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For modulation purposes the invention utilizes 
an amplifier which has been linearized (that is 
to say, in which non-linear distortions are cor 
rected) by means of a negative feedback between 
the input and the output circuit. This amplifier 
may be regarded as amplifying one of the fre 
quencies to be modulated with each other. The 
amplifier itself may consist of a cascade of ampli 
fiers. According to the invention, the damping 
occurring in the feedback path is controlled by 
the other one of the frequencies to be modulated 
With One another. 
The basic principle of the invention shall now 

be described more fully by reference to the ap 
pended drawings, wherein: r:w 

Fig. 1 illustrates diagrammatically an embodi 
ment of my modulation System. 

Fig. 2, is a curve showing the characteristic of a 
rectifier used in the system; while 

Figs. 3, 4, 5 and 6 are each modifications of my 
controlled deger:erative feedback amplifier of 
Waves to be modulated. 

In the feedback path of amplifier W for car 
rier frequency S., having a gain So, is a network 
or mesh N of variable attenuation bR. The 
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negative feedback, as shown in the prior art, may 
be predicated upon a current or a voltage feed 
back, or else a combination of both. Attenuation 
bR and thus the gain 

of the arrangement is subject to control or modu 
lator action occurring at the rhythm of voltage 
Uay. U2 is the output voltage, U is the carrier 
voltage and Ua is the modulation voltage. Ac 
cording to the amplitude of the signal frequency 
w, the attenuation of the network or mesh will be 
either raised or diminished. The carrier fre 
quency voltage U2 arising in the output end of 
the amplifier, as will thus be seen, varies at the 
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rate or rhythm of the signal and contains the de 
sired sideband frequencies 2-ca. 
The control of the amplifier V is insured in the 

input circuit. Both for the carrier frequency 
as well as for the controlling signal frequency aw 
only very small energies are thus required. This 
is of importance and value, for instance, in Con 
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for Several Systems, especially where multiple 
generators are employed. 
While the negative feedback varies it is always 

present, and as a result the properties of the am 
plifier tube are improved as well known in the art. 
More particularly, additional modulation in the 
tube as a result of its curvature is lessened. 

It is known in the earlier art to utilize a plate 
Current or amplifying detector for modulation 
purposes in Which by negative feedback and the 
use of tubes having a very low grid penetration 
factor a nearly ideally bent characteristic is ob 
tained. However, because of the peculiarity in 
herent in this known arrangement, the gain is 
extremely . low. The invention contradistinct 
therefron discloses how to use the negative feed 
back network or mesh in a linearized amplifier for 
modulation purposes, that is to say, the combina 
tion of a negative feedback amplifier with a 
modulator. In this way a high gain is securable, 
while yet the necessary circuit means are not 
elaborate. 
In the modulator arrangement of this invention 

the negative feedback network comprises the use 
Of non-linear resistances Which is known in the 
prior art. The characteristic of the non-linear 
resistance structure, by expedient choice of the 
non-linear resistances and/or the biasing volt 
ages thereof, is made so that a straight-line 
inter-relationship is obtained between the out 
put potential of the modulator arrangement and 
the controlling modulator. potential. 

Resistance R of the negative feedback network 
must satisfy more particularly the following con 
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dition: 

-- k. Uc. 1) . (1) 
Where S is the mutual conductance or slope of 
the amplifier tube, so is the gain of the amplifier 
W in the absence of negative feedback, s' is the 
gain of the amplifier tube with negative feedback. 
Ula) is the amplitude of the controlling frequency 
av and kc the ratio between the output amplitude 
U2 and the control amplitude Uw. To satisfy the 
said condition it would seem that the dry-type 
(oxide) rectifier, more especially copper-oxide 
rectifiers or combinations comprising the same is 
most suitable. 

nection with the central supply of carrier current 50 Fig. 2 shows the dependence of the resistance 
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of a copper-oxide rectifier upon the controlling 
alternating amplitude Uay. The operating point 
is defined, for example, by expedient choice of the 
biasing potential u. It will be seen that the 
curve satisfies very closely the condition: 

- 1 - Uco 
Rs=i?? (2) 

This condition has been derived from Equation 
1, that is to say, there was introduced in Equa 
tion 

and k=1, which is an important special instance. 
Particular exemplified embodiments of the 

modulator arrangement of this invention are 
illustrated in FigS. 3 to 6. The circuit organiza 
tions are more particularly so designed that the 
carrier and/or the signal frequencies are absent 
in the amplifier output. Exemplified embodi 
ments Figs. 3 and 4, for instance, illustrate circuit 
organizations where the signal frequency is 
absent in the output. 
A preferred exemplified embodiment adapted 

to suppress the signal frequency is shown in Fig. 
3. Included in the cathode circuit of the ampli 
fier tube V for carrier frequency are the non 
linear negative feedback resistances Gli and 
G2; these may consist more particularly of dry 
rectifiers. 
furnishing a biasing voltage, required under Cer 
tain circumstances for the rectifiers. The re 
sistances R. and R2 are included in the ampli 
fier direct-current circuit. The drop of potential 
caused by the plate current across the resistances 
R2 and R3 may also serve for biasing the tube V. 
Alternating current is precluded from this cir 
cuit by means of the choke-coil Dr known in the 
art, while condenser C prevents the flow of the 
plate direct current across the non-linear re 
sistances G? and G2. Owing to the differential 
winding of the signal transformer ?? the signal 
a is suppressed in the grid and thus in the plate 
circuit. The amplifier tube V should preferably 
be of the screen-grid type. , 

In Fig. 3, the drop in the alternating-current 
path comprising condenser C and the network 
between C and ground is in the circuit between 
the grid O and cathode 2 so that degenerative 
potentials are fed to the grid O. The amplitude 
of the potentials fed back is controlled by control 
ling the conductivity of the non-linear resistances 
G and G 2 and is done by the modulating pO 
tential w impressed on the transformer WU. R. 
is included in the grid circuit to supply a desired 
bias for the grid. / 

Also, in exemplified embodiment Fig. 4 the 
signal frequency is suppressed in the output of 
the arrangement by using the differential trans 
former VÜ as shown. This embodiment con 
tains only one non-linear resistance G in the 
feedback path. In this circuit a single non-linear 
resistance G is in the modulation potential de 
generative feedback circuit. 
By using a push-pull circuit organization as 

shown in Fig. 5, it is also possible to suppress the 
carrier frequency as known in the prior art. The 
push-pull arrangement consists of the two am 
plifier tubes V and V. These also are prefer 
ably of the screen-grid type. Signal frequency, 
for example, is fed through transformer VÜ to 
the rectifiers G and G' so that it is also absent 
in the output. The carrier frequency, however, 
as shown in Fig. 6, could also be compensated by 

The resistances Ri and R2 serve for 
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2,267,703 
the use of a differential transformer T for the 
carrier frequency S2 and by introducing the re 
sistance R, in the output circuit. In the arrange 
ment of Fig. 6 a point on the Secondary winding 
of transformer T is connected to the grid O and 
a terminal is connected to the cathode return 
circuit and a second terminal to the anode 14 by 
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way of resistance R. 
What is claimed is: 
1. In a modulation system, an electron dis 

charge device having input and output electrodes 
including a control grid, an anode and a cathode, 
means for "impressing wave energy to be modul 
lated on said control grid, a modulated wave en 
ergy output circuit connected with said anode, a 
rectifier connected between said cathode and an 
ode, a connection between said grid and cathode 
including said rectifier to provide in said tube a 
degenerative effect and means for modulating the 
degenerative effect including a Source of modulat 
ing potentials coupled with said rectifier. 

2. In a modulation System, an electron dis 
charge device having input and Output electrodes 
including a control grid, an anode and a Cathode, 
means for impressing wave energy to be modu 
lated On Said control grid and cathode, a modu 
lated wave energy output circuit connected with 
said anode and cathode, a non-linear resistance 
connected in an alternating current circuit be 
tWeen said Cathode and anode, a circuit between 
said grid and cathode including said non-linear 
resistance to provide a degenerative effect in said 
tube and means for modulating the degenerative 
effect including a source of modulating potentials 
coupled with said non-linear resistance. 

3. In a modulation System, an electron dis 
charge device having an anode, a cathode and a 
control grid, a source of modulating potentials, 
a source of wave energy to be modulated, opposed 
non-linear impedances in a loop circuit common 
to connections between the cathode and the an 
ode and between the cathode and the control 
grid to provide degeneration in said tube, an out 
put circuit coupled to said anode and cathode, 
means for impressing the wave energy to be mod 
ulated on said control grid and cathode, and a 
differential transformer coupling said source of 
modulating potentials to said non-linear imped 
ances by a circuit such that the provided degen 
eration is modulated and the modulating poten 
tials are Suppressed in said Output circuit. 

4. In a modulation system, an electron dis 
charge device having an anode, a Cathode and a 
control grid, a source of modulating potentials, 
a source of wave energy to be modulated, a pair 
of rectifiers connected in opposed relation by Sin 
ilar impedances, a connection between adjacent 
terminals of said rectifiers and the cathode of 
said tube, connections between adjacent termi 
nals of said impedances and the grid and the 
anode of said tube to provide degeneration in said 
tube, an output circuit coupled to the anode of 
said tube, means for impressing the wave energy 
to be modulated on said control grid and cathode, 
and means for applying modulating potentials 
differentially to said impedances to modulate the 
provided degeneration and to suppress said mod 
ulating potentials in said output circuit. 

5. In a modulation system, a pair of electron 
discharge devices each having an anode, a cath 
ode and a control grid, a pair of rectifiers con-, 
nected in opposed relation between the cathodes 
of said tubes, means connecting one of said recti 
fiers in a common portion of an alternating cur 
rent circuit between the anode and cathode and 
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grid and cathode of one of said tubes, means con 
necting the other of said rectifiers in a common 
portion of an alternating current circuit between 
the anode and cathode and grid and cataode of 
the other of said tubes, an output circuit coupling 
the anodes of said tubes in push-pull relation, 
means for impressing wave energy of carrier wave 
frequency in phase between the control grids 

and cathodes of said tubes, whereby said carrier 
wave energy is suppressed in said output circuit, 
and means for impressing modulating potentials 
in push-pull relation on said rectifiers whereby 
the carrier wave is modulated and said modulat 
ing potentials are suppressed in Said output 
circuit. - 

OTO BENKLER. 


