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My present invention relates to electron 
discharge devices and the manner in which 
such devices may be conveniently operated. 
The object of my invention is to provide 

an electron discharge device and a circuit 
arrangement therefor whereby it will be pos 
sible to supply all potentials for the opera 
tion of the device from an alternating cur 
rent source. 
It has been customary in the past when it 

has been desired to furnish the operating 
current for an electron discharge device of 
the common three electrode type from an al 
ternating current source to employ separate 
rectifiers for supplying the necessary direct 
current for the operation of the plate cir 
cuit. A more specific object of my inven 
tion is to eliminate the necessity of this sep 
arate rectifier and to provide a self-contained 
device certain of the electrodes of which will 
function to rectify the alternating current 
for the plate supply, and other electrodes 
will perform the usual functions of the three 
electrode device. 
The novel features which I believe to be 

characteristic of my invention are set forth 
with particularity in the appended claims. 
My invention itself however will best be un 
derstood by reference to the following de 
scription taken in connection with the ac 
companying drawing in which Figs. 1 and 2 
show diagrammatically two forms of radio 
receiving circuits with which my device may 
be employed. Fig. 3 shows in perspective 
with some of the parts broken away one 
form of device constructed in accordance 
with my invention, and Fig. 4 is a cross-sec 
tional view of the electrodes in a modified 
form. 
The device as indicated in Fig. 3 comprises 

an evacuated receptacle 1, containing a fila 
mentary electrode 2 the ends of which are 
connected to the leading-in conductors 3 and 
4. Surrounding this filamentary electrode 
there is a cylindrical electrode 5, the outer 
surface of which is preferably coated with 
some thermionically active material, so that 
the outer surface will emit electrons at a relatively low temperature in comparison 
with the inner surface. This electrode is 
connected to and supported from leading-in 
conductor 6. Electrode 5 is in turn sur 
rounded by grid electrode 7 which is con 
nected to the leading-in conductor 8. Grid 
electrode 7 in turn is surrounded by cylin 

back to that terminal. 

drical anode 9 which is supported by arms - 
10 and 11 and is connected to leading in con 
ductor 12. 
In the operation of the device such as I 

have just described, in a circuit arrange 
ment such as that shown in Fig. 1, a source of alternating current such for example as 
the secondary 13 of a transformer may be 
provided. A portion of the secondary turns 
of the transformer are connected with the 
filamentary electrode 2 for heating the same 
to incandescence, as a result the surrounding 
electrode 5 will be heated either by radiation 
or by bombardment to such a temperature 
that the outer surface thereof will emit elec 
trons for supplying the space current for the 
device. In other words, the outer surface of 
electrode 5 is adapted to serve as cathode 
in conjunction with the anode 9. The inner 
surface of the electrode 5 is adapted to act 
as anode in conjunction with the electrode 2 
to rectify the alternating current supplied 
by source 13. One terminal of the source 13 
is connected through resistances 14 to the 
anode 9. Condensers 15 connected between 
resistances 14 and the electrode 5 serve in 

70 

75 

80 

conjunction with these resistances to smooth 
Outfluctuations of the current supply to the 
plate circuit. The complete path of the cur 
rent in the plate circuit may be traced from 
the terminal of source 13 which is connected 
to the electrode 2, through electrode 2 across 
the evacuated space to electrode 5, across the 
evacuated space from electrode 5 to anode 9 
and back through the telephone receivers 16 
to the opposite terminal to source 13. Cur 
rent can flow in only one direction through 
this circuit because of the rectifier action 
taking place between electrodes 2 and 5. 
r The operation of the system may be better 
understood by considering the action when 
the anode 9 is not connected to the resistances 
14. Under these conditions when an alter 
nating potential is supplied to the trans 
former secondary 13, and the end of this 
transformer connected to the cathode 2, is at a negative potential with respect to the 
other terminal, electrons will flow from the 
cathode 2 to the electrode 5. There being 
no complete Oonductive circuit from the 
electrode 5 back to the opposite terminal 
of the transformer 13, no current will flow 

The electrons car 
ried across the space to the electrode 5, how 
ever, serve to charge the condensers 15 con 
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nected thereto and thus build up a potential 
between the terminals of the condensers. 
During the succeeding half cycle when the 
end of the transformer 13 to which the 
cathode 2 is connected is positive with re 
spect to the other end, no electrons will flow 
across the space between 2 and 5, but the 
accumulated charge will remain on the con densers 15. During the succeeding half 
cycle electrons will be carried over to the 
electrode 5 and the charge on the condensers 
will be increased. Since the electrons can 
not flow in the opposite direction from the 
electrode 5 to the cathode 2 there is no con 
ductive path whereby the charge can leak 
off the condensers, and this charge will be 
built up until the electrode 5 acquires a nega 
tive potential substantially equal to the 
maximum negative potential of the elec 
trode 2. 

If now the anode 9 is connected to the 
resistances 14, as indicated, current will be 
caused to flow from the electrode 5 over to 
the anode 9. During the periods when elec 
trons are flowing to electrode 5 some of the 
electrons will furnish current across the 
evacuated space to the anode 9 and some of 
them will add to the charge on condensers 
15. During the half cycle when no electrons 
are furnished to electrode 5 the charge ac 
cumulated on condensers 15 will cause cur 
rent to flow across the evacuated space from 
electrode 5 to anode 9. Thus the apparatus 
is capable of furnishing continuously a di 
rect current across the evacuated space be 
tween the electrode 5 and the anode 9, and 
this current is supplied by reason of the 
rectifying action between electrodes 2 
and 5. 
I have shown in Fig. 4 a modified elec 

trode structure which is adapted to be used 
in cases where it is desired to employ the 
full voltage of the alternating current 
Source, such for example, as the voltage of 
the ordinary lighting circuit for the heating 
of the filamentary electrode 2. The fila 
mentary electrode 2 as shown in Fig. 4 is 
made in the form of a coiled filament with 
Supporting arms 17, 18, and 19. 
The electrode 5 is preferably provided 

with a flange 20 to prevent electrons emitted 
from the outer surface thereof finding their 
way to the filament supports, and also to 
shield the path of the electrons from the elec 
trostatic fields produced by electrode 2 and 
its supports. I have indicated the middle 
filament support 18 as connected to a lead 
ing-in conductor 21. By this expedient the 
device may be employed for rectifying both 
half waves of the alternating current supply. 
The manner in which the circuit connections 
would be made in this case is indicated at 
the right of Fig. 4. 
When a device such as that described is 

connected to an ordinary lamp socket it may 
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be desired to employ the lighting circuit as a 
receiving antenna. The manner in which 
this may be done is indicated in Fig. 2. In 
practice it will usually be found that some 
point in the lighting circuit will be grounded 
as for example the mid point of the sec 
ondary of transformer 22 which supplies 
current to the house lighting circuits as in 
dicated in Fig. 2. If such is the case the 
portion of the lighting circuit between this 
ground and the lamp socket may be used as 
a receiving NA's connecting electrode 
5 through inductance 23 and variable capac ity 24 to ground at 25 and connecting grid 7 
to point 26 as indicated. By reason of the 
large capacities 15, electrode 5 will have im 
pressed thereon substantially the full high 
frequency potential of the lighting circuit. 
Regenerative amplification may be obtained 
by means of a feed back coil 27 connected in 
the plate circuit and coupled to induc 
ance 23. 
While the electrode 5 as before stated is 

preferably so constructed that in the course 
of normal operation it will not emit electrons 
from the inner surface, this condition is not 
essential in all cases. In the arrangement 
of Fig. 4 for example satisfactory operation 
may be obtained if the electrode 2 emits 
enough more electrons than the inner surface 
of electrode 5 to provide by the excess suffi 
cient plate current. 
What I claim as new and desire to secure 

as Letters Patent of the United States, is 
1. The combination of an electron dis 

charge device comprising an electrode which 
is adapted to be heated, an electrode s 11'- 
rounding said first electrode and adapted to 
serve as a cathode, a control electrode and 
an anode, and an electrical circuit connected 
between said first electrode and said anode, 
said circuit including an alternating current 
source having one terminal connected to said 
first electrode and its other terminal con 
nected to said anode, said source of alternat 
ing current constituting the Sole source of 
current supply for said circuit. 

2. An electron discharge device compris 
ing a filamentary electrode, a second metal 
lic electrode surrounding said first electrode 
and having its outer surface adapted to emit 
electrons at a relatively low temperature 
compared with its inner surface, a control 
electrode outside said second electrode and 
an anode outside said control electrode, a 
source of alternating current connected to 
said filamentary electrode for heating the 
same and a connection between a selected 
point on said source and said anode. 

3. An electron discharge apparatus com 
prising an electrode adapted to be heated, 
a second metallic electrode surrounding said 
first electrode, a control electrode outside of 
said second electrode, and an anode outside 
of said control electrode, said second elec 
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trode being connected in a circuit arrange 
ment to serve as anode in cooperation with 
said first electrode and to serve as cathode 
in cooperation with said anode, a source of 
alternating current connected to said first 
electrode for heating the same, and circuit 
connections whereby said first two electrodes 
serve to rectify alternating current derived 
from said source and thereby cause said 
alternating current to be rectified and as 
rectified to flow in the path through the de 
vice between the second electrode and the 
anode. 

4. An electron discharge device compris 
ing a filamentary electrode, a second metal 
lic electrode surrounding said first electrode 
and having its outer surface adapted to emit 
electrons at a relatively low temperature 
compared with its inner surface and an 
anode outside of said second electrode, a 
source of alternating current connected to 
said filamentary electrode for heating the 
same and a connection between a selected 
point on said source and said anode. 

5. An electron discharge apparatus com 
prising an electrode adapted to be heated 
a second metallic electrode surrounding said 
first electrode, and an anode outside of said 
second electrode, said second electrode being 
connected in a circuit arrangement to serve 
as anode in cooperation with said first elec 
trode and to serve as cathode in cooperation 
with said anode, a source of alternating cur 
rent connected to said first electrode for 
heating the same, and circuit connections 
whereby said first two electrodes serve to 
rectify alternating current derived from said 
source and thereby cause said alternating 
current to be rectified and as rectified to flow 
in the path through the device between the 
second electrode and the anode. 

6. The combination of an electron dis 
clarge device comprising 
adapted to be heated, a second electrode ad 
jacent thereto which is connected to serve 
as a cathode and a cooperating anode, and 
an electric circuit connected 
first electrode and said anode, said circuit 
including an alternating current source hav 
ing one terminal connected to said first elec 
trode and its other terminal connected to 
said anode, said source of alternating cur 
rent constituting the sole source of current 
supply for said circuit. 

7. The combination of an electron dis 
charge device comprising an electrode 
adapted to be heated, three electrodes sur 
rounding said first electrode, one of which 
is connected to serve as cathode, and a sec 
ond of which is connected to serve as anode 
in conjunction with said cathode, and the 
third of which is connected to serve as con 
trol electrode, a source of alternating cur 
rent connected to said first electrode for 
heating it to incandescence, and a connection 

an electrode 

between said 

3 

between a selected point on said source and 
one of said surrounding electrodes, said con 
nection being so made that the first electrode 
and one of the surrounding electrodes serve 
to rectify current derived from said source 
and thereby cause said alternating current 
to be rectified and as rectified to flow in 
Rh through the device which includes the 

other two electrodes. 
8, An electron discharge apparatus com 

prising an electrode adapted to be heated by 
the passage of current, a second electrode 
adjacent thereto having a surface remote 
from the first electrode adapted to emit elec 
trons at a relatively low temperature com 
pared with its surface adjacent said first 
electrode, an anode located to receive elec 
trons from said second cathode, a source of 
alternating current connected to said first 
electrode for heating the same, and a con 
nection from a selected point on said source 
to said anode. 

9. An electron discharge apparatus com 
prising an electrode adapted to be heated 
by the passage of current, a second electrode 
adjacent thereto and an anode located to 
receive electrons from the second electrode, 
said second electrode being connected to 
serve as anode in cooperation with said first 
electrode and to serve as cathode in co 
operation with said anode, a source of alter 
nating current connected to said first elec 
trode for heating the same and circuit con 
nections whereby said first two electrodes 
serve to rectify alternating current, derived 
from said source and thereby cause said 
alternating current to be rectified, and as 
rectified to flow in a path through the device 
which includes the anode. 

10. An electron discharge device compris 
ing an electrode adapted to be heated, a 
second electrode adjacent thereto having a 
surface remote from said electrode adapted 
to emit electrons at a relatively low tempera 
ture compared with its surface adjacent said 
first electrode, and an anode located to re 
ceive electrons from said second electrode, a 
source of alternating current connected to 
said first electrode for heating the same to 
produce an emission of electrons therefrom 
and a connection from a selected point on 
said source to said anode. . 

11. The combination of an electron dis 
charge device comprising an electrode adapt 
ed to be heated and three other electrodes, 
one of which is connected to serve as a 
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cathode, a second of which is connected to 
serve as anode in conjunction with said 
cathode, and the third of which is adapted 
to serve as control electrode, a source of 
alternating current connected to said first 
electrode for heating the same to produce 
an emission of electrons therefrom and a 
connection between a selected point on said 
source and one of said other electrodes, said 
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connection being so made that the electrode 
adapted to be heated and one of the other 
electrodes serve to rectify current derived 
from said source and thereby cause said 
alternating current to be rectified and as 
rectified to flow in a path through the device 
which includes the other two electrodes, 

12. The combination of an electron dis 
charge device comprising a cathode adapted 
to be heated and at least two other electrodes 
one of which is connected to serve as a cath 
ode and a second of which is connected 
to serve as an anode in conjunction with said 
cathode, a source of alternating current con 
nected to said first named electrode for heat 
ing it to produce an emission of electrons 
therefrom and a connection between a se 
lected point on said source and one of said 
other electrodes, said connection being so 
made that the heated electrode and one of 
the other electrodes serve to rectify current 
derived from said source and thereby cause 
said alternating current to be rectified, and 
as rectified to flow in a path through the 
device which includes the second of the other 
electrodes. 

13. An electron discharge apparatus com 
prising amplifying means and rectifying 
means in a unitary device, said amplifying 
means having a cathode which is connected 
to serve as an anode for the rectifying 
means, a source of alternating current and 
means for connecting said source to the ap 
paratus in such a way that the rectifying 
means serves to rectify the current 
said source and supply unidirectional cur 
sent to the amplifying means. 

14. An electron discharge apparatus com 
prising amplifying means and thermionic 
rectifying means in a unitary device, said 
amplifying means having a cathode which 
is adapted to serve as an anode for the rec 
tifying means, a source of alternating cur 
rent for supplying heating current for the 
operation of the rectifying means and means 
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for connecting said source to the apparatus 
in such a way that the rectifying means 
serves to rectify the current from said source 
and supply unidirectional current to the am plifying means. 

15. An electron discharge apparatus com 
prising an electrode adapted to be heated, a 
second electrode adjacent thereto and an 
anode located adjacent said second electrode 
so as to receive electrons from the second 
electrode, a source of alternating current 
having one terminal connected to said first 
electrode and its other terminal connected to 
said anode through an impedance which 
permits the passage of direct current and to 
the second electrode through a capacity only, 
said connections serving to cause alternating 
current from said source to be rectified and 
as rectified to flow in the path through the 
device between the second electrode and the 
anode as a continuous direct current. 

16. An electron discharge apparatus com 
prising an electrode adapted to be heated, a 
second electrode adjacent thereto and an 
anode located adjacent said second electrode 
So as to receive electrons from said second 
electrode, said second electrode being adapt 
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ed to serve as anode in cooperation with said 
first electrode and to serve as cathode in 
cooperation with said anode, a source of 
alternating current connected to said first 
electrode for heating the same and a con 
nection from a selected point on said source 
to said anode through an impedance which 
permits the passage of direct current and 
to said second electrode through a capacity, 
said connections serving to cause alternating 
current from said source to be rectified and 
as rectified to flow in the path through the 
device between the second electrode and the 
anode as a continuous direct current. 
In witness whereof, I have hereunto sel 

my hand this 2nd day of October, 1922. 
ALBERT W. HULL 

SO 


