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5 Claims. (C. 19-11) 
This invention relates to circuits for relaying 

Or amplifying direct or alternating current en 
ergy by means of vacuum tube devices. In the 
Case of alternating current, the invention relates 
especially, but not exclusively, to circuits de 
signed to give a periodic amplification, that is, 
amplification which is independent of the fre 
quency of the applied signal and which circuits 
can be employed for the amplification of slowly 
varying potentials if desired. 
The invention also relates to means whereby 

the control grid of a vacuum electric tube may 
be operated at a highly positive potential even 
greater than that of the anode. 

It is ordinarily necessary for the control grids 
of Vacuum tubes to be operated at a negative 
potential With respect to the cathode. They inay 
in Some cases be operated at a slight positive po 
tential but in any event at a potential which does 
not approach that of the anode, with the result 
that When two or more tubes are operated in cas 
cade it is necessary to use inductive or capacita 
tive coupling from the anode of one device to 
the grid of the succeeding device, or alternatively 
to provide biasing means between one tube and 
the next, either by a bias battery, for example, 
between the anode of one tube and the grid of the 
next, or by a bias battery between the cathode 
of One tube and the cathode of the Succeeding 
tube. Circuits employing capacitative or induc 
tive Coupling means are not Suitable for the 
amplification of slowly Varying Signals Or of di 
rect current, while circuits employing biasing 
means are difficult to adjust and maintain in ad 
justment. 
According to the present invention the improved 

tube comprises a cathode, a control grid to which 
the signal to be amplified is applied, an anode 
and an additional grid disposed between said con 

40. trol grid and the anode, Said additional grid be 
ing connected to a fixed Source of potential, pref 
erably zero or negative. Preferably such addi 
tional grid is connected to the cathode. 
In One known tube construction three grids are 

interposed between the cathode and the anode, 
and the grid adjacent to the anode is connected 
to the cathode. In certain applications of the 
present invention, a tube of this known type may 
be employed, in which case the intermediate 
grid is employed as the control grid and the grid 

adjacent to the cathode may be employed for 
other purposes, for example, as a space charge 
grid Or as an additional grid for detection of 
modulated radio frequency signals. 
The invention also comprises an amplifying cir 

cuit of the kind specified comprising two or more 
CaScade coupled thermionic devices in which the 
output circuit of one tube is in direct electrical 
connection. With the control grid of the succeed 
ing tube wherein a further grid is disposed be 
tween Said control grid and the anode and con 
nected to a source of low or zero or negative 
potential and preferably to the cathode. En Such 
a circuit, a resistance may be provided in the 
anode circuit of the output tube with a con 
nection therefron to the control grid of the pre 
Ceding tube for providing regeneration. 
The invention also comprises an amplifying 

circuit of the kind Specified having two tubes 
arranged in push-pull relation, wherein each tube 
contains at least two grids of which the grid 
adjacent the anode is connected to a source of 
low or Zero or negative potential, While means 
are provided for Supplying the grids adjacent 
the first-mentioned grids with positive potential 
and a varying potential having a phase opposite 
to that of the respective anodes and preferably 
equal to each other So as to provide regeneration. 
Said varying potentials may be obtained from the 
potential drops a CrOSS a resistance. In this cir 
cuit tubes containing five electrodes may be em 
ployed and the input or signal Voltage may be 
applied to the grid of one tube which grid is 
adjacent the cathode or the signal may be bi 
Sected and applied to the grids adjacent the re 
spective cathodes of both tubes. The circuit just 
above set forth may embody means for applying 
a modulated radio-frequency to the grids and 
means for demodulating said frequency. 
To enable the invention to be clearly under 

stood it Will noW be described With reference to the 
accompanying dra Wing, the figures of Which 
show amplifying circuits embodying the pres 
ent invention. 
In One application of the invention as shown 

in Fig. 1, two 4-electrode tubes 15 and 16 are emi 
ployed, the Outer grids of which are connected to 
the cathodes as hereinbefore described and the 
coupling impedances consist of anode resistances 
17 and 18. Regeneration. Or feed-back is intro 
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2 
duced by connecting the grid of the first tube i5 
to a tap 19 On the anode l'esistance of the Second 
tube 16. As the tap is moved nearer to the anode 
of the Second tube, the regeneration and ampli 
fication inay be increased until the System be 
COInes unstable. When regeneration is SO great 
as to cause instability, the circuit may be em 
ployed as a negative resistance device for pro 
ducing OScillations or for compensating for the 
resistance in other circuits coupled thereto. Winen 
the circuit is employed as a negative resistance 
device, the negative itesistance effect is obtained 
acroSS the terminals 20. The circuit may be en 
ployed in a variety of WayS. For example, a tuned 
circuit comprising a condenser and inductance 
in parallel may be connected across the terminal 
points just mentioined whereby OScillation will be 
generated in Said tulined circuit. When the device 
is to be used as an amplifier the Signals to be 
amplified may be applied to the terminal points 
and the resulting amplified signals taken from 
the terminals 21. A disadvantage of the arrange 
ment, just described is that the device has a low 
input resistance. This may be overcome by using 
5-electrode (pentode) tubes employed as shown 
in Fig. 2. 
The anodes of the two tubeS 22 and 23 are Con 

nected to the extremities of a centre tapped re 
Sistance 24, the centre point of this resistance be 
ing joined to the cathode through a battery Or 
other high tension source 25. The intermediate 
grids of the tubes are connected to Sliders 26 and 
27 which are preferably adjusted to be equidis 
tant from the centre tap of the aforesaid resistance. 
Such taps provide regeneration in the circuit and 
as they are moved away from the centre the re 
generation in the circuit is increased until insta 
bility ensues. The applied Signals may be intro 
duced across the two innermost grids 28 and 29 
of the two tubes by means of a centre tapped in 
pedance such as the transformer Secondary 30 
connected to such grids and to the cathodes. 
When it is inconvenient to connect a centre tapped 
impedance across the grids as above described, as 
for example, when the impedance is resistive and 
the circuit is employed for amplifying slowly 
varying signals, the signals may be applied be 
tween the innermost grid 29 of one of the tubes 
and the cathode. In this case, the innermost grid 
28 of the other tube can either be connected to the 
cathode or to the negative terminal of any bias 
ing battery employed at 31 between the imped 
ance connected between said input grid and the 
Cathode. - 

In a further example shown in Fig. 3, using two 
5-electrode tubes in which the circuit is used for 
the detection and amplification of modulated ira 
dio frequency signals, the anodes of the tubes 33 
and 34 are connected to the extremities of the 
primary Winding 32 of an OUtput transforinner, the 
Winding 32 having a centre tap connected to the 
cathode through the high tension Source 35 while 
the secondary winding of such transformer may 
be connected to a loud Speaker. A resistance 36 
is also connected acroSS the two anodes and the 
two intermediate grids of the tubes are connected 
to taps On this resistance, equally spaced from 
the electrical centre but on opposite sides. Radio 
frequency signals are received in a tuned circuit 
37 one end of Which is connected to the cathodes 
and the other through a condenser 38 and a leak 
resistance 39 to the grid adjacent to the cathode 
of the tube 33, thus providing an arrangement 
which gives cumulative grid detection. The grid 
adjacent to a cathode of the other tube 34 is 

1,953,775 
cCrinected to the cathode. When 'anode-bend' 
detection is used the return lead from the tuned 
circuit 37 is connected to a negative bias battery 
in which case the grid adjacent to the cathode 
of the other tube is connected to the same bias 
to provide Syminetry. In order to provide as much 
regeneration as possible without producing an 
audio frequency resonance or without producing 
inStability, the loud speaker should be so chosen 
that, as far as p0SSible the load is resistive. It is 
obvious that the resistance 36 may be dispensed 
With and the intermediate grids of the two tubes 
be connected to equally Spaced taps on the centre 
tapped primary 32 of the output transformer. 
In 4-electrode tubes in proved in accordance 

with this invention the grid adjacent to the anode 
may be connected to a negative potential if de 
sired, but in the preferred method it is connected 
to the cathode by means of a connection inside 
the envelope or inside the cap of the tube. 

It is obvious that two or more complete sets of 
electrodes with or without the coupling resistances 
may be mounted within One envelope, and this 
invention facilitates the manufacture of Such 
imulti-stage tubes since the necessity for coupling 
condensers between the anode of one electrode 
system and the grid of a Succeeding electrode Sys 
ten is eliminated. 
What I claim as new and desire to Secure by 

Letters Fatent of the United States, is:- 
1. An amplifying System comprising a plural 

ity of coupled amplifiers, each containing an an 
ode, a cathode, and a control member, the cou 
pling consisting of an equipotential conductor 
connected between the anode of One tube and 
the control member of a Succeeding tube, and 
means for energizing the System, said means 
comprising a source of electromotive force con 
Inected to each of the anodes respectively through 
resistances, and a connection between one of Said 
resistances and the control member of a preced 
ing amplifier. 

2. An amplifying System comprising a plurality 
of coupled amplifiers, each of which includes a 
cathode, an anode, a control grid and a second 
grid interposed between the control grid and the 
anode and connected to the said cathode, the 
coupling between amplifiers consisting of an 
equipotential conductor connected between the 
anode of one amplifier and the control member 
of the succeeding amplifier, said amplifiers be 
ing energized by a COmnOn. Source of electrono 
tive force through resistances connected respec 
tively to each of the anodes, and a connection 
between one of Said resistances and the control 
grid of a preceding amplifier. 

3. An amplifying System comprising a plural 
ity of thermionic devices arranged in push-pull 
relation, each of Said devices including a cath-. 
ode, an anode, a control grid, and two grids be 
tween the control grid and the anode, the grid 
nearest the anode being connected directly to 
the cathode, means for energizing the systern and 
for Supplying the grid adjacent to the control 
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grid with positive potential and also with a vary-140 
ing potential having a phase opposite to that of 
its respective anode Whereby regeneration is pro 
duced in the System. 

4. An amplifying System comprising a pair of 
thermionic devices, each of said devices includ 
ing a cathode, an anode, a control grid and two 
grids between the control grid and the anode, 
the grid nearest the anode in both tubes being 
connected directly to the respective cathodes, the 
control grid of one of Said tubes being also con 
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nected to the cathode, means for energizing the 
System and for Supplying the grids adjacent the 
respective control grids with a varying potential 
having a phase opposite to that of its respective 
anode whereby regeneration is produced in the 
system. 

5. An amplifying System comprising a pair of 
thermionic devices, each of said devices includ 
ing a cathode, an anode, a control grid and two 
grids between the control grid and the anode, the 

grid nearest the anode in both tubes being con 
nected directly to the respective cathodes, the 
control grid of one of said tubes being also con 
nected to the cathode, means for energizing the 
System, and a connection between the anode of 
One tube and the grid adjacent the control grid 
of the other tube, Said connection including an 
impedance. 

ERNEST YEOMAN ROBINSON. 
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