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This application is a division of my appli 
cat.on relating to thermionic devices filed 
Jan. 8, 1925, Ser. No. 1,182, and is directed 
particularly to a rectifying system, includ 
ing thermionic devices. 
The primary object of my invention is to 

provide a rectifying system employing a full 
wave thermionic rectifier provided with a 
plurality of thermionic cathode elements and 

9 co-operating anode means arranged to pre 
vent current leakage between the cathode ele 
ments, and, thereby, to prevent short-circuit 
ing of a transformer or other source of energy 
with which the rectifier may be employed. 

5 Another object of my invention is to pro 
vide a rectifying system for radio applica 
tion, which shall transmit substantially all: 
of the rectified energy, and thereby main 
tain a substantially constant source of direct 
voltage. 
Another object of my invention is to pro 

vide a rectifying system, of the foregoing 
character, that may be utilized in radio 
equipment with a transformer that supplies 
voltage of desired value, and that shall func 
tion in such manner as to protect the trans 
former against short-circuit conditions caused 

tween two cathodes, or the active spaces sur 
rounding them, the anode means should be 

by current leakage between the filaments of a 
double Wave rectifier. 

Recent developments in radio receiving 
equipment have been towards the elimina 
tion of the various storage and dry batteries 
heretofore used, in order that the usually 
available source of house-lighting current 
might be utilized for the energization of radio 
tubes and the operation of the receiving sets. 
In order to obtain a suitable supply of sub 
stantially direct current and direct current 
voltage, rectifying devices of different kinds 
have been employed, utilizing the thermionic 
valve character of a heated cathode. With 
the employment of two heated cathodes in 
the same envelope, however, for transmitting 
both waves of an alternating current, certain 
problems are encountered which must be 
eliminated in order to obtain satisfactory 
operation of the rectifier of such type. 
Where two filamentary electrodes disposed 

in the same enclosing vessel are heated, the 
spaces or zones innmediately surrounding 
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the filaments become electronically active due 
to the electronic emission of the heated fila 
ments. If the medium surrounding the fila 
ments is gaseous, it becomes ionized by the 
electronic activity of the heated filaments 
and establishes a current-conducting path 
between them. When the filaments and the 
co-operating anode element are connected to 
an external transformer to cause the filaments 
to alternately transmit current waves to the 
anode element, the differences of potential 
set-up between the various elements, in the 
confined space within the envelope, tend to 
establish greater activity between the several 
electronic spaces surrounding the active 
cathiodes, and a short circuit condition is 
established on the transformer to which the 
rectifier is connected. 
If both filaments are to be disposed within 

the same envelope, as is preferable for rea 
sons of economy and for saving of space, it 
is essential to prevent the leakage of current 
between the two filaments, or proper opera 
tion of the rectifying system will not be es 
tablished and maintained, and a short-circuit 
condition will be established by such leakage. 

In order to prevent current leakage be 

disposed to isolate and confine the active 
Spaces surrounding the respective cathodes, 
and thereby prevent leakage of current be 
tween the cathodes or the active spaces sur 
rounding them, and thus prevent the possi 
bility of a short circuit upon the transformer 
or source of alternating current with which 
the rectifier is to be used. 

In the modification which is illustrated 
herein, the cathode filaments are isolated and 
separated from each other by a common an 
ode which is provided with a partition to di 
vide the anode into two chamber enclosures. 
A filamentary cathode is disposed in each 
chamber. The active space surrounding each 
filament is thus confined and limited and 
isolated by the chamber enclosure wall, and 
the potential of the anode partition is such as 
to permit the passage of current in a proper 
direction between the anode and one filament 
or the other, depending upon the potential 
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of the circuit or transformer to which the 
rectifier is connected. At the same time, cur 
rent transfer between the filaments is pre 
vented and the transformer is protected 
against short-circuit conditions. 
The operation of the rectifying system 

will be better understood upon reference to 
the following detailed description in consid 
eration with the accompanying drawings, in 
which 

Fig. 1 illustrates schematically a 3-element 
tube with a single wave rectifier system for 
excitation of the cathode: 

Fig. 2 illustrates schematically a similar 
system to that shown in Fig. 1 but arranged 
to supply double-wave rectification; 

Fig. 3 is a schematic and diagrammatic 
view of a tube and system similar to that 
shown in Fig. 2 but employing an anode of 
special construction for the rectifying opera 
tion: 

Fig. 4 is a perspective view of the common 
anode used in the rectifying operation in the 
tube shown in Fig. 2; 

Fig. 5 is a sectional view of the anode of 
modified construction employed in the tube 
shown in Fig. 3; 

Fig. 6 is a perspective view of the same 
anode illustrating the manner in which the 
nartition separates the anode into two cham 
bers for receiving the cathodes; 
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Fig. 7 is a front elevational view of a tube 
embodying the features illustrated in Fig. 3; 

Fig. 8 is a front view, partially in eleva 
tion and partially in section, of the tube 
shown in Fig. 7; 

Fig. 9 is a sectional view of the tube shown 
in Fig. 8, taken along the line IX-X, to 
gether with the connected circuits. 
The tube illustrated in Fig. 1 comprises a 

vessel 10 divided into two compartments, an 
operating compartment and a rectifying com 
partment, by a partition 11 consisting of a 
glass annulus 12 and a tungsten disc or plate 
13 supported in the center thereof. One com 
partment contains a grid 14 and a plate 15. 
The other or rectifying compartment, con 
tains a filament 16 and some inert gas such 
as argon. The filament 16 is energized from 
an alternating current circuit 18 through a 
transformer 19 which is also connected 
through a resistor 21 to include the rectify 
ing chamber in a series circuit. The filament 
is thereby rendered incandescent and the tar 
get or plate 13 is heated by bombardment and 
by the current traversing it. The plate 13 
should have an oxide coating on the surface 
in the operating compartment but not on the 
surface in the rectifying compartment. The 
plate will thus be rendered active at a tem 
perature considerably lower than the operat 
ing temperature of the filament. There will 
therefore be less, activity and electron emis 
sion from the uncoated surface of the plate 
than from the filament. The rectifying char 
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acter of the filament and the plate will there 
fore not be affected inasmuch as the poten 
tial difference between them will be insuffi 
cient to cause a reversal of current and a pene 
tration of the highly active electron field near 
the filament. The striking potential neces 
sary to cause a reversal would be of the order 
of 175 to 200 volts for about A inch spacing. 
The voltage necessary to operate the rectify 
ing compartment need only be somewhat in 
excess of the initial striking potential which 
would be about 25 to 30 volts for the same 
spacing. The operation is similar to that of 
the tungar battery charging rectifier. 

In Fig. 2 is illustrated a modification 
which utilizes all current waves of both po 
larities, thereby supplying a continuous uni 
directional current to the plate or anode 22, 
and maintaining the temperature more even. 
Two rectifying compartments are provided, 
which are partitioned from the main com 
partment and each other. The plate 22 em 
bodies two portions 23 and 24 respectively 
disposed in partitions 11 and 26 separating 
the several compartments. Two filaments 16 
and 16a in the rectifying compartments 
transmit current alternately to the plate 22. 
which is consequently energized continuous 
ly by uni-directional current. The value of 
the current transmitted may be controlled by 
the variable resistor 21, and the temperature 
and electron-emitting character of the sur 
face of the plate in the main compartment va 
ried accordingly. 
The filaments are heated by separate auxil 

iary low-voltage windings 28 and 29 of the 
transformer. The anode 22 is connected to 
the neutral point 30 of the main transformer 
Winding 31, and the auxiliary windings are 
connected to points on either side of the neu 
tral 30, according to the voltage that is to be 
impressed upon the rectifier. 

In Fig. 3 is illustrated a modification em 
bodying an anode 33 of cone shape, which is 
energized in accordance with the principle 
controlling the tube in Fig. 2. The anode 
cone 33 is divided into two pockets or cham 
bers by a partition 34 of corresponding met 
al. Each pocket communicates with the cor 
responding rectifying compartment and con 
stitutes part thereof. The filaments are sup 
ported within the respective pockets as close 
to the apex as is practicable, considering the 
design of the cone. The rim of the base of 
the cone is secured to the main glass parti 
tion 11 and the metal cone partition 34 is 
anchored in the auxiliary glass partition 26. 
In this structure the cone is traversed and 
heated by a continuous uni-directional cur 
rent. 
By means of the partition 34 in the cone, 

as by the partition between the auxiliary rec 
tifying compartments, any tendency to trans 
mit current between both filaments is obvi 
ated. 
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Fig. 4 is a perspective view of the anode 
element or plate 22 common to the three com 
partments of the tube illustrated in Fig. 2. 

Figures 5 and 6 are sectional and perspec 
tive views illustrating the disposition of the 
partition 34 in the cone-shaped anode 33 and 
in the auxiliary partition 26 between the rec 
tifying chambers. By means of the partition 
34 in the cone and the glass partition 26, the 

to two chambers are entirely separated. 
In Figs. 7, 8, and 9 are shown the embodi 

ment containing the features, illustrated in 
Fig. 3. The view in Fig. 7 shows the dispo 
sition of the cone 33 as a cathode within a 
plate 36 of truncated cone shape. The par 
tition 34 in the cone is anchored in a glass 
partition 26 across the tube underneath the 
cone and its supporting annulus 25. 
The view in Fig. 8 is a side sectional view 

of the tube in Fig. 7 with parts broken away 
to show the disposition of the various ele 
ments. The cone is surrounded by a grid 37 
within the plate 36 and is supported by a con 
ductor proceeding to one of the base termi 
nals. The rectifying filaments 16 and 16a 
are disposed within the pockets in the cone, 
on each side of the partition 34. The filament 
supports are sealed in the usual reentrant 
stem or press, and connected to base termi 
nals. The apex of the cone is also connected 
to a base terminal through a conductor and Support. 
By disposing the rectifying filaments with 

in the cone, all heat developed thereby is 
')ocketed and confined to establish a heat zone 
to maintain the temperature of the cone sub 
stantially constant. 
The view in Fig. 9 is a sectional view of the 

tube in Fig. 8 taken along the line IX-X 
in the direction of the arrows. The vertical 
glass partition 26 co-operates with the cone 
partition to separate the rectifying compart 
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ments. The circuit connections correspond 
to those illustrated in Fig. 3. 
By means of the cone structure illustrated 

in the described figures, an even constant 
temperature may be maintained, due to the 
heat storage capacity of the cone and to the 
fact that the heated air is pocketed in the 
one. The outer surface of the cone may be 
coated with commercial oxides as at present 
employed to obtain high electron emission at 
relatively low temperatures. The heating 
and temperature of the cone may be con 
"rolled by the resistor 21 in the energizing 
circuit. By means of such a system a rela 
tively large heating current may be supplied 
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to the cone, which permits of greater flexi 
bility and regulation. By controlling the 
turrent traversing the rectifying filaments 
and also the current traversing the filament 
cone circuit, the operating characteristics of 
the cone in the operating compartment may 
be readily controlled. 

It is essential for proper operation of the 
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rectifying units that the filaments be sepa 
rated to obviate a clear path between them 
which would permit a partial short circuit 
and consequent erratic oparation resulting 
in a fluctuating energizing current. Sucher 
ratic operation results when both filaments 
have an unimpeded gas path between them. 
By means of the glass partition and that in 
the cone, a transfer of energy between the 
filaments is prevented and all energy trans 
mitted to the cone. 

in order to ensure proper operation of the 
rectifying unit the two filaments and their 
active spaces should be confined in separate 
compartments, to preclude leakage or short 
circuit currents between them. 
My invention is not limited to the specific 

arrangement and construction that is illus 
trated but may be variously modified to em 
ploy the same principle of separating and 
segregating or isolating the active Zones 
around the respective cathodes to prevent 
inter-electrollic action or current leakage be 
tween them that would be detrimental to and 
would short circuit the associated trans 
former, all as are set forth as being within 
the spirit and scope of the invention as de 
fined in the appended claims. 

I claim as my invention: 
1. The combination in a rectifying system, 

comprising a transformer, a source of energy 
therefor, a rectifier provided with two fila 
mentary electrodes energized from the trans 
former, anode means associated with the fila 
ments and means conductive to direct cur 
rent between the transformer and the fila 
ments and the anode means to transmit alter 
nate waves from the filaments, said anode 
means being disposed around the active zones 
of the filaments to prevent current leakage 
between them and consequent short-circuit 
ing of the transformer. 

2. In a radio system, the combination with 
a transformer, of a thermionic tube compris 
ing an audion and a full-wave rectifier hav 
ing heatable cathodes and a common anode 
which is the cathode for the audion, means 
energized from the transformer for heating 
the cathodes, and means conductive to direct 
current connecting the transformer, the cath 
odes and the anode in a rectifying circuit, 
the anode having a barrier isolating the ac 
tive spaces surrounding the cathodes to pre 
vent current leakage between them which 
would short-circuit the transformer. 

3. In a radio system, the combination with 
a transformer, of a full-wave rectifier having 
heatable cathodes and anode means, means 
energized from the transformer for heating 
the cathodes, and means for conducting direct 
current connecting the transformer and the 
Cathodes and anode means in a rectifying cir 
cuit, said anode means isolating the active 
spaces surrounding the cathodes to prevent 
current leakage between them and, thereby, 
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to prevent consequent short-circuiting of the 
transformer. 

4. In an electrical system, the combination 
with a transformer, of a rectifier having a 
plurality of heatable cathodes, means ener 
gized from the transformer for heating the 
cathodes, anode means associated with the 

O 
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cathodes, and means conductive to direct cur 
rent connecting the transformer, the cath 
odes and the anodes as a rectifying circuit, 
the anode means embodying a conducting 
barrier between the active spaces surround 
ing the cathodes, and an insulating medium 
cooperating with the conducting barrier to 
prevent current leakage between them and, 
thereby, to prevent consequent short-circuit 
ing of the transformer. 

5. In a rectifying system, the combination 
with a transformer, of a rectifier provided 
with a plurality of cathode elements, means 
energized from the transformer for energiz 
ing the cathode elements, and means connect 
ed to the transformer for causing the cathode 
elements alternately to transmit a current 
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wave, said means including anode means 
associated with the cathode elements and ar 
ranged to receive the current waves there 
from, means conductive to direct current be 
tween the anode means and the transformer, 
'and an insulating medium cooperative with 
the anode means to isolate the active spaces 
surrounding each cathode element, thereby to 
prevent current leakage between the cathode 
elements and consequent short-circuiting of 
the transformer. 

6. A rectifying system comprising a trans 
former, a rectifier embodying a plurality of 
cathode elements and anode means associated 
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therewith, and means conductive to direct 
current connecting the cathode elements and 
the anode means to the transformer to cause 
current waves to be transmitted alternately 
between the respective cathode elements and 
the anode means, said anode means being 
disposed to isolate the active spaces surround 
ing the respective cathode elements, thereby 
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to prevent current leakage between them and 
to prevent consequent short-circuiting of the 
transformer. 7. In a rectifying system, the combination 
with a transformer, of a rectifier provided 
with two filamentary cathodes, means ener 
gized from the transformer for energizing 
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the cathodes, and means electrically associat 
ing the cathodes and the transformer to cause 
the cathodes to be alternately effective to 
transmit current waves, said means includ 
ing anode means comprising two chamber 
enclosures respectively surrounding and iso 
lating the active spaces surrounding the cath 
odes, whereby leakage between the cathodes 
and consequent short-circuiting of the trans 
former are prevented, and means conductive 
to direct current consecting the anode means 
and the transformer 
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8. A rectifying system comprising a trans 
former, a full-wave rectifier having heatable 
cathodes and co-operating anode means, a 
load circuit, and circuit connections conduc 
tive to direct current operatively connecting 
the transformer and the cathodes and the 
anode means to supply double-wave rectified 
current to the load circuit, said anode means 
surrounding and isolating the active spaces 
surrounding the cathodes to receive the full 
current waves from the cathodes for the load 
circut and, thereby, to prevent current leak 
age between the cathodes and consequent 
short-circuiting of the transformer. 

9. In a rectifying system, the combination 
with a transformer, of a thermionic rectify 
ing device comprising two filamentary cath 
odes and co-operating anode means, means 
energizable from the transformer for heating 
the cathodes; an impedance device conduc 
tive to direct current, and means including 
the anode means electrically associating the 
transformer and the cathodes to render the 
cathodes alternately effective to transmit cur 
rent waves to the anode means and the imped 
ance device, said anode means isolating and 
surrounding the cathodes to prevent current 
leakage between them that would short-cir 
cuit the transformer. 10. In a rectifying system, the combination 
comprising a thermionic device provided 
with two elements for establishing two spaced 
electronically active zones, means for ener 
gizing said elements, and means for control 
ling said elements, when energized, to alter 
nately establish a current-carrying stream. 
from each active zone to said means, and 
precluding any leakage or interchange of cur 
rent between said zones, said means and said 
elements being electrically connected by di 
rect current conductors externally of said 
streams. - - 

11. In a rectifying system, a thermionic 
rectifier comprising a plurality of filaments, 
means for energizing them to render them 
electronically active, means for supplying 
out-of-phase currents to the respective fila 
ments to be electronically transmitted by 
them, a common anode for receiving current 
from all of the filaments and for isolating 
the active spaces surrounding them to pre 
vent current-leakage between them, and 
means conductive to direct current connect 
ing the filaments and the anode externally 
of the rectifier. 

12. In a rectifying system, a thermionic 
rectifier provided with a plurality of fila 
mentary cathodes, means for energizing them 
to render. them electronically active, co 
operating anode means disposed around and 
between the cathodes to transmit current 
waves to the respective cathodes and to pre 
vent current leakage between them due to 
their electronic activity, a source of energy 
therefor and means electrically conductive 
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to direct current connecting the cathodes and 
the anode means externally of the rectifier. 

13. In a rectifying system, a rectifier hav 
ing a plurality of cathodes, means for ren 
dering them electronically active, means for 
rendering them sequentially current-trans 
mitting, means for collecting all the trans 
mitted current comprising means isolating 
the active spaces surrounding the cathodes 
to prevent current leakage between them, 
and means electrically conductive to direct 
current connecting the cathodes and the col 
lecting means externally of the rectifier. 

15 
14. In an electrical system, the combina 

tion comprising a single phase transformer, 
a rectifier having two spaced heatable cath 
odes, means energizable from the transformer 
for heating the cathodes to establish two 

20 
spaced active zones, anode means associated 
with the cathodes, means conductive to direct 
current connecting the transformer, the 
cathodes and the anode means as a rectify 
ing circuit and setting up the full trans 
former voltage between said zones, the anode 
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means embodying a conducting barrier dis 
posed directly between the two spaced active 
zones, and an insulating medium co-opera 
tive with the conducting anode barrier to 
separate the spaced active Zones and to pre 
vent energy interchange between them in re 
sponse to the transformer voltage between 
the two active Zones, and, thereby, to prevent 

35 

consequent short-circuiting of the trans 
former. 

15. In a rectifying system, the combina 
tion comprising a single phase transformer, 
a rectifier having two spaced heatable cath 
odes, effective, when heated, to establish two 
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spaced active zones, means energizable from. 
the transformer for heating the cathodes, 
anode means associated with the cathodes, 
and means conductive to direct current con 
necting the transformer, the cathodes and 
the anode means as a rectifying circuit and 
introducing the potential of each terminal 
of the transformer into the respective active 
zones, said anode means embodying a con 
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ducting barrier disposed directly between the 
two spaced active zones and establishing a 
potential and an effective reaction upon the 
energy of the two zones according to the 
changing potential of the transformer ter 
minals, and an insulating medium, in a path 
beyond the conducting barrier and between 
the active zones, co-operative with the anode 
barrier to separate the spaced active zones 
and to prevent energy interchange between 
them in response to the potential difference 
established between the two zones by the 
transformer voltage, and, thereby to prevent 
consequent short-circuiting of the trans- . 
former. - - " . 

In testimony whereof, I have hereunto sub 
scribed my name this 2nd day of March, 1929. 

JULIUSE. FOSTER. 

  


