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The present invention relatesto electrical 
apparatus and more particularly to the type 

electrical apparatus disclosed in the pat 
ent to Smith i,617,179 granted Feb. 8, 1927. 

5 The patent referred to above discloses a 
novel type of electrical :: apparatus which operates to control the lengths ofelec 
tron paths between electrodes in a gaseous 
medium by the formation of a space charge 

1o of positive ions. In its simplest and best 
known form the invention comprises a hollow 
cathode provided inone face with an open 
ing, which is spaced from the surface of a 
cooperating anode by a distance which is 

15 short and comparable to the mean free path 
ofelectrons in the gas in which the electrodes 
are immersed. By means of the opening in 
the hollow cathode, electrons passing from 
the interior of the hollow cathode to the an 

20 ode are enabled to take sufficiently long paths 
to initiate gaseous conduction, This conduc 
tion, however, forms within the hollow cathode a space charge of relativelyimmobile 
positive ions, which remain therein for a con 

25 siderable length of time. Upon a reversal 
of potential, electrons leaving the region ad 
jacent the anode are blocked from entering 
the cathode andare thus restricted to short 
paths, thereby rendering conduction impos 

30 sible, as explained more particularly in a 
patent to Smith 1,545207 granted July 7, 
1925. Devices of this type have a fairly low 
voltage drop and may be used as rectifiers 
with high efficiency. O 
The object of e present inventionisto 

provide improvements in apparatus of this 
35 

generaltype in orderto extend the range of 
operation and to allow the use of higher 
voltages. O 

With this object in view, one feature of the invention provides for the more positive lim 
iting of electrons in the reverse direction to 
short paths without appreciably affecting the 
paths of electrons traveling from the hollow 

45 cathode to the anode. 
Other features of the invention consist of 

certain novel features of construction, here 
inafter described and claimed, the advan 
tages of which will be apparent to those 

50 skilled in the art upon reference to the fol lowing description. 
In thedrawings Fig. 1 is an elevation in 

section of an apparatus embodying the fea 
tures of the present invention shown in con 

40 

and extending into a concentric well formed 

nection with a simple rectifying circuit; Fig. ss 
2isa sectional elevation : : 
the invention;Fig. 3 is a section online 3-3 
of Fig. 1; and Fig. 4 is a section online 4-4 of Fig. 2. 
The illustrated embodiment of the inven tion provides a conducting surface adiacent 

the opening in the cathode for the purpose of positively determining the selective opera 
tion upon the electron paths. To thisend, 
two modifications of the inventionare shown. 
he first employing,such a conducting sur 

face connected with the cathode and the 
second employing the desired surface in 
cooperation with the anode. In the first 
modification a baffile plate is preferably 
placed opposite the opening in the cathode 
and Spaced a short distancetherefrom. By 
this means electrons passingfrom the interior 
of the cathode areenabled to take curved 
paths between the baffile plate and the open 
ing and pass therefrom to the anode. How 
ever, upon reversal of potential the electron 
paths, because of their inertia, are unable 
to follow the electrostatic lines of force 
through all their convolutions and therefore 
impinge upon the baffile plate without having 
traversed sufficiently long paths to initiate 
conduction. The second modification em 
ploys a long axialpin connected to the anode 
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in the cathode in such a manner that thein 
terior surface of the cathode performs the 
Same function as the baffile plate in the other 
modification. 

Referring to Figs. 1 and 3, the first mod 
ification of the invention comprises a re 
ceptacle 6, preferably of glass, filled with an 
inert gas such as helium. Supported within 
the receptacle are an anode 9 and a cathode 
10 of conducting material, the latter being 
hollow and having a surface opposing that 
of the anode and separated therefromby a 
distance which is short and comparableto 
the mean free path of electrons in the gas, 
that is a distance such that electrons travel 
ing directly across the gas space between the 
electrodes produce insufficient ionization to 
initiate substantial conduction, the mean free 
path of the electrodes being understood to be 
the average distance traversed by the elec 
trons withoutionizingimpact with gas mole 
cules (or atoms). This surface of the cath 
ode is provided with an opening about which 
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10 

2 

extends a sleeve 11 enclosing a circular pas 
sage 13. Opposing this passage and spaced 
a short distance from the sleeve 11 is pro 
vided a baffile plate 15, which is supported 
upon a suitable pin 16 riveted or otherwise 
attached to the rear surface of the cathode. 
Both electrodesare supported in the recep 
tacle by suitable straps 18 sealed into the 
receptacle. The simple rectifying circuit 
shown in Fig. 1 comprises a generator 40 and 
a transformer 41, the secondary of which 
is connected in series with the electrodes 9 
and 10 and with a suitable load indicated 
in the figure. Aspreviously stated, this form 
of the invention depends, in addition to the 
space charge effect, upon the selective action 
of the baffile plate in allowingelectrons to 
pass from the hollow cathode to the anode and 
in cutting short the paths of electrons pass 
ing from the anode to the cathode. With 
this arrangement, it is possible to operate 

º the device at much higher voltages with a 
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better degree of rectification than the simpler 
type without the baffle plate. 
The modification shown in Figs. 2 and 4 

comprises also an anode 9 and a cathode 10 
immersed in a receptacle 6 and having op 
posite faces separated by distances which 
are short and of the order of magnitude of 
the mean free path of electrons in the gas. 
In this case, however, the cathode is pro 
vided with a long sleeve 12 extending nearly toühe interna surface of the cathode The 
anode is provided with a pin 17 extending 
into the well surrounded by the sleeve 12. 
In order to prevent disappearance of the gas 
and deterioration of the electrodes, it is de 
sirable to enclose in the cathode a small 
amount of conductingmaterial which becomes 
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liquid at the operating temperatures of the 
device. A suitable material for this purpose 
is pure tin which melts at 232°C. and which 
has a very low vapor pressure at ordinary 
operatingtemperatures. The surface of the 
tin should come fairly close to the end of the 
sleeve 12 in order that it mav serve the same 
: as the baffile plate shown in Fig. 1. 

y this means also itis possibleto employ 
fairly high voltages and : a high degree 
of rectification, that is to say, a condition in 
which practically no current passes from the 
anode to the cathode under a reverse po tential. 

I claim: 
1. Agaseous discharge device comprisinga 

tube containing a hollow electrode, another 
electrode presented to the interior of the hol 
low electrode, said electrodeshaving adiacent 
surfaces within an insulatingly short dis 
tance from each other, and aprojection ex 
tending inwardly of and from the hollow 
electrode. 

2. A gaseous discharge device comprising 
a tube containinga hollow cathode, an anode 
presented to the interior of the hollow cath 
ode, said electrodes having adjacent surfaces 
within an insulatingly short distance from 
each other, and a projection extending in 
wardly from the hollow cathode. 

3. A gaseous conduction discharge tube 
comprising an envelope housing a gas, a 
hollow cathode having a reentrant opening 
and an anode spaced from said opening an 
insulating distance, said cathode housing a 
baffile projecting from its inner wall to a 
point adjacent the inner end of said reen 
trant opening. 

CHARLES G. SMITH. 
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