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5 (Claims. 

An object of this invention is to provide an 
amplifier arrangement in which the damping of 
a load circuit connected in or coupled to the 
anode circuit may be fully or partly compen 
Sated for, preferably by the use of a certain type 
of vacuum tube as a negative resistance. 
A further object is to provide an amplifier ar 

rangement in which the degree of amplification 
and the amount of damping compensation ap 
plied are independent of each other and may be 
independently controlled. - 
A Still further object is to provide an amplify 

ing tube and arrangement in which the same 
tube not only Serves as amplifier but has ele 
ments arranged therein to provide the desired 
negative resistance effect in the load circuit. 
Further objects of the invention will become ap 
parent to those skilled in the art as the descrip 
tion thereof proceeds. For a better understand 
ing of the invention, however, reference is made 
to the accompanying drawings in which, 

Figure 1 shows schematically the general am 
plifying arrangement according to the inven 
tion; - 

Figure 2 shows an amplifier providing negative 
resistance by a feed-back method; 

Figures 3 and 4 show amplifiers in Which the 
negative resistance is provided by elements in 
the amplifying tube; 

Figure 5 shows a tube arrangement for pro 
viding the negative resistance effect desired ac 
cording to our invention; and 

Figure 6 shows an embodiment of our inven 
tion as applied to an automatic volume control 

33 system. 
The damping of a useful impedance placed in 

the anode circuit of an amplifier tube stage such 
as an Osciliatory circuit, influences the Selectiv 

The Selectivity can be in 

that it represents a negative impedance thus ef 
fecting a total or partial damping reduction in 
the load circuit. Besides the ordinary back cou 
pling circuits, in particular, Screen grid tubes of 
special construction are considered for this pur 
pose having a perforated anode and also an 
auxiliary grid and auxiliary anode disposed in 
back of the anode. Either by means of space 
charge concentration or by means of dynamic 
back coupling this auxiliary grid may be utilized 

In 
all these cases however, the value of the negative 
for producing a negative inner impedance. 

inner impedance is dependent upon the bias of 
the control grid. This signifies that at a change 
of the degree of amplification of a tube, obtained 
for instance by displacing the Working point 
upon the characteristic Curve by Selecting a cor 
responding grid bias, the damping reduction of 
the anode, circuit and thus the selectivity will 
also be subject to change. The present inven 

(C. 179-171) 
tion provides a circuit and several elements Suit 
able for carrying out the same in which the 
degree of amplification and the damping reduc 
tion of air amplifier stage can be regulated en 
tirely independent of each other. 
The fundamental idea of this solution will be 

noted from Figure 1 in which designates an 
ordinary screen grid tube having a positive inner 
impedance, 2 represents a load circuit involving 
losses and shown as comprising an inductance 

and capacity which may be tuned to a 
desired frequency and numeral 3 represents a 
negative impedance connected in parallel there 
to. In place of 3 a back coupled electron tube 
can be used in the simplest case as shown in Fig 
lure 2 for a circuit including tWO Screen grid 
tubes. ... At the left is indicated a receiver alm 
plifying tube 2 the amplification of which de 
pends on the Working point. Of the characteristic 
and thus on the control grid 3 biasing potential 
which may be an adjustable battery source 4. 
The right hand tube is back coupled and Serves 
for the damping reduction of the connected cir 
cuit - 0, fl. and consequently for increasing the 
selectivity of the receiver. 

It will be noted that the cathodes, screen grids 
and anodes of tubes 2 and fS have the same 
potential and this condition can be made use 
ful by structurally combining the two tubes with 
in the same bulb. However, care must be taken 
that the two grids 3 and 6 are not relatively 
disturbed in their function and that the control 
of the electron currents takes place independent 
of each other. 
A. Suitable tube structure is Schematically rep 

resented in Figure 3. The action of the two con 
trol grids 3, 6 is separated to a full extent by 
means of the T-shaped screen grid 7, the body 
18 of the T extending between the grids. In 
another embodiment, the same problem can be 
solved by selecting the grids for the various pur 
poses. i. e., the Supporting columns thereof of the 
same length as that of the cathode but shaping 
the two halves, as conditions may require, differ 
ently from each other (for instance by changing 
the pitch of the grid winding, or omitting the 
same entirely) so as to control the different parts 
of the current path or electron stream from the 
common cathode in Various manners. In this 
manner a three grid tube according to Figure 4 
is obtained, the structure of which can be pro 
duced in a simpler manner than the electrode 
system of Figure 3. The width of the meshes of 
the first grid 3 and third grid 6 is extremely 
varied in the direction of the length of the cathode 
so that the closely wound portion only of the grid 
has a controlling action. As can be readily seen 
the left half of the tube operates as screen grid 
tube, whereas the right half functions as space 
charge grid tube. In Fig. 4 the negative resist 
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2 
ance is obtained the same as in Fig. 2 in the ana 
lytic sense. The simplification afforded by Fig. 4 
obtains by so combining tubes 2 and 5 that the 
single tube in Fig. 4 contains a third grid 6 so 
disposed that back coupling to it results in a nega 
tive resistance across the tuned plate circuit; that 
is, Fig. 4 can be electrically substituted for Fig. 2 
by simply adding another grid in the tube. 
In Fig. 4 the control grid 3 may have its bias 

controlled to regulate the amplification, just as 
the grid 3 of Fig. 2 may be controlled for the 
same purpose. The grid 6 is so disposed spacially 
and its half towards the left has such a wide 
mesh as to render the electronic action of grids 
3 and 6 substantially independent of each other. 
The screen grid 7 being located between them 
also assists in preventing reaction between them. 
As previously pointed out other effects may also 

be utilized for producing the negative impedance. 
Also in these cases there exists the possibility 
of a simple structure in the form of multi-grid 
tubes having electrodes extending therethrough 
the shape of which varies along the length of 
cathode. 

Figure 5 for instance, shows a tube the left half 
of which serves as an ordinary screen grid tube 
for the amplification of radio frequency energy. 
The right hand part of the anode 20 is perforated 
and a further electrode 2 is disposed in back of 
the anode and placed at a higher potential than 
the latter thereby receiving the secondary elec 
trons from the anode. Due to the Secondary emis 
Sion a dynatron effect with falling characteristic 
and thus a damping reduction of the load circuit 
o, is obtained. 
In other Words the right half of the anode forms 

With the Cathode a negative resistance which is 
shunted across the load circuit. As shown the 
screen grid 7 which screens the control grid from 
the anode may have a potential of about 50 volts 
applied to it, the anode 20 about 100 volts and the 
outermost electrode 2 about 150 volts. As shown 
the left hand half of 2 opposite the solid portion 
of 20 may be cut away or perforated. 
Arrangements of the above described type can 

be used with particular advantage in receiver 
circuits in which a regulation of the amplifica 
tion is carried out automatically for the purpose 
of eliminating fading effects. 

Figure 6 shows such an embodiment by way of 
example. Numeral designates herein a combi 
nation tube the left half of which operates as a 
screen grid tube amplifying the signal oscillations 
Supplied by the antenna, 2 and supplying the same 
to the grid circuit of the rectifier tube 3. The 
right half of tube functions as a space charge 
grid tube and is back coupled by means of coil 4 
to inductance 5 inserted in the common anode 
circuit. The damping reduction of the anode cir 
cuit and thus also the selectivity of the stage is 
thereby entirely independent of the control grid 
3 circuit of tube . In the anode circuit of recti 

fier 3 a resistance is placed in Series with the 
audio-frequency transformer 6. The direct volt 
age drop produced in this resistance provides the 
grid bias of the control grid 3 of tube and 
thereby regulates the degree of amplification of 
this tube. Condenser 8 serves as a short circuit 
path for the high-frequency and determines at 
the same time the time constant of the volume 
control performance. In order to avoid, due to 
the regulation of the amplification, distortion as 
well as change of selectivity, the left half of the 

2,105,08i 
tube f is to be constructed as screen grid tube 
with a logarithmic characteristic so that the 
inner resistance of this electron current path 
assumes a constant positive value. This may be 
secured by a variable spacing between the succes 
Sive turns of the grid Wire. 
We cairn: 
1. An amplifying arrangement comprising a 

vacuum tube having a cathode, a control grid, 
an anode and a screen grid located between said 
control grid and anode, an input circuit connect 
ing said cathode and control grid, a circuit con 
necting Said cathode and anode including a res 
onant circuit comprising a coil and condenser 
connected in parallel, means for applying a high 
positive potential to said screen grid, means for 
causing at least a portion of the electron path 
between Cathode and anode to form a negative 
resistance connected in shunt with said resonant 
circuit comprising a Second control grid and 
means coupling Said last named grid to the circuit 
connecting said cathode and anode to thereby 
control the value of Said negative resistance. 

2. In an amplifying device, the combination of 
a vacuum tube having a cathode, an anode, a 
control grid located between said anode and cath 
Ode and constructed so as to control the electron 
current between one-half only of said cathode 
and anode, a second grid located between said 
anode and cathode and constructed SO as to con 
trol the electron current between the other half 
Only of Said cathode and anode, means for Varying 
the voltage of Said control grid in accordance 
With a desired signal frequency, an output circuit 
connected to Said anode and cathode, and means 
for varying the voltage of said Second grid. 

3. The combination defined in claim 2 in which 
a screen grid is located between said control grid 
and second grid and means for applying a steady 
positive potential to said screen grid. 

4. An amplifying arrangement comprising a 
vacuum tube having a cathode, a control grid 
arranged parallel to said cathode and an anode, 
an input circuit connecting Said control grid and 
cathode, an Output circuit connecting Said cath 
ode and anode, a Second grid between said control 
grid and anode and arranged Substantially paral 
lel to said control grid, Said control grid having 
a Wire of fine mesh at One end of said cathode 
and of coarse mesh at the Opposite end thereof 
and said second grid having a wire of coarse 
mesh at said one end of Said cathode and of fine 
mesh at the opposite end thereof and means 
coupling Said output circuit to Said second grid. 

5. In an amplifying arrangement, the combina 
tion of a vacuum tube having a cathode, a con 
trol grid and an anode, an input circuit connect 
ing said control grid and cathode, a second grid 
located between said control grid and anode, said 
Second grid being constructed and arranged to 
control the electron stream from one end only 
of said cathode and said control grid being con 
structed and arranged to control the electron 
stream from the other end only of said cathode, 
means connected to said second grid for varying 
its potential at a high frequency, a screen grid 
located between said control grid and said second 
grid, means for applying a high positive potential 
to Said Screen grid and an output circuit con 
nected between said anode and cathode. 

GUNTHER JOBST. 
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