voltage is added to the 
battery voltage during positive peaks of the mod 
ulating voltage, and is subtracted from the bat 
tery voltage during negative peaks of the modul 
lating voltage. One hundred percent modula 
tion of the radio frequency carrier is therefore 
accomplished when the amplitude and polarity 
of the modulating voltage is such that the effec 
tive plate voltage on the amplifier tube is re 
duced to zero. If the modulating voltage ex 
ceeds this value deleterious distortion is pro 
duced, since the radio frequency output cannot 
be reduced beyond the zero point. The envelope 
of the modulated carrier wave, therefore, does 
not truly represent the wave shape of the modul 
lating voltage. 
To prevent this distortion, the amplitude of 

the modulating voltage must be maintained at 
a value which is less than the value which re 
duces the plate voltage to zero. Consequently, 
variations in the potential of battery necessi 
tates the readjustment of the maximum ampli 
tude of the modulating voltage if overmodula 
tion is to be avoided. At the same time, it is to 
be remembered that it is always desirable to op 
erate the transmitter at the highest average per 
cent modulation possible, in order to fully utilize 
the available radio frequency energy. 

In accordance with this invention, a bias volt 
age is developed by rectifier 4 when the modul 
lating voltage exceeds a predetermined propor 
tion of the direct plate voltage, which, as noted 
above, is equivalent to the average unmodulated 
carrier voltage. It will be seen that the cathode 
45 of diode 4 is impressed with a direct voltage 
and an alternating voltage. The amplitude of 
the direct voltage is determined by the attenua 
tion produced in the voltage divider comprising 
resistors 4 and 43, and the further attenuation 
which is provided by resistors 49 and 53. A posi 
tive D. C. bias is, therefore, applied to cathode 
45, the amplitude of which is proportional to 
the amplitude of the direct voltage which is ap 
plied to the amplifier plate. By adjusting either 
or both of resistors 49 and 53, the amplitude of 
the biasing voltage may be set to any desired 
value. . 

The amplitude of the alternating component 
is likewise affected by two attenuators. Resistors 
4 and 43 provide a like attenuation for both the 
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2,885,796 
direct and alternating components. The purpose 
of this attenuator is merely to reduce the alter 
nating and direct voltages which are applied to 
the diode 4 to usable values. Capacitor 5, how 
ever, bypasses the audio frequency component 
around resistor 49, so that the full alternating 
voltage across resistor 43 is applied to the cath 
ode. As a result, the proportion of the direct 
and alternating voltages which are impressed on 
rectifier 4 may be independently selected, and 
thus the point at which rectification commences 
may be adjusted. 
When the alternating component present on 

cathode 45 exceeds the amplitude of the direct 
Component, diode 4 draws a current through re 
sistor 39, and the anode 48 develops a negative 
potential. This negative potential is applied as 
a bias to the grids of the remote cut-off ampli 
flers f and 2. The percent modulation at 
which the limiting action commences is approxi 
mately equal to the attenuation produced by re 
sistors 49 and 53. That is, if the value of resistor 
5 is equal to four times the value of resistor 49, 
then the D. C. component on cathode 45 will be 
four-fifths of the A. C. component, assuming the 
two voltages to be of equal amplitude at the mid 
point of resistors 4 and 43. The limiting action 
will, therefore, commence at 80 percent modula 
tion, beyond which the audio amplifiers 9 and 2 
receive an increased negative bias to reduce or 
prevent a further increase in the modulation due 
to a further increase of voltage at the modulat 
ing source 23. 

If the output of the transmitter is varied by 
adjusting the amplitude of the direct voltage 
produced by battery , the direct voltage present 
on cathode 45 will be likewise altered, so that the 
limiting action will automatically commence at 
that value of modulating voltage which produces 
the desired maximum modulation at the new 
plate voltage. The same is true, of course, for 
Variations in the direct plate voltage which occur 
during normal Operation due to changes in the 
battery Or line voltage, since in practice the bat 
tery would usually be replaced by a rectifier 
filter System, as is well known. 
A further advantage of the system illustrated 

arises from the fact that the control bias for the 
(amplifier tubes 9 and 2 is derived from a voltage 
which is proportional to the actual modulating 
voltage. Thus, changes in the gain of the modul 
lator f, or in amplifier tubes 9 and 2, are 
automatically compensated through the bias vol 
tage developed in the limiting system. 
The system illustrated may be operated so as 

to prevent Overmodulation due to occasional 
peaks by keeping the audio frequency voltage at 
an average value which is well below that neces 
sary to produce maximum modulation, or if de 
sired the modulation voltage may be increased 
to a value at which the limiting action is in oper 
ation a large portion of the time. In the former 
case, the original dynamic sound range is main 
tained, but in the latter case the dynamic range 
is reduced. 
We have thus described an improved system for 

limiting voltage impulses which would tend to 
Overmodulate a transmitter, and which may also 
maintain the average modulation at a selected 
value. The invention is not to be limited to the 
specific apparatus illustrated since various mod 
ifications will occur to those skilled in the art, 
The audio amplifier tubes 9 and 2 may be tri 
odes, if desired, nor is it necessary to use a push 
pull amplifier as shown. It is apparent that 



2,835,796 
other modulating system may be employed, such 
as the well known grid modulating System. 
We claim as our invention: 
1. In a modulation limiter, a radio frequency 

amplifier, means including a modulation fre 
quency amplifier for applying a modulated direct 
voltage to said radio frequency amplifier, and 
control means operable in response to a modula 
tion frequency voltage whose amplitude exceeds 
a predetermined percentage of the applied direct 
component for deriving a control voltage, means 

- for utilizing said control voltage to limit the 
gain of said modulation frequency amplifier, said 
control means including a unilateral discharge 
device normally biased to cut-off solely by a di 
rect voltage proportional to said direct compo 
nent. m 

2. In a device of the character described, a 
thermionic discharge device, a source of direct 
plate voltage for said device, modulating means 
including a modulation frequency amplifier for 
applying a modulating Voltage to the plate of 
said device, a unilateral discharge device, ims 
pedance means in circuit with said unilateral 
discharge device for applying a control bias to 
said modulation frequency amplifier, said bias 
being proportional to the current through said 
unilateral discharge device, separate means for 
applying to said unilateral discharge device rele 
atively adjustable direct and alternating volt 
ages proportional to said direct plate voltage 
and said modulating voltage, respectively, said 
means comprising a resistive Woltage divider 
across a portion of which a capacitor is connect 
ed, the polarities of said voltages being such that 
said unilateral discharge device becomes con 
ductive Only when the amplitude of said modul 
lating voltage exceeds a predetermined propor 
tion of the direct plate Woltage of Said amplifier 
tube. V-. 

3. In a modulation limiter, a radio frequency 
amplifier, means including a modulation fre 
quency amplifer for applying a modulated direct 
voltage to said radio frequency amplifier, a uni 
lateral discharge device having cathode and 
anode electrodes, means for applying to said de 
vice a controllable biasing potential proportional 
to a desired fraction of the direct component ap 
plied to said radio frequency amplifier, said 
means being the sole biasing means for said de 
vice, means for also applying to Said device an 
alternating voltage proportional to the modula 
tion frequency component of said applied voltage 
to thereby develop a control Voltage whenever 
said modulation frequency component exceeds 
said controllable biasing potential, and means for 
applying said control voltage to said modulation 
frequency amplifier to reduce the gain of said 
amplifier, 

4. In a modulation responsive device for a high 
frequency amplifier having a cathode electrode 
and another electrode between which unidirec 
tional operating voltage and modulating signal 
voltage are Supplied, said operating voltage being 
subject to variations and the total voltage be 
tween said electrodes being subject to undesired 
reversal upon high peaks of said signal voltage, 
a voltage divider for unidirectional voltage con 
nected between said electrodes, a unilaterally 
conducting device connected across a portion of 
said voltage divider and poled to be rendered 
non-conductive by the unidirectional potential 
thereon, and means for short circuiting at least 
a portion of the rest of said voltage divider for 
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3. 
non-conductive but becomes conductive whenever 
said signal voltage exceeds a predetermined con 
stant fraction of said operating Voltage irrespec 
tive of the magnitude thereof. 

5. In a modulation limiter for a high frequency 
amplifier having a cathode electrode and another 
electrode between which unidirectional Operating 
voltage and modulating Signal Voltage are Sup 
plied, said operating voltage being Subject to 
variations, a voltage divider connected between 
said electrodes, a unilaterally conducting device 
connected across a portion of Said voltage divider 
adjacent said cathode electrode and poled to be 
rendered non-conductive by the unidirectional 
potential thereon, means to short circuit at least 
a portion of the rest of said Woltage divider for 
signal current whereby a greater portion of said 
Signal voltage is applied to Said unilaterally con 
ductive device than of said unidirectional voltage, 
and said device becomes conductive when the 
ratio between such portions exceeds a predeters 
mined Value unchanged by variations of said 
Operating potential, and current responsive 
means Operated by current in said device for re 
ducing Said Signal Woltage. 

6. In a modulation limiter for a high frequency 
amplifier having a cathode electrode and another 
electrode between which unidirectional operating 
voltage and modulating signal voltage are sup 
plied, said operating voltage being subject, to 
variations, a unilaterally conducting device, elec 
trically passive means for impressing a bias volt 
age upon Said device With Such polarity as to 
render said device non-conductive, said bias 
Voltage being derived entirely from said operat 
ing voltage between said electrodes, means to 
Supply signal voltage to said device to render said 
device conductive when peaks of said signal 
Voltage exceed said operating voltage applied 
thereto, the ratio of the signal voltage to the 
Operating Voltage Supplied to said device being 
greater than the ratio of signal voltage to oper 
atting voltage between said electrodes, whereby 
said device becomes conductive whenever said 
signal voltage exceeds a predetermined fraction 
of Said operating voltage between said electrodes 
irrespective of the magnitude of said operating 
voltage, and means responsive to current in said 
unilaterally conducting device to reduce said 
signal voltage. 

7. In a modulation responsive device for a high 
frequency amplifier having a cathode electrode 
and another electrode between which unidirec 
tional Operating voltage and modulating signal 
voltage are Supplied, said operating voltage being 
subject to variations and the total voltage be 

...tween said electrodes being subject to undesired 
reversal upon high peaks of said signal voltage, 
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signal currents so that said device is normally is 

a unilaterally conducting device, electrically pas 
Sive means for impressing a bias voltage derived 
entirely from said operating voltage upon said 
device with Such polarity as to render said device 
nonconductive so long as peaks of said signal 
Voltage do not exceed said operating voltage, and 
means including said first means for supplying 
Said Voltages to said device with such relative 
intensities that said device is normally noncon 
ductive but becomes conductive whenever said 
signal voltage exceeds a predetermined constant 
fraction less than unity of said operating voltage 
between said electrodes irrespective of the mag 
nitude thereof. 

HAROLD J. SCHRADER, 
BEN W. ROBINS, 
JOHN M. BRUMBAUGH, 


