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This invention relates to gaseous electrical dis 

charge devices, particularly for operation at high 
voltages. It is known to provide the discharge 
vessel oi' such devices with inserts which are ar 
ranged in the discharge path and impressed with 
a voltage lying between the anode and cathode 
voltages. The inserts consist of annular mem 
bers which create an electric ?eld between every 
two adjacent inserts such as substantialiy occurs 
between concentric spherical shells. 
The inserts in such a metallic-vapor discharge 

device reduce back ?res to a ̀ considerable extent, 
since the ions are deflected in the non-conduct 
ing period towards particular re-combínation sur 
faces by the electric ?eld produced by the inserts, 
so that a fresh formation of ions due to impact. 
ionization is substantially avoided. However, the 
known arrangements often present the drawback 
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that the inserts incur a considerable increase of . 
the arc drop voltage. It is true that in discharge 
devices operated at high vcltages the losses caused 
by the increase of the are drop voltage are not 
appreciable as regards the emciency of the device. 
However, these losses cause a considerable de 
velopment of heat which is di?äcult to dissipate 
in discharge devices for high current intensities. 
The object of the present invention is to pro 

vide a discharge device with annular inserts be 
tween the anode and cathode, in which only a 
small arc drop voltage is required, while retain 
ing the protection against back ?res. This is ac 
complished, according to the invention by pro 
viding composite annular members whose inner 
portions have their surfaces inclined with respect 
to the discharge path to a greater degree than 
the outer portions. In this manner an increased 
number of ions impinge-upon the surfaces of the 
annular members during the non-conducting pe 
riod. By the use of such inserts a considerable 
de-iom'zation of the ions is attained in the non 
conducting period, in which the ions follow the 
radially directed ?eld, whereas in the conductíng 
period the ions may reach the electrodes Without 
hindrance, since the control e?ect of the' inserts 
is rendered ineifective by the plasma of the dis 
charge. The central member is designed prefer 
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ably in the shape of a bowl so as to also prevent 
the ions from ?owing along the central axis. 
Further details will be apparent from the de 

scription of an embodiment of the' invention il- ' 
lustrated in the accompanying drawing in which 

Fig. 1 shows diagrammatically a longitudinal 
section through a discharge tube, Fig. 2 part of 
another embodiment, and Fig. 3 a portion of the 
recti?er tube of Fig. 2 on a larger scale. 55 

Referring to Fig. 1, l is the discharge vessel, 
for instance of ceramic material, [0 a mercury 
cathode from which an auxiliary arc passes to 
an auxiliary anode ll, |2 is the main' anode, l'l 
an alternating current source, and |8 a current 
consuming apparatus to be fed from source- ll 
through the rectifying discharge device. Two 
control grids l3 and !4 are arranged within a 
metallic shield !9 and connected with› a direct 
current source IE supplyingta positive bias to 
grid ?a, and with a control set l5 supplying grid 
M with an alternating grid voltage. As iaras 
described above, the arrangement issimílar to the 
one more fully disclosed in my Patent .No. 
2,205,230, and merely incidental› to the present 
invention proper. According to the 'present in 
vention, the tube shown in Fig. 1 is provided with 
a set of composite inserts 2 which will be de 
scribed in the following with reference to Fig. 3. 
Fig. 2 shows a similar arrangement except that 
the inserts 2 are arranged in an inverted posi 
tion. 
As apparent from Fig. 3, each of the inserts is 

composed of annular members 3, 4, 5 and 6 and 
of a bowl-shaped central member 1. The indi 
vidual members forming an insert are secured 
together by means of insulatíng bridgíng mem 
bers. During the non-conducting period an elec 
tric ?eld is produced between two adjacent inserts 
substantially as occurring between two concen 
tric spherical shells. The lines of force of each 
?eld run substantially as indicated by the dash 
lines 8. The surfaces of the individual members. 
forming the insertsgare somewhat inclined to the 

' axis of the vessel so that in the non-conducting 
period the greatest possible number of ions fol 
lowingthe electric ?eld of the inserts are inter 
cepted by the surfaces of the inserts, whereas 
in the conducting .period this control action of 
the inserts is rendered ineffective by the predomi 
nant effect_ of the main discharge between the 
main anode and cathode. 
The annular members 4, _5 and 6 have prefer 

ably 'such a height that the ̀ lines of force 8 
coming from the center of the spherical ?eld 
cannot freely pass through an insert. The in 
tercepting surfaces of the insert overlap one an 
other to a slight extent as regards these radial 
lines of force. It is also possible to prevent an 
undue amount of heat from being developed in 
the central portions of the inserts. To this end, 
it is only necessary to make the passages between 
the inner members of each insert member longer 
than the passages'o?ered to the 'discharge be 
tween the' outer members of each composite in 



2 
sert. As a result, the discharge current, when 
passing through an insert, is throttled near the 
inner members as compared with the portion of 
the discharge current passing between the outer ` 
members of the insert. The throttling is :prefer 
ably eñected to such an extent that the current 
density of the discharge, which otherwise is 
greater in the central portions than at the pe 
riphery, is rendered approximately uniform over 
the entire cross section. When designing the 
inserts care should be taken to see that the heat 
is suf?ciently dissipated :from the central portions 
of the inserts. To this end, it is necessary that 
the central portions of the, inserts project rrom 
the outer portions a corresponding amount in 
order that the radiation of heat from the cen 

, tral portions is not unduly prevented. Particu- > 
lar attention must further be directed to the de 
sign of the outer members 3 of the inserts, to 
prevent the formation of discharges between the 
parts 3 and the wall l of the vessel. To this 
end, the member 3 extends rather closely to the 
wall I and is considerably longer in the direction 
of the discharge path than the other insert mem 
bers. In the discharge device shown in Fig. l, 
the shíeld !9 forms part of the outer member 
3 of one of the inserts 2. 
Since the inserts are non-symmetrically de 

signed With respect to opposite discharge direc 
tions, they may, .to a certain degree, effect a valve 
action. For this reason the inserts are ?positioned 
in recti?ers with respect to the cathode and anode 
preferably in a di?erer?t manner than in inverted 
-converter, i. e. the inserts are preferably inverted 
as exempliñed by Figs. 1 and 2. 
What is claimed is: ` ' 
1. A uni?aterally-conducting gaseous electrical 

discharge device having a :cathode and an anode 
forming the electrodes of a discharge path, and 
conductive inserts arranged coaxial and trans 
verse to said discharge path to assume voltages 
between the cathode and anode voltages, said 
inserts consisting each of a composite structure 
comprising a plurality of concentric annular 
members spaced radially from one another, each 
of said members having a surface inclined With 
respect to said discharge path, the inclination 
of the surfaces of the inner members of the in 
sert structure being greater than the inclination 
of the surfaces of the outer members of the in 
sert structure. ' ~ 

2. A unilaterally-conducting gaseous electrícal 
discharge device having a cathode and an anode 
forming the electrodes of a discharge path, and 
conductive inserts arranged ?coaxial and trans 
Verse to said discharge path to assume voltages 
between the cathode and anode voltages, said 
inserts consisting each of a composite structure 
composed of a plurality of concentric annular 
members spaced radially from each other and 
arranged so that the insert structure has in gen 
eral a curved shape following the? general curva 
ture of the adjacent insert structure so as to 
produce an electric ?eld substantially such as 
occurríng .between concentric spherical shells, 
each of said members having a surface inclined 
towards said discharge path, the inclination of the 
surfaces of the inner members of the insert struc 
ture being greater than the inclination of the 
surfaces of the outer members of the insert struc 
ture. 

3. A unilaterally-conducting gaseous electrical 
discharge device having a cathode and an anode 
íorming the electrodes of a discharge path, and 
conductive inserts arranged coaxial and trans-' 
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verse to said discharge path to assume voltages 
between the cathode and anode voltages, said in 
serts consisting of a composite structure com 
posed of a central cup-shaped member and an 
nular members concentrically surrounding said 
central member, said members having surfaces 
inclined towards the axis of the structure, the 
inclination of the surfaces of the inner members 
of the insert structure being greater than the in 
clination of the surfaces of the outer members 
of the insert structure. 

4. A unilaterally-conducting gaseous electrical 
discharge device having a cathode and an anode 
forming the electrodes of a discharge path, and 
conductive inserts arranged coaxial and tranu 
verse to said discharge path to assume voltages 
between the cathode and anode voltages, said in 
serts consisting each of a composite structure 
comprising a plurality of concentric annular 
members spaced radially from one another and 
having inclined surfaces as regards the axis of the 
discharge path, the inclination _of the surfaces 
of the inner members of the insert structure be 
ing greater than the inclination of the 'surfaces 
of the outer members of the insert structure, said 
members'of each insert structure being arranged 
in staggered relationship and overlapping one 
another so that the substantially radíal lines of 
force of the electric ?eld established between ad 
jacent insert structures during the non-conduc 
tive period and extending from one insert struc 
ture towards the adjacent insert structure are 
prever?ted_ from extending through the anr?ular 
gaps between the members of said adjacent struc 
ture. ` ' 

5. A unilaterally?conducting gaseous electrical 
discharge device having a cathode and an anode 
forming the electrodes of a discharge ?path, and' 
conductive inserts arranged coaxial and trans 
verse to said discharge path to assume voltages 
between the cathode and anode voltages, said in-~ 
serts consisting each of a composite structure 
comprising a plurality of concentric annular 
members spaced radially from one another and 
having inclined surfaces as regards the axis of 
the discharge path, the inclination of the surfaces 
of the inner members of the insert structure be 
ing greater than the inclination of the surfaces 
of the outer members of the insert structure, said 
members of each insert structure being arranged 
in staggered relationship and overlapping one 
another in a degree increasing from the outer 
towards the inner members of the structure 'so 
that the interstitial annular passages for the dis 
charge are longer between inner insert members 
than between outer insert members. 

6. A unilaterally-conducting gaseous electrical 
discharge device having a cathode and an anode 
forming the electrodes of a discharge path, and 
conductive inserts arranged ?coaxial and trans 
verse to said discharge path to assume voltages 
between the cathode and anode voltages, said in 
serts consisting each of a composite structure 
comprising a plurality of concentric annular 
members spaced radially from one another and 
having inclined surfaces as regards the axis of the 
discharge path, the inclination of the surfaces of 
the inner members of the insert structure being 
greater than the inclination of the surfaces of 
the outer members of the insert structure, said 
members of each insert structure being arranged 
in stepped relationship, each inner insert ̀ rproject 
ing from the adjacent outer insert to permit heat 
dissipation by radiation from the inner inserts. 

7. A unilaterally-conducting_ gaseous electrical 



discharge device having a cathode and an anode 
forming the electrodes of a discharge path, and 
conductive inserts arranged coaxial and trans 
Verse to said discharge path to assume voltages 
between the cathode and anode voltages, said in 
serts consisting each of a composite structure 
comprising a, plurality of concentric annuiar 
members spaced radíally from one another and 
having surfaces inclined towards the axís of the 
discharge path, said members of each insert 
structure overlapping one another so that the 
lines of force of the electric ?eld established be 

II) 
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tween adjacent insert structures during the non 
conductive period and extending from one insert 
structure toward-is the adjacent insert structure 
are prevented from extending through the annu 
lar gaps between the members of said adiacent 
structure, the extent of the overlapping of said 
members increasing from the cuter towards the 
inner members of the structure so that the inter 
stitial annular passages for the discharge are 
longer between inner insert members than be 
tween outer insert members. 

MAX STEENBECK. 


