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My invention relates to electric valves, 
asymmetrical electrical conductors orrecti fiers of the gaseous discharge type, utilizable 
for any suitable purpose and particularly for 

5 procuring from an alternating current a uni 
directional or preponderatingly uni-direction 
all current for heating the cathodes, and more 
particularly for the anode or plate circuits, 
of thermionic devices, and more particularly 

10 three-electrode thermionic devices of the au 
dion type, as utilized in radio receiving and 
transmitting apparatus. 
In accordance with my invention the cath 

ode comprises numerous elements of curved, 
preferably circular, or equivalent form of 
conductor or wire, of circular or equivalent 
cross-section, having unusually Small diam 
eter or radius of curvature, yielding, in as 
sociation with other features hereinafter de 
scribed, a rectifier or the like of gaseous dis 
charge type having unusually long life and of 
high power output. 

urther in accordance with my invention 
each of the cathode elements is secured, as 
by welding, to a support which may serve also 
as a terminal for including the cathode in cir 
cuit; and more particularly in accordance 
with my invention the cathode elements may 
be formed by a single helically disposed wire 

30 or conductor all or any suitable number of 
whose convolutions may be welded or oth 
erwise secured to the support or terminal. 

Further in accordance with my invention 
the elements or convolutions of a plurality 
of cathodes are secured to supports consti 
tuting a common terminal for the cathodes, 
and more particularly in such a structure the 
elements or convolutions of the several cath 
odes may be secured to additional supporting 
elements. 

Further in accordance with my invention 
the aforesaid cathode support or terminal is 
secured to or sealed in the press of a bulb or 
tube within which the cathode and anode are 
disposed. , 

Further in accordance with my invention 
a tube of glass or equivalent material sealed 
or united at its one end in or with the glass 
or equivalent press surrounds and is spaced 

50 from the anode, and extends to a point adja 
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cent that end of the cathode structure nearest 
the press. - 
My invention resides in the features of 

structure, arrangement and combination 
hereinafter described and claimed. 

For an illustration of some of the various 
forms my invention may take reference is had 
to the accompanying drawing in which: 

Fig.1 is a vertical elevational view, partly 
in Section, of an electric valve embodying my 
invention. 

Fig. 2 is a horizontal sectional view, on en 
larged scale, parts in plan, taken on the line 
2-2 of Fig.1. 

Fig. 3 is a fragmentary plan view of a 
modified structure. S. 

Figs. 4 and 5 are plan views of modifica 
tions of cathode elements. 

Fig. 6 is a diagram of one of the various 
electric circuit arrangements in which my 
electric valve is utilizable. 

Referring to Figs. 1 and 2, 1 is the base of 
a tube or bulb B of glass or the like having the 
usual tubular stem 2 and press 3, of glass or equivalent. 
Secured to or sealed in the press 3 are the 

upstanding supports, wires, or rods 4 and the 
common terminal 5 in the form of a rod or 
wire to which are secured, as by welding, the 
further supports 5, 5 preferably welded to 
each other at 5°. Each of the foraminous 
cathodes C and C comprises numerous ele 
ments of fine wire 6 of tantalum, tungsten, 
molybdenum, nickel, or other suitable mate 
rial ranging in diameter from about .003 to 
.025 inch, effecting small radius of curvature 
of its surface for effecting high electron emis 
SO. 
The wire 6 is disposed, in the example il 

lustrated, in the form of a helix, all or any 
suitable number of convolutions of which are 
secured, as by welding, to either or both the 
Supports 4,5 the support being essential 
or at least desirable because of the fineness 
of the wire 6 essential to the desired charac 
teristics of the electric valve particularly as 
regards its long life and high electron emis 
sion from the cathode or cathodes. 
Wire of the fineness characteristic of my 

invention is of itself not sufficiently stiff or 
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rigid to hold its form in position under con 
ditions obtaining in the manufacture, ship 
ment and particularly in the use of the valve. 
The wires or rods 4 and 5 are preferably 

of a diameter considerably greater than that 
of the wire 6 and may be, for example, of the 
order of .025' and may be of any suitable 
material, such as that of the wire 6. 
The wire 6 secured or welded to either or 

both the supports 4, 5 effects a suitable rigid 
cage-like structure which is not subject to 
deformation or displacement, and maintains 
under all conditions its correct relation and 
position with respect to the coacting anode. 

Disposed substantially in the axes of the 
cathodes C and C are the coacting or asso 
ciated anodes A and A' in the form of a wire 
or rod, of any suitable material, such as that 
of the wire 6. The diameter of the anode 
wire or rod is materially greater than that of 
the wire 6, rendering the anode sufficiently. 
rigid to be self-supporting and non-deform 
ing. For example the diameter of the anode 
wire may be of the order of .02 though con 
siderable variation in either direction from 
that magnitude is permissible. 
Each anode may extend to any suitable 

distance into or longitudinally of the asso 
ciated cathode and may extend to the upper 
end thereof, though as indicated it is pre 
ferred that each anode shall terminate short 
of the upper end of the associated cathode. 
The anodes A and A and the terminal or sup 
port 5 are sealed in the press 3 within which 
they are connected with their respective 
lead-in wires 7, 8 and 9, sealed vacuum tight 
in the press 3, and connecting respectively 
with the base terminals 10, 11 and 12 by 
which, upon insertion of the base 1 in a suit 
able socket the anodes and cathodes are con 
nected in the external circuit. 

Prior to the compression of the stem 2 to 
form the press 3 there are disposed around 
the anodes A and A' the tubes 13 of glass or 
equivalent material which upon formation 
of the press 3 are held therein or, as is indi 
cated, united integrally therewith. The tubes 
13 have an internal diameter substantially 
greater than that of the anode passing there 
through, and terminate preferably adjacent 
the lower end of each cathode structure. The 
tubes 13 serve to prevent the lower ends of 
the anodes A and A', adjacent their seals or 
unions with press 3, attaining unduly high 
temperature during operation of the valve, 
which occurs in the absence of the tubes 13, 
due to bombardment or other action. The 
tubes 13 apparently limit the bombardment 
of the anodes A and A. almost entirely to 
their parts directly exposed to the associated 
cathodes. 
In Fig. 3 the cathode structure, common 

to the two anodes A and A' comprises a sin 
gle helix of wire 6, each convolution of which 
is spaced from and passes around both anodes. 
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The wire 6 is welded at each or any suitable 
number of convolutions to any one or more 
of the several supports 4, any one or more 
of which may constitute a terminal of the 
cathode. 
Within the bulb B is contained any suit 

able gas, and preferably a pure monatomic 
70 

gas or vapor such as neon, argon, and prefer 
ably helium at an absolute pressure of from 
about 5 to about 50mm. of mercury and pref 
erably at an absolute pressure of about 24 mm. of mercury. 
The electrodes of the valve are preferably 

of tantalum. 
A valve of the character above described, 

with the cathode helix about 'in diameter 
and about 3' long yields at a pressure of 
several hundred volts a current of the order 
of 60 milliamperes with a useful life of up 
wards often thousand hours. 
The high current or power output is de 

pendent upon the small size of wire 6, yield 
ing high electron emission under ionic bom 
bardment and the life, notwithstanding such 
heating of the electrodes as is developed in 
operation, is long because the cathodestruc 
ture permits free circulation of the gas 
through and around it and around the anode 
structure. . . 
The free gas circulation apparently has 

the double effect of cooling or prevention of 
excessive rise of temperature of the electrodes, 
and of continuously replenishing the dis 
charge path with gas from the idle spaces. 
A valve of the character described may be 

considered as generically of the point-plane 
type, that is, of the type in which the anode 
surface is broadly of the character of a point 
in that it has small radius of curvature, and 
the cathode has relatively far larger active 
Tea. 

The valve is self-starting and is of the cold 
electrode type, as distinguished from vaves 
utilizing hot or incandescent cathodes. 
While, for simplicity and cheapness in 

manufacture, the wire 6 is disposed as a helix, 
it will be understood that each cathode struc 
ture may beformed of separate arcuate wires, 
either circumferentially complete or incom 
plete, and disposed side by side longitudinal 
ly of either or both the supporting members 
4, 5. 
As indicated in Fig. 4 each element of the 

cathode structure may comprise a circumfer 
entially incomplete arcuate conductor 6 se 
cured or welded to one or more supports or 
terminals 4, 5. - w 
Or as indicated in Fig. 5 each cathode ele 

ment is a circumferentially complete indi 
vidual and separate ring secured or welded 
to one or more supports or terminals 4, 5. 
Whether the wire be disposed as last above 

mentioned, or as a continuous helix, the nu 
merous elements are individually electrically 
connected to the supports or terminals 4, 5, 
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yielding a low electrical resistance of and 
within the cathode structure itself. 
In Fig. 6 there is illustrated a typical cir 

cuit arrangement with which a valve of the 
character above described may be utilized. 
ing current of, say, a frequency of 60 cycles 
per second and 110 volts such as is commonly 
employed in house wiring. In circuit there 
with is connected the primary Pof a trans former, serving to step-up the voltage to sev: 
eral hundred volts. Opposite terminals of 
the secondary S are connected respectively 
to the anodes A and A', and the cathodes C 
and C, which are electrically connected to gether, connect to a typical filter system com 
rising the inductance L and the condensers 
K, Kas well understood in the art formini mizing the hum-producing ripple. The ca 
thodes C and Care connected to the anode 
or platea of a three-electrode thermionic tube 
or audion W. and its cathode or filament f 
heated by a suitable source of current, not 
shown, connects with a substantially middle 

25 tap on the secondary S. The filamnet, or negative side of the system is preferably 
grounded as indicated at E. Z. represents 
the impedance in the plate circuit of the tube 
V which as usual has the control grid g. The 

so impedance Z may be of any suitable character 
depending upon the purpose and function of 
the tube W which may be used as a radio or 
audio frequency amplifier, detector, oscilla. 
tion generator etc. And it will be understood 

is from the same source of current the anode 
circuits of one or more tubes such as V may be simultaneously supplied. 
While the anodes A and A are shown con 

nected to the opposite ends of the secondary 
S, it will be understood that, when suitable 
or desirable the cathodes C and C, when elec 
trically insulated from each other may be 
connected to opposite terminals of the Sec 
ondary S, and the anodes A and A' may be 
electrically connected to each other and to the substantially midpoint of the secondary 
S. In such event the anode a and filament f 
of the tube V would as always be connected 
respectively to the positive and negative ter 
minals of the rectifier System. 
While the conductor 6 is shown and de 

scribed as a wire of substantially circular 
cross section, it shall be understood that any 
other suitable cross section is comprehended 
by the term "wire', and may be polygonalin 
cluding such cross sections as are afforded by 
strips or ribbons whose edges or flat sides may be presented to the coacting anode. 
In the case of wire 6 of substantially cir 

cular cross section the diameter, lying with 
in the aforesaid range from about .003 to 
about.025 inch, is, for lengthening the life of 
the valve, the larger as the gas pressure is 
higher, as the atomic weight of the gas is 

65 higher and as the load or current is higher. 
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When helium is utilized, as an absolute pres: 
sure lying within the hereinbefore described 
pressure range, and the wire 6 is of tantalum, 
tungsten, molybdenum or nickel, its diame 
ter will lie within the range from about .003 
to about .015 inch, the larger diameter being 
utilized with the less refractory metal. The 
preferred combination is that of helium gas 
with a cathode conductor 6 of tantalum. 
The preferred material for the anode is 

tantalum. While the anodes have been shown 
in the form of straight wires or rods, it shall 
be understood that each may comprise a plu 
rality of straight wiresorrods, or there may 
be utilized wires or rods formed in any suit 
able shape and of any suitable cross section, 
all of which it will be understood are included 
in the term “rod-like'. 
The cathode structure hereinbefore de scribed is foraminous, permitting the desir 

able freedom of passage of gas around and 
past the active surfaces, and it will accord 
ingly be understood that in addition to the 
preferred structure described other and 
equivalent foraminous cathodes may be em ployed. 
What I claim is: 
1. An electric valve of the gaseous dis 

charge type comprising an anode, and a 
cathode comprising a series of spaced wire 
like elements whose surfaces have radii of 
curvature lying within the range from about 
.0015 to about .012 inch. 

2. An electric valve of the glow discharge, 
cold electrode type comprising in an atmos 
phere of helium an anode and a cathode com 
prising a wire-like helix of tantalum whose 
surfaces have radii of curvature lying within 
hange from about .0015 to about .012 
C 

3. An electric valve of the gaseous dis 
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charge type comprising a plurality of anodes, 
and a cathode structure coacting therewith 
comprising wire-like elements spaced from 
each other and whose surfaces have radii of 
curvature lying within the range from about 
.0015 to about .012 inch. 

4. An electric valve of the gaseous dis 
charge type comprising a plurality of anodes, 
and a coacting cathode structure comprising 
wire-like helical elements spaced from each 
other, and a terminal to which said elements 
are individually secured. 

5. An electric valve of the gaseous dis 
charge type comprising a plurality of 
anodes, a wire-like helix surrounding each 
anode, and a terminal structure to which the 
spaced helical convolutions are secured. 

6. An electric valve of the gaseous dis 
charge type comprising a plurality of rod 
like anodes, a tube-like cathode structure sur 
rounding each anode, each cathode structure 
comprising a series of spaced wire-like ele 
ments, and supporting members disposed re 
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spectively within said cathode structures and 
secured to each other. 

7. An electric valve of the gaseous dis 
charge type comprising a plurality of rod 
like anodes, a tube-like cathode structure sur 
rounding each anode, each cathode structure comprising a series of spaced wire-like ele 
ments, SEER, members disposed respec 
tively within said cathode structures and 
secured to each other, and a terminal con 
nected to said supporting members. 

8. An electric valve of the gaseous dis 
charge type comprising a bulb, a press there 
in, a cathode comprising a series of spaced 
wire-like elements, a support secured in said 
press and to which said elements are indi 
vidually secured, a rod-like anode secured 
in said press and extending within the said 
cathode elements, and a tube of insulating 
material secured to said press, said anode 
extending through said tube in spaced rela 
tion therewith, said tube extending to a point 
adjacent said cathode. 

9. An electric valve of the glow discharge 
cold electrode type comprising, in an atmos 
phere of helium, a hollow foraminous cath 
ode structure of tantalum, and a plurality 
of rod-like anodes disposed therein. 

10. An electric valve of the glow discharge 
cold electrode type comprising, in an atmos 
phere of helium, a hollow foraminous cath 
ode of tantalum, and an anode of tantalum 
therein. 

11. An electric valve of the glow discharge, 
cold electrode type comprising in an atmos 
phere of helium at a pressure of from 5 to 50 
millimeters of mercury, a hollow foraminous 
cathode structure of tantalum, and a rod-like 
anode disposed therein. 

12. An electric valve of the glow discharge 
type comprising in at atmosphere of helium, 
a plurality of tantalum electrodes, and a 
coacting cathode structure within which an 
anode extends comprising wire-like elements 
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of tantalum spaced from each other and hav 
ing small radius of curvature. 

ALMON N. FENTON. 


