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This invention relates to improvements 
'in thermionic ampli?ers of electrical oscil 
lations. ' . 

According‘to this invention I employ a 
5 thermionic device or valve having more than 
three electrodes in such a way that with 
one valve I can obtain both recti?cation 
and ampli?cation or multiple ampli?cation 
with or without recti?cation. 
According to one form of my invention 

I employ a valve having in it a ?lament, a 
grid next to or surrounding the ?lament, 
‘a second grid beyond the ?rst and a plate 
or anode beyond the second grid; I connect 

15 the second grid through one winding of a 
transformer to the positive pole of a battery, 
the negative pole of which is connected to 
the ?lament, I connect the plate through the 
second winding of the transformer to the 

20 ?lament and I connect the circuit in which 
are the oscillations to be magni?ed to the 
?rst gridand ?lament. With this arrange 

10 

ment oscillations in the ?rst grid-?lament’ 
circuit are ampli?ed in the second grid 

25 ?lament circuit and the second grid and 
plate act as a recti?er. 
My invention is illustrated in the accom 

panying drawings, in which Figs. 1 to 7 
are diagrammatic representations of cir 
cuits containing a valve having two grids 
for carrying out the invention; Fig. 8 is 
a curve showing the vgrid voltage-plate cur 
rent characteristic of a thermionic device; 
Figs. 9 and 10 are modi?cations using tubes 

35 having three grids; Fig. 11 is a modi?cation 
using a ?ve grid tube; Fig. 12 is a modi?ca 

30 

tion using a four grid tube; and Fig. 13 is, 
a modi?cation using a six grid tube. 
In the arrangement shown in Figure 1 

4O 
nating current may be introduced is con 
nected as shown to the ?rst grid G1 and to, 
say, the negative end of the ?lament heating 
battery Z). ' 
A high frequency transformer T t has its 

primary winding T connected to the second 
grid G2 and to a high tension battery B. 
The plate P is connected through the 

secondary t to a point on the battery I; 
50 near its negative end and a potentiometer D 

a circuit 0 into which high frequency alter? 

is inserted in that connection. The current 
voltage curve between the current in D t P 
and the voltage applied by D is of the well 
known saturation‘ rectifying shape with two 
rectifying points a and 1) near the upper 
and lower knees of the curve shown in Fig. 
8. Thus the magni?ed currents can be rec 
ti?ed by appropriate adjustment of the po 
tentiometer D. and I can insert a telephone 
attachment C H J in series with the trans 
former secondary t. ,' 
By the use of the potentiometer D either 

a rectifying point or a midway point may 
be used, say, to produce any of the well 
known effects. 
When the plate P takes electrons there 

will be a drop in the current in the circuit G2 
T B seeing that the emission current from the 
?lament is not essentially influenced by the 
fact of electrons reaching P or from failure 
so to do. The telephone connection may 
therefore be made in the circuit G2 T F as 
shown in Figure 2 and this will give as good 
results as the arrangement shown in Figure 
1, in fact slightly better owin to the fact 
that the circuit F G1 G2 itsel? is a partial 
recti?er, and this recti?cation is added to 
that produced by the second grid and plate. 
The connections are arranged so that these 
effects are additive. 
By an arrangement such as is shown in 

Figure 3 with a high resistance R in the 
plate-?lament and second grid-?lament cir 
cuits, I can avoid the use of the transformer 
T t. The currents in the circuit G2 R F will 
cause differences of potential between the 
ends of the high resistance R and these dif 
ferences combining with the potential of 
the part of battery B, which is included in 
the circuit P B R F, will give such a result 
ing potential on plate P as to giverise to 
low frequency currents in that circuit and 
these currents can be detected in a telephone 
attached at the point M. The plate circuit 
and the second grid (G2) circuit are thus 
coupled through the resistance B; Low fre 
quency currents will also be caused in the 
circuit G2 R F, so that a telephone attach 
ment can be inserted at the point N in place 
of at the point M. 
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In addition to this recti?cation a. further 
improvement can be made b taking the re. 
sulting musical note obtaine by recti?cation > 
of the high frequency and retransmitting 
this through the valve circuit for magmhcw 
tion. Figure 4 shows this circuit in which 
K can be a choke coil or a resistance. Or K 
ma be arranged as a transformer as shown 
in 4‘igure 5 so that the potentiometer D may 
be used'to adjust the potential of P. vThese 
circuits are useful in slightly different cir 
cumstances, e. g. for recording signals or 
'relay working, and in this connection the 
transformer is usually replaced by a‘ resist 
ance R, the telephone being replaced by a‘ 
relay 1' and usually 0 and T t will be trans 
formers for low frequency, although tl’llSiS' 
not necessary (see Figure 6). 
- Also K can be replaced by the contacts of 
the relay. This is shown in Figure 7 where 
the action is somewhat as follows 2 
A low frequency alternating current en 

ters at O, is magni?ed to the low frequency 
transformer T and recti?ed by P. The recti 
?ed current, i. e. a negative charge, then 
charges condenser K and consequently grid 
G1. This has the effect of reducing or stop 
ping the current ?owing through the relay 1''. 
The contact on the left is then closed be 
cause the relay becomes demagnetized, K 
is discharged and then the relay comes into 
action again and opens the ‘contact on the 
left. The contact on the right is used for 
working any other apparatus desired. 
In another form of my invention I em 

ploy a series of grids and I couple the sec 
ond to the third by a transformer and if 
there be more thanthree grids I couple also 
the fourth grid to the ?fth by a transformer, 
the second grid and the fourth grid also be 
ing given a positive potential with relation 
to the ?lament. 
In Figure 9 the circuit 0 is coupled 

through a transformer Q to the ?rst grid 
G1; the second grid G2 is connected to the 
positive pole of B and is coupled by a trans 
former Q1 to the third grid G3, while P is 
connected to G2 and is coupled to an output 
circuit S. 
This arrangement may be operated in 

various ways. The grid G’ may be operated 
on the‘ slope of the characteristic curve to 
obtain ampli?cation without substantial 
recti?cation. The currents of the input cir 
cuit F, Q, G1, are amplifed in the output 
circuit F, B, Q’, G2. A second ampli?ca 
tion may be obtained‘ with or without recti 
?cation, depending on whether the grid G3 
is operated on the knee or the slope of the 
curve, by the effect of the current in the 
input circuit F, Q’, G3, on the output cir 
cuit F, B, Q2, P. The output of circuit G 
may then be rectified if this‘ has not been 
done by means of a valve V and the output 
of this valve twice ampli?ed in the ?rst valve 
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by feeding the recti?ed current back to the 
?rst valve. 
Figure 10 shows the use of avalve with three 

grids, but the magni?cation takes place baek- _ 
wards. The circuit 0 being coupled through 
transformer Q3 to the grid G3 nearest 
to the plate P which is coupled through 
transformer Q4 to grid G1. Grid G2 which 
is connected to the battery B -is coupled 
through transformer Q5 to the output cir 
cuit S. The circuit of Fig. 10 operates in a 
similar manner to Fig. 9, but in the reverse 
direction. The input at 0 into circuit F, 
Q3, G3,. modi?es the current of the output 
circuit F, B, Q4, P. The input circuit F, 
Q4, G" coupled to F, B, Q4, P, similarly 
modi?es the currents of the output circuit 
F, B, Q5, G2, which is coupled to circuit S. 
In Fig. 11 a ?ve grid modi?cation similar 
to Fig. 9 is shown in which the additional 
grid G4 is connected to battery B and cou 
pled‘ through transformer ,Q to grid G5, 
which is connected to the ?lament. . 
To the three'grid modi?cation connected 

substantially as in Fig. 9, I may add recti 
?cation to the magni?cation processes as in 
Figs. 1 to 5, by adding a rid G4; as illus 
trated in Fig. 12 the grid 4 is connected as 
in Fig. 1 to the battery B through the coil 
T of transformer T t. The plate P is con 
nected through coil 25, telephone attachment 
G H J, and potentiometer D to the ?lament. 
Figure 13 shows an arrangement some 

what similar to that of Figure 10, but with 
an even number of grids. Here magni?ca 
tion takes place backwards andthere is recti 
?cation. The six grids G1, G2, G3, G4,. G5. 
G6, and plate P are connected as follows: 
G1, G3, G5, and plate P to the ?lament, and 
G2, G4, and G6 to'the battery B. Input cir 
cuit O is coupled through transformer Q6 to 
G5; G6 to G3 through transformer Q7; G4 
to G1, through transformer Q8, and G2 to 
the plate circuit P, which contains the tele- . 
phone circuit C H J, through transformer 
Q9. The operation is similar to Fig. 1 but 
adds further stages of ampli?cation. The 
input to G5 is ampli?ed in F, G6; the input 
of F, 3, ‘which is coupled to F, G6, is ampli 
?ed in F. G4; the input of F. G]. is ampli?ed 
in F, G2, and the output of F, G2, is recti?ed 
in the plate circuit F, P. 
Magni?cation forward through the valve 

with an even number of grids is not shown 
as this follows from Figure 7. Also ar 
rangements giving double magni?cation can 
be made as described above with reference to 
two grid valves. - 
lVhat I claim'isz 
1. The method of obtaining ampli?cation 

of electric oscillations in a single tube which 
consists in impressing the oscillations be 
tween one electrode and a cathode of a ther~ 
m-ionic device causing said impressed os 
cillations to in?uence the electronic ?ow to 
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a second electrode having a relatively high 
potential with respect to said cathode and 
‘inductively coupling said second electrode 

' to a third electrode to produce ampli?ed 
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oscillations. . , 

2. The method of obtaining ampli?cation 
of electric oscillations in a single tube‘which 
consists in impressing oscillations across a 
cathode and an electrode, causing said os 
cillations to in?uence the electronic ?ow to 
a second electrode, and inductively coupling 
said electrode so as to impress said oscilla 
tions between a third electrode and said 
cathode to produce ampli?ed oscillations. 

3. The method of obtaining ampli?cation 
of electric oscillations with a single tube 
which consists in impressing the oscil 
lations on. the cathode electrode circuit, caus— ' 
ing said oscillations to in?uence ‘the elec 
tronic ?ow in the cathode plate electrode 
circuit, inductively coupling said cathode 
plate circuit to cause the variable currents 
due to the in?uenced electronic ?ow to'react 
on another circuit containing said cathode 
and a third electrode to produce ampli?ed 
oscillations. ' 

4. The method as de?ned in claim 3 fur 
ther characterized by causing the ampli?ed 
currents from the plate‘ cathode circuit to 
react on a fourth electrode to produce fur 
ther ampli?cation and then rectifying the 
last mentioned currents. _ 

-5. The method of obtaining ampli?cation 
of electric oscillations within a single'ther 
mionie tube having in it an electron emitting 
cathode and a plurality of cold electrodes, 
which consists, in successively impressing 
oscillations on different cold electrodes, in 
causing the oscillations impressed to influ 
ence the electronic ?ow to other'co‘ld elec 
trodes, and in successively amplifying the 
oscillations in said tube through a plurality 
of ampli?cation steps. _ _ 

6. An ampli?er comprising a ‘tube, said 
tube enclosing a cathode, a plurality of con 
trol electrodes, and a plate electrode, and 
means for coupling the plate cathode circuit 

' to alternate control electrodes and the oath 
ode member successively to produce ampli 
?cation through said coupling. 

7. An ampli?er comprising a cathode, a 
plate, a plurality of cold electrodes posi 
tioned between said cathode and plate, said 
electrodes bein arranged to serve alternate; 
ly as input and output electrodes, and cou 
pling means for connecting ,each output 
electrode circuit to each succeeding input 
electrode circuit in cascade. _ 

8. An am li?er comprising a tube enclos 
ing a catho e, an anode, and a plurality of 
cold electrodes positioned between said an 
ode and cathode, said electrodes being ar 
ranged to serve alternately as input and 
output electrodes and coupling means for 
connecting the output circuit of said tube 

3 

to said cathode and teach‘ i'succeedin'g con 
trolling electrode in a manner to cause am 
pli?cation. 

9. An ampli?er for electrical oscillations, 
comprising a bulb enclosing an electron 
emitting ‘cathode, an anode, and a lurality 
of cold electrodes between said catlibde and 
anode, means for applying oscillations to 
one of the cold electrodes, means for coup 
ling two of the other cold electrodes to 
gether, and means for coupling a second 
pair of said cold electrodes together, said 
couplings being adapted to provide a plu 
gallilgy of amplifying I circuits within said 
u . - 

' 10. An ampli?er for electrical oscillations 
comprising a bulb, an electron emitting 
cathode, and a lurality of cold electrodes 
therein, means or applying oscillations to 
one of the cold electrodes, means for induc 
tively‘coupling two of the other vcold elec 
trodes together, means for coupling'a sec 
ond pair of said cold electrodes together, and 
a receiver associated with one of the cold 
electrodes. 

11. An ampli?er for electrical oscillations 
comprising a bulb‘, an electron emitting 
cathode, and a plurality of cold electrodes 
including an intermediate electrode therein 
said electrodes being spaced at different dis 
tances from said cathode, a battery having 
one end connected to the cathode and the 
other connected to- said intermediate cold 
electrode, the cold electrodes adjacent to 
said intermediate electrode each being con 
nected to the cathode through a coupling 
coil adapted to couple said electrode to the 
preceding electrode. 

12. An ampli?er for electrical oscillations 
comprising a bulb, an electron emitting 
cathode, and a plurality of cold electrodes 
including an intermediate electrode therein, 
a battery having one end connected to the 
cathode and the other connected‘to an inter- . 
mediate cold electrode, the cold electrodes 
adjacent to said intermediate electrode each 
being connected to the cathode through a 
separate coupling coil, one of said coils be 
ing coupled to the intermediate cold elec 
trode. ' v 

13. In combination in a high frequency 
receiving system of an electron discharge 
tube having cathode, control grid and anode 
electrodes, a plurality ‘of auxiliary electrodes 
disposed between the control grid and the 
anode. electrode, said auxiliary electrodes 
being biased to different potentials. 

14:. In combination in a high frequency 
receiving circuit system, ' an electron dis 
charge tube having cathode, control grid 
and anode electrodes, two auxiliary elec 
trodes disposed between said control grid 
and the anode electrode, and one "of said 
auxiliary electrodes‘ being connected to said 
cathode. " 
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- ‘ ‘15. In a receiving circuit, a discharge tube 
provided with cathode, control grid and 
anode electrodes, two auxiliary electrodes . 
disposed between said control grid and the 
anode elect-rode, one of said auxiliary elec 
trodes being adjacent the anode and elec 
tricallv connected to the cathode. 

16. In combination, in an electrical cir 
cuit, an electron discharge tube having a’ 
cathode and an anode, a control electrode 
connected to the cathode, an auxiliary elec 
trode disposed, between said control elec 
trode and said anode and having a poten_ 
tial relatively higher than that of the 
cathode, and an additional electrode dis 
posed between said auxiliary electrode and 
said anode, said additional electrode being 
electrically connected to said cathode. 

17. In combination, in an electrical cir 
cuit, an electron discharge tube having a 
cathode and an anode, a control electrode 
connected to the cathode, an auxiliary elec 

‘ trode disposed between said control elec 
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trode and said anode and having a potential 
relatively higher thanv that of the cathode, 
and an additional electrode disposed between 
said auxiliary electrode and said anode, 
said additional electrode being electrically 
connected to said cathode, and having a 
direct current potential lower than the direct 
current potential of the anode. 

18. In combination, in an electrical cir-v 
cuit, an electron discharge tube having a ' 
cathode and an anode, a control electrode 
connected to the cathode, an auxiliary elec 
trode disposed between said control elect-rode 
and said anode and having a potential rela 
tively higher than that of the cathode, and 
an additional electrode disposed between said 
auxiliary electrode and said anode, said‘ad 
ditional electrode being electrically connect 
ed to said cathode, and having a direct cur 
rent potential lower than the direct current 
potential in the anode and auxiliary elec 
trode. - 

19. In a space discharge device in com 
bination, a cathode and a control electrode 
both connected to an‘ input circuit, an anode 
connected to an output circuit, an auxiliary 
electrode disposed between said control elec 
trode and said anode, the potential of said 
auxiliary electrode being relatively more pos 
itive than that of the cathode, and an addi 
tional electrode disposed between the auxil 
iary electrode and the anode and being di 
rectly connected to the cathode. 

20. An ampli?er for electrical oscillations 
comprising an evacuated envelope, said en 
velope containing an electron emitting cath 
ode, an anode and a control electrode, an 
auxiliary electrode disposed between said 
control electrode and said anode, and an ad 
ditional electrode disposed between said 
anode and said control electrode, said addi- ' 
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: tional electrode being directly connected to 
vsaid cathode. ‘ 

21. An ampli?er for electrical oscillations 
comprising an evacuated envelope, an elec 
tron emitting cathode disposed therein, an 
anode, and at least three additional elec 
trodes disposed in‘ said envelope between 
said cathode and anode, one of said addi 
tional electrodes being a control electrode, 
and the remaining additional electrodes 
being disposed between said control elec 
trode and said anode. - 

22. In combination in a discharge tube 
having cathode, control electrode and anode 
electrodes, two auxiliary electrodes disposed 
between the control grid and the anode elec 
trode, the auxiliary electrode adjacent the 
cathode having a direct current potential not 
exceeding that of the anodeiq'afnd the other 
auxiliary electrode being directly connected 
to the cathode. 

23. In combination with an electron dis 
charge tube having cathode, control grid and 
anode electrodes, two auxiliary electrodes 
disposed between the control grid and the 
anode electrode, one of the auxiliary elec 
trodes being adjacent the control electrode 
and having a potential substantially equal to 
that of'the anode electrode, and the other 
auxiliary electrode being adjacent the anode 

. and having a potential substantially equal to 
that of the cathode. ' 

24. In combination with an electron dis 
charge tube havin cathode, control grid 
and anode electro es, two auxiliary elec-‘ 
trodes disposed between the control grid and 
the anodeelectrode, one of the auxiliary elec 
trodes being adjacent the control electrode 
and having a potential substantially .equal 
to that of the anode electrode, and the other 
auxiliary electrode being adjacent the anode 
and having a potential substantially, equal to 
that of the cathode, said last mentioned aux 
ihary electrode being directly connected to 
the cathode. ' 

In testimony-that I claim the foregoing 
as my invention I have signed my name this 
twelfth day of August A. D. 1920. 

V HENRY JOSEPH ROUND. 
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