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This invention relates to modulating systems 
and more particularly to the reduction of dis 
tortion, hum and other undesired modulation 
in the modulated WaWe produced by such Sys 
tems. 5 

in Systems for nodulating carrier waves With 
appreciable power, difficulty is often experienced 
in obtaining a suitably close agreement between 
the modulating or signal wave and the resulting 
envelope of the modulated carrier wave. This 
lack of agreement may be due to distortion of 
the modulating Wave, or to the introduction into 
the modulated wave envelope of a hum or other 
interfering COmponent as from the alternating 
current supplying energy to the cathode heaters 
or other parts of the modulating system, or may 
be due to other causes. Modulating systems have 
heretofore been proposed for correcting for un 
desired modulation of the modulated wave by 
introducing an audio frequency correcting Wave 
into the audio frequency modulating circuit, 
however this expedient tends objectionably to 
interfere with the normal construction and op 
eration of the audio frequency modulating cir 
CuitS and thus leads to further difficulties. 
An object of the present invention is to coun 

teract or avoid the difficulties referred to above. 
Another object is to correct or compensate 

effectively and in a simple manner for the dis 
tortion. Or hun in the modulated wave envelope, 
or for other undesired failure of the envelope to 
agree precisely with the wave form of the original 
nodulating Wave. 
Another object is to accomplish one or more 

of the objectives referred to above without alter 
ing the construction or operation of the original 
audio frequency modulating wave circuit path 
in the modulating system. 

In accordance With the present invention a 
method of Operation and circuits are provided 
for attaining the above objectives. These and 
other objects and features of the invention will 
be understood from the following detailed de 
Scription in connection with the accompanying 
dra Wing of examples illustrative of the inven 
tion. : 

In the drawing, FigS. 1 and 2 show circuit di 
agrams of modulating Systems adapted for car 
rying out the invention. 
In Fig. 1, the nodulating system includes the 

Carrier Wave Source having a modulator-am 
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by adjustment of the variable tuning capacitor 
3 in shunt with the inductor 4, constituting to 
gether a resonant frequency determining circuit 
for the Oscillator tube 5 of the electron discharge 
type having an anode, a cathode and a grid. 
The modulator-amplifier 2, includes the tube 6 
of the electron discharge type having an anode, 
& Cathode and a grid. The output or tank circuit 
7, 8, tuned to resonance with the carrier Wave 
from Source , includes the variable tuning ca 
pacitor in shunt with the output inductor 8, 
the cathode of tube being connected by Way 
of the low impedance condenser 9 to an inter 
mediate point of inductor so that neutraliza. 
tion of the amplifier nay be obtained by adjust 
ment of the variable capacitor ?o connecting the 
grid of the tube in Well-known manner. With the 
end of inductor 8 remote from the anode of the 
tube. Inductor 8 constitutes the primary of the 
output transformer of the nodulating System, 
the Secondary of which is connected with an 
antenna. Or Other Suitable load circuit. 

Direct current energy is supplied to the carrier 
Wave source Over a path which may be traced 
from the ground through the direct current 
Source 2, and conductor 3 to the anode of tube 
5, the cathode of the tube being grounded. The 
carrier wave from source is transmitted from 
the anode of tube 5 to the grid of tube 6 through 
the capacitor is of low impedance to the carrier 
frequency but of high impedance to waves of 
modulating frequency. Capacitor 4 together 
With the grid-cathode leak resistance 5 con 
Stitute a capacity-resistance coupling between 
tubes 5 and 6. The direct current energy supply 
circuit for tube 6 may be traced from the ground 
through the direct current source 6, conductor 
T, and inductor 8 to the anode of the tube, the 
cathode of the tube being grounded. 
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plifier 2 coupled therewith. The carrier wave 
Source is shown as an oscillator of well known 
feedback type and may be of any suitable form. 
The frequency of the carrier wave is controlled 55 

A Wave of audio or other modulating frequency 
Which is of relatively lower frequency than the 
carrier Wave, is impressed on the primary of 
input transformer 8, the secondary of which is 
in the input of the balanced amplifier 9, hay 
ing an output inductor constituting the primary 
of transformer 28, the secondary of which is in 
cluded in conductor 7 supplying direct current 
energy to the anode of tube S. The conductor 
fi thus serves as a modulating wave input for 
tube 6. Carrier frequency choke coil 2 of high 
impedance to waves of carrier frequency and of 
low impedance to waves of modulating frequency, 
prevents Waves in the carrier frequency range in 
modulator-amplifier 2 from reaching the trans 
former 20. . . . . . 
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A secondary inductor 22 is magnetically cou 
pled with the output inductor 8 of modulator 
amplifier 2 and has the variable capacitor 23 in 
shunt therewith for tuning circuit 22, 23 to res 
Cnance with the carrier wave from source . In 
Series With inductor 22 is connected the demod 
ulator 24 consisting of a diode rectifier tube of 
the electron discharge type. The capacitor 25 
in Series between rectifier 24 and inductor 22 is 
of low impedance to waves in the carrier fre 
Cuency range and of high impedance to Waves of 
modulating frequency. 
sistance 26, in shunt with capacitor 25, pro 
vides a path for the demodulated wave of mod 
ulating frequency. Another potentiometer re 
sistance 27 is connected effectively across the 
Secondary of transformer 20 to provide an ad 
justable component of the original modulating 
WaWe. 
A blocking capacitor 28 prevents the paSSage 

of direct current from resistance 27 to the sec 
ondary of transformer 20 and prevents the high 
potential from source 6 from reaching resist 
ance 27. 
In accordance with the normal operation of 

the modulating System, a carrier wave from 
Source is transmitted to modulator-amplifier 2 
which produces amplified carrier waves in output 
inductor 8. Modulating waves transmitted 
through transformer f8 and the input amplifier 
9 are impressed upon the energy supply con 
ductor Serving as a modulating wave input 
for modulator-amplifier 2, thus causing the 
modulator-amplifier to produce an output wave 
in the tank circuit 7, 8, consisting of the ampli 
fied carrier wave modulated substantially inac 
cordance with the modulating wave. 
Any distortion, alternating current power hum 

as that due to alternating current heating (not 
shown) of the cathodes or any other undesired 
component introduced by tubes 5 or 6 or their 
connected circuits, causing the envelope of the 
modulated wave in tank circuit 7, 8 to differ from 

The potentiometer re 
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the Wave form of the original modulating wave, 
is reproduced in the demodulated wave in po 
tentiometer 26. In order to provide a correction 
for this undesired distortion, hum, or other in 
terference, a correction circuit conductor 3G is 
provided which includes a variable portion of 
each of the potentiometers 26 and 27 connected 
in Series With each other and in phase opposi 
tion with respect to the instantaneous values of 
the modulating and demodulated waves. Con 
ductor 39 connects with the grid of the first stage 
of amplifier 3 which serves to amplify the cor- i. 
recting wave and supply an amplified correct 
ing Wave through the primary of transformer 32, 
the secondary of which is included in conductor 
3 supplying direct current energy to the car 

rier. Wave Source f. 
Amplifier 3? may be of any well-known form 

being preferably adapted to amplify without ap 
preciable rotation of the phase of components of 
the correction wave. A choke coil 33 in conductor 
i3 is of low impedance to the correction wave 
and of high impedance to the wave of carrier 
frequency, so that the carrier wave is isolated 
from transformer 32. By upward adjustinent of 
the sliding contact on potentiometers. 25 and 27, 
respectively, the amplitude of the demodulating 7 
Wave and the modulating Wave, respectively, in 
circuit, 3, may be increased to any suitable. Value, 
while downward adjustment of the sliding coil 
tacts reduces the respective amplitudes of these 
WaWeS. 
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4. 
Potentiometers 26 and 27 are preferably so ad 

justed that only the difference component rep 
resenting the difference in wave form between 
the original modulating wave and the envelope 
of the modulated carrier wave, is transmitted in 
amplified form to the anode of tube 5. The cor 
rection Wave is applied to source in that one 
of the two possible phases 180 degrees from each 
other which opposes the distortion, hum or other 
interfering component appearing in the envelope 
of the modulated wave in the output inductor 8 
of the modulator-amplifier 2. The amplitude of 
the correction wave is adjusted by potentiometers 
26 and 27 to a suitable value for efficiently cor 
recting for the undesired modulation. 
The negative polarizing source 34 is provided 

in the circuit. 30 for the grid of the first stage of 
amplifier 3f. 
The circuit of Fig. 2 is similar in its general 

arrangement and operation to that of Fig. 1, dif 
fering therefrom in having a direct connection 
between the rectifier 2 and the anode of modu 
lator-amplifier 2, the rectifier being effectively in 
Shunt between the cathode and anode of tube 6 
and the tank circuit 7, 8, thus avoiding the neces 
sity of a resonant circuit such as circuit 22, 23 
in Fig. 1, inductively coupled with the tank cir 
cuit 7, 8. The necessity of providing potentiom 
eter 27 in Fig. 1 is, also, avoided since it will be 
Seen that the modulating wave potential is pres 
ent on the anode or modulator-amplifier 2. It 
will be seen that the full carrier wave potential 
of the anode of tube 6 is applied to the cathode 
of rectifier 24. In this form of circuit, it is neces 
sary to make the direct current potential of the 
anode circuit of modulator-amplifier 2, exactly 
equial to the peak carrier wave voltage appearing 
on the anode, in order to obtain the desired ad 
justment of the circuit. Under these conditions 
the peak of the negative half cycle of each cycle 
of the carrier wave causes the anode current to 
reduce to Zero value. A direct current polarizing 
source 35, having a potentiometer 36 connected 
in shunt thereWith, is provided in series with 
rectifier. 24 in order to produce a suitable value 
of space current through the rectifier at those 
instants when the negative earrier wave peaks 
are substantially equal and opposite to the aver 
age direct current anode potential of tube 6. This 
means that the potential of the anode of tube 6 
will be positive at all times and will vary between 
Zero and twice the potential supplied by con 
ductor f7, thus preventing tube 24 from recti 
fying except for a small portion of the carrier 
Wave cycle when the anode of tube 6 is less posi 
tive than the anode of tube. 24. It will be seen 
that a small amount of current passes through 
rectifier 24 at each negative peak of the carrier 
wave and will vary in amplitude in accordance 
With the difference of Wave form between the 
original modulating wave and the corresponding 
envelope of the naodulated wave, thus producing 
a correction Wave corresponding with that ob 
tained in the Fig. 1 circuit. 
According to a preferred operation of the cir 

cuits of Figs. 1 and 2, the carrier wave voltage 
airplitude applied to the grid of nodulator 
amplifier tube 6 should be of large value, but 
not so large as to produce Saturation of output, 
tihat is, not so large as to produce the maximum 
grid-driven output. Oscillations in tank circuit 78. 
The grid excitation is preferably of such value 
as to permit the slight variations of amplitude 
of the carrier wave, representing the correction 
Wave as applied to the grid, to produce the neces 



2,429,649 
5 

sary correcting component in the tank circuit to 
oppose and thus neutralize the effect of the unde 
sired modulation component therein. Moreover, 
in order to enhance the preferred operation re 
ferred to above, it is desirable that the grid of 
tube 6, receive a component of negative bias po 
tential from a constant voltage source 29, Such 
as a battery, in addition to or in place of any 
negative bias potential derived from capacitor 4 
in conjunction with resistor 5, thus making it 
possible to obtain readily the desired Operating 
point on the grid-potential anode-current char 
acteristic of tube 6 without appreciable reduction 
in efficiency of the modulator-amplifier. 

Capacitor 25, as in Fig. 1, provides a path for 
carrier Wave current. The conductor 3 in Shunt 
With capacitor 25 includes the primary of trans 
former 38 adapted to transmit the demodulated 
Waves in modulating frequency range, represent 
ing the difference between the modulating wave 
impreSSed on the anode of tube 6 by transformer 
20 and the demodulated wave produced by rec 
tifier 24. The carrier wave choke coil 39 in series 
With the primary of transformer 38 prevents the 
carrier Wave from being transmitted to the trans 
former. As in the case of Fig. 1, the amplifier for 
transmitting the correction wave to the anode of 
oscillator 5 may be of any Suitable form, the 
amplifier 40 in Fig. 2 being shown as a trans 
former coupled multiple stage amplifier, but may 
be of the same resistance coupled form as that 
shown for amplifier 3 fin Fig. 1. 
While the circuit of Fig. 2 is somewhat simpler 

in certain respects from that of Fig. 1, it will be 
seen that in Fig. 2, the cathode of rectifier 24 is 
subjected to the high voltage which may be 
present on the anode of tube 6. It is therefore 
necessary to provide more insulation in Fig. 2 
and to avoid capacity effects incident to the 
rectifier circuits connected directly with the anode 
of tube 6. 

It will be noted that in the circuits of Fig. 1 
and Fig. 2, the correction wave is applied to the 
energy supply circuit for the carrier wave source 
Over a path 3 entirely isolated from and inde 

pendent of the path of conductor 7 for the 
original modulating wave. The correcting Wave, 
therefore, produces no disturbing effect either on 
the modulating Wave input transformer 20 or the 
path for the modulating wave through conductor 
T. Capacitor 4 which couples tubes 5 and 6, 

effectively prevents the transmission of the cor 
recting Wave to the grid of tube 6. 
The results obtained by the operation of the 

described circuit are comparable with those ob 
tained by the use of negative Or inverse feedback 
which is applicable Only to amplifiers adapted for 
transmitting the same Wave from the input to 
the output thereof. The circuit of the present 
invention, however, has an advantage over the 
usual negative feed back arrangement, in avoid 
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6 
ing excitation of the input of the cascade stages 
, 2 by a correcting Wave of relatively large 
amplitude of the kind employed with a negative 
feed back. The normal operation of the tube 
circuits is thus maintained With minimum inter 
ference from the auxiliary correcting circuits. A 
further advantage of the present arrangement is 
that full use may be made of the maximum 
amplification of tubes 5, 6, or additional stages of 
amplification (not shown), without reduction of 
amplification of the type involved in the use of 
negative feed back circuits. 
Warious modifications of the method and appa 

ratus disclosed herein may be made without de 
parting from the invention in its broader scope. 
While the modulating System disclosed by way of 
example in connection with the invention is of 
the type employing a carrier wave source coupled 
With a modulator-amplifier, it will be understood 
that the invention is applicable, also, to other 
types of modulating Systems. The novel features 
of the invention are set forth in the appended 
claims. - 

What I claim is: 
1. A modulating system comprising a modu 

lator-amplifier having an input circuit, a carrier 
Wave source having an output circuit coupled to 
said input circuit, a rectifier having a cathode 
coupled to and varying in potential with that of 
said output circuit, means for maintaining the 
rectifier anode at a potential substantially the 
Same as the peak carrier Wave potential in said 
output circuit in the absence of distortion so as to 
demodulate the portion of said carrier wave peak 
due to distortion, and means for modulating the 
Output wave of said carrier wave source in ac 
cordance With the rectifier output Wave. 

2. A modulating System as set forth in claim 1, 
in which the carrier wave source includes a 
vacuum tube, and the means for modulating the 
output wave of said carrier wave source include 
means for varying the energy supplied to the 
anode of said tube. 

HUGO ROMANDER. 
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