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This invention relates to a device comprising 
an incandescent-cathode converter tube With 
gaseous anu/or vapour filling whose discharge 
path between the catnode and the anode is cut 
by the lines of force of a magnetic lieid Willose 
field intensity is so chosen as to obtain at least 
approximately the minimum value of tine arc 
voltage of the tube as a function of this field 
intensity. 

It is already known to choose the intensity 
of the magnetic field in the above-described 
manmer. Ti'hus, different arrangements of this 
kind existed already, for example according to 
British patent specification 396,928 and accord 
ing to the publication by T. Jurriaanse in 
“Physica,” IV, No. 1, January 1937 pages 23-24. 
However, in these cases disadvantages were in 
voived such, for example, as a comparatively 
high arc-voltage as a result of the fact that 
the arrangement of the magnet poles relatively 
to the discharge path between the cathode and 
the anode was not chosen advantageously. This 
resuited in the life of the tube being injuriously 
affected due to cathode atomisation. 
The purpose of the invention is to increase 

the life of the tube relatively to the known con 
structions to a considerable extent whilst retain 
ing a high blocking power, and this more par 
ticularly by means of a further decrease of the 
arc-Voltage. In proportioning the electric ar 
rangement, factors were considered which had 
not beem taken into account hitherto. 
According to the invention, for this purpose 

the construction and the arrangement of the 
tube and of the magnetic field are SO chosen 
that the anode is arranged outside that part 
of the magnetic field which cuts the emitting 
surface of the cathode, preferably arranged 
Symmetrically in the axis of the field, and the 
anode, from the middle of the cathode, can be 
Seen under the largest angle of at least 120, 
while the strength of the magnetic field at the 
active surface of the anode is preferably less 
than 5 gauss. In such an arrangement the dis 
charge is concentrated to form a beam in the 
direction of the magnetic field which has ap 
proximately the transverse dimensions of the 
cathode, the light in the remaining part of the 
discharge Wessel being weak. The anode is lo 
cated outside the highly luminous part of the 
discharge. This arrangement results in the 
blocking power of the tube remaining high owing 
to the arrangement of the anode outside the 
magnetic field, while a low arc-voltage is ob 
tained as a result of the discharge paths of wide 
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Sections and Small length which may occur be 
tween the anode and the cathode as a result of 
the arrangement of the former. 
The tests on which the invention is based 

have revealed that the above-mentioned arrange 
ment of the cathode and of the anode permits 
of obtaining such values for the arc-voltage 
as corresponds approximately to the ionization 
Voitage of the internal atmosphere of the tube 
at pressures which, for example for mercury 
Vapour, fall down to the region of 103 mm. Hg. 

In this case in particular, by means of a cor 
rect choice of the field strength, of the dimensions 
of the arrangement and of the place of the emit 
ting Surface of the cathode, it is possible to utilize 
a cathode having about the same size and life 
as without the use of a magnet field would be 
possible only at a considerably higher pressure. 
Use Will preferably be made of a large-size cath 
Cde whose largcst diameter is substantially nor 
mal to the lines of force of the magnetic field. 
It is known to provide a magnetic field in the 

longitudinal axis of a cylindrical anode, in which 
a straightly stretched filiform incandescent 
cathode is located coaxially. The purpose of 
this construction is to vary and to reduce to 
Zero the current intensity of the discharge by 
means of a transverse magnetic field, there being 
no question of the obtainment of an arc-voltage 
decrease and still less question of an arc-voltage 
minimum. The arrangement of the filiform 
cathode is also less adapted to obtain the effect, 
of the invention. 
Using the principle of the invention, it is ad 

Visable for the generation of the magnetic field 
to utilize sharply limited field poles, since in 
contradistinction to what takes place in the case 
of generation of the field, for example by means 
of a Solenoid, such field poles offer the possi 
bility inside the discharge vessel to obtain a 
comparatively sharp boundary of the part of 
the field with high field strength relatively to 
the comparatively fieldless parts of the discharge 
Space. 
On the one hand it is possible to form the 

magnetic field about the cathode by blocks of 
permanent magnet material which are arranged 
on each side of the cathode, preferably inside 
the discharge vessel of the tube. 
In this case it is possible in a particularly ad 

vantageous manner to determine the place where 
the anode is located in as weak a magnetic field 
as possible, since when the magnetic lines of 
force return from the side, remote from the 
Cathode, of one magnet block along the outside 
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to the corresponding side of the other magnet 
block, the direction of the lines of force is re 
versed relatively to the axis of the magnetic 
field. Between these two regions of opposite 
field directions there is at a given distance from 
the axis an annular region in which the field 
strength is nil, whereas it increases outwardly 
in one direction and inwardly in the other di 
rection, attaining its maximum value in the axis 
of the magnetic field. 
According to the invention, it is advisable that 

this circumstance should be considered with the 
use of the above-described blocks of permanent 
magnet material by adapting the pole-strength, 
the spacing between the blocks and the dimen 
sions of the anode or anodes to each other in such 
manner that the anode falls within the said sub 
stantially fieldless annular region, which exists 
between the above-mentioned magnetic lines of 
force of opposite signs. . 
A highly advantageous embodiment of this idea 

is obtained if the arrangement is so chosen that 
a plane anode in the form of a horse-shoe or ring 
is arranged with its surface normal to the axis 
of the magnetic field and in the Surface of Syn 
metry between the permanent magnet blocks, in 
which surface the cathode is arranged centrally, 
while the mean distance between the axis of the 
field and the various points of the active surface 
of the anode is the V2-fold of half the mutual 
distance between the permanent magnetic blocks. 
Another method of decreasing the intensity of 

the magnetic field near the anode follows the 
opposite way by causing the magnetic lines of 
force to extend through the material of the anode 
itself, so that the discharge space near the anode 
is no longer traversed by these lines of force. 
For this purpose the anode which, if desired, may 
form the wall of the tube may be utilized as the 
external magnetic connection of the poles, remote 
from the cathode, of the blocks of permanent 
magnet material, preferably in such manner that 
no appreciable intensity of the magnetic field 
occurs along the active surface of the anode. 

However, it is also possible outside the dis 
charge vessel of the tube to provide a permanent 
Or, energized magnet whose pole-shoes are con 
siderably smaller than the diameter of the dis 
charge vessel and placed On each side thereof in 
line with the Cathode. 
In all these cases it is advisable for the mag 

netic bodies or the poles to be made smaller than 
the largest projection of the Cathode in their 
direction. 

It is frequently also possible to maintain the 
field strength in the proximity of the anode or 
anodes at a low value by making the latter of a 
non-magnetic material SO as to prevent it from 
attracting the magnetic lines of force. The same 
result is obtained when the anode is made of 
material which is not magnetic at the operating 
temperature of the tube, 
In Connection with the load capacity of the 

tube and the obtainment of a low arc-voltage, 
it is desirable that the active surface of the anode 
should not be too small relatively to the trans 
verse dimensions of the magnet field (pole) and 
of the cathode. A sufficient surface of the anode 
is considered to be present if the width of the 
active surface of the anode is larger than the 
Smallest dimension of the transverse section of 
the magnet pole. 

It is desirable that on each side of the cathode 
conductive bodies, for example plates, should be 
provided transversely to the magnetic lines of 
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force and the anode or anodes should be placed in a circular and symmetrical manner relatively 
to this axis about the cathode, these limiting 
bodies covering at least the projection of the 
cathode in the direction of the lines of force and 
being preferably arranged at Such a mutual dis 
tance that approximately the minimum value of 
the arc-voltage as a function of this distance is 
obtained. In fact, the experiments on which the 
present invention is based have revealed that this 
function exhibits a minimum. Under otherwise 
unvaried conditions the arc-voltage increases 
with the distance between the pole-bodies of the 
magnetic field, as it then occurs that the limit 
ing bodies are too far remote from each other. 
Also with too small a dimension of the discharge 
Space in the direction of the magnetic field, it 
then occurs that there is too small a spacing be 
tween the limiting bodies. 
The foregoing may be taken into account in a 

highly advantageous manner by utilizing the 
pole-bodies or pole-shoes in the tube, which are 
arranged on each side of the cathode, as limiting 
bodies, it being advisable to give the latter cath 
Ode potential, or a potential which is at most a 
few tens of volts negative or a few volts positive 
relatively to the cathode. The latter offers in 
Some cases the advantage that the arc-voltage 
in the direction of passage is still further de 
creased. 

It is advisable for the anode Or the anodes and 
the cathode to be separated by a screen arranged 

1 within the anode or anodes, preferably in Such 
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manner that all straight lines which may be 
5 drawn between arbitrary points of the active Sur 
face of the Cathode On the One hand and points 
of the surface of the anode on the other hand 
cut the Screen. It is thus possible for the block 
ing power of the tube to be increased to a con 
siderable extent, since the particles originating 
from the cathode are prevented from reaching 
the anodes along a straight-line path. 
This screening bush between the anode and the 

Cathode must be made of non-magnetic material, 
or at least of a magnetic material which at the 
operating temperature attains a temperature 
above the Curie-point as a result of the heat pro 
duction of the Cathode. 
A highly advantageous construction of the de 

vice according to the invention is obtained if the 
internal members of the tube between which a 
high potential difference, for example the block 
ing voltage of the tube, may occur, are so ar 
ranged that the length of the free electrostatic 
paths of the lines of force between the said 
members is not more than about the average free 
length of the electron path at the operating pres 
Sure of the tube. It is thus always ensured that 
the pd-value for the discharge path between the 
anode and the cathode is equal to a point of the 
break-down potential curve of Paschen which is 
located on the left of the minimum. As is well 
known, in this case a higher blocking voltage is 
obtained according as the electrode spacing is 
Smaller So that the compactness of the construc 
tion is promoted. 

In elaborating the foregoing it is advisable for 
One or more anodes to be placed in a hollow 
cylindrical manner about the cathode and co 
axially of the magnetic field and to cause them, 
jointly with the limiting bodies in which blocks 
of magnetic material are inserted on each side 
of the cathode, to constitute a box-shaped 
Screening which contains, symmetrically rela 

75 tively to the discharge space, the cathode screened 
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radially reiatively to the anode or anodes, this 
space being bounded on each side in the field 
direction by flat planes, of which the front sides 
of the magnet blocks form part. This construc 
tion offers the advantage that a highly compact 
discharge space is obtained which "may be cir 
cumscribed on all sides by smooth surfaces, 
while the formation of free electrostatic paths of 
lines of force of excessive length is preliminarily 
avoided by the box-shaped character of the whole 
of Screens and anode Or anodes. 

If in one of the above-described manners the 
cathode is separated from the anode by a screen, 
it is advantageous to construct this screen, pref 
erably jointly with the limiting bodies, as a con 
trol member for the passage of the discharge. 
In order that the invention may be more clearly 

understood and readily carried into effect, it will 
be explained more fully with reference to the 
accompanying drawing showing, by way of ex 
ample, a few embodiments thereof. 

Figs. 1, 2 and 3 show constructions of tubes to 
be used in devices according to the invention. 

Fig. 1 shows schematically a converter tube 
comprising a discharge vessell, an incandescent 
cathode 2 and an anode 3 which are led to the 
exterior in a vacuum-tight manner in 4, 5 and 6 
respectively. Outside the tube is a permanent 
magnet 7 with pole-pieces 8 and 9, arranged on 
each side of the discharge vessel . In addition, 
two limiting bodies to and it? are located at the 
height of these pole-pieces and traverse to the 
axis of the cylindrical anode 3, said limiting 
members being connected electrically and me 
chanically to the cathode. Due to the action of 
the magnetic field, the discharge is concentrated 
in the cross-hatched region f2 which is consti 
tuted by projection of the cathode in the direc 
tion of the lines of force and bounded on each 
side by the bodies to and . The anode 3 is lo 
cated very advantageously outside this concent 
trated part of the discharge with the result that 
low arc-voltages are obtained, while also the in 
tensity of the magnetic field of the anode has 
Still a, but low value and the blocking power of 
the tube is not appreciably decreased. 

Fig. 2 shows a construction in which the anode 
is also arranged cylindrically about the cathode 
but is located in a magnetic field generated by 
blocks 22 and 23 of magnetic material with poles 
of the same sign, which are mounted symmetri 
cally above and below the cathode in cylindrical 
box-shaped limiting members 24 and 25 which 
are co-axially arranged in the tube. The cath 
Ode 2, too, is surrounded by a box-shaped screen 
26 having axial apertures 27 and 28 whose sec 
tion is so chosen that a sufficient electrostatic 
Screening of the cathode is obtained without in 
volving an undesirable increase of the arc-volt 
age in the direction of passage. The bodies 24, 
25 and 26 are constructionally joined to each 
other and led to the exterior in 29, so that it is 
possible to use the whole as a control member 
for the tube. Besides, the lower part of the body 
25 is provided with an annular screen 30 which 
constitutes an obturation relatively to the glass 
Wall which adjoins the anode cylinder 20 closed 
on top, the arrangement being such that electro 
static paths of lines of force of undesired length 
Cannot extend freely between the terminal wires 
3, 32 and 33 on the one hand and the terminal 
wire 34 of the anode on the other hand. This 
construction permits of obtaining a tube having 
an extremely high blocking power which, in spite 
of the required low pressure of the gaseous or 
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vapour atmosphere during operation, exhibits an 
excellent life of the cathode, since the arc-voltage 
in the direction of passage is very low in spite of 
the low pressure, 

Fig. 3 shows schematically a tube of which like 
parts are provided with the reference numerals 
as in Fig. 1. The discharge vessel contains an 
incandescent cathode 2 whose supply wires are 
led to the exterior in 4 and 5, whereas the flat 
annular anode 5 is led to the exterior in 6 at 
the opposite end of the discharge vessel. In 
contradistinction to the case shown in Fig. 1, the 
magnets 6 are here located inside the discharge 
vessel , coaxial and on each side symmetrical 
of the anode 5. The direction of the magnetic 
lines of force is shown schematically, whereas 
the region having a field strength equal to naught 
is indicated by a dot-and-dash line. The con 
struction is so proportioned and arranged that 
the anode lies in a region where the field strength . 
is practically nil. In this connection it may be 
mentioned that with a distance 2d of the blocks 
the diameter of the equator plane in which the 
field strength is nil has about the size of 2d V2. 
A cylindrical screen f7 is arranged coaxially 
inside the anode 5, said screen separating the 
cathode in the radial direction from the anode 
and being placed at cathode potential. Due to 
this Screen, the cathode "cannot see' the anode 
So that the latter is screened in straight line from 
particles, for example of activating material, 
Originating from the cathode. 
When in this description and in the claims 

reference is made to “the anode,' this has to 
be understood to mean also a plurality of anodes, 
What we claim is: 
1. An electron discharge device comprising a 

converter tube With a gaseous filing, an incan.- 
descent cathode in said tube and having a major 
axis, an electron emitting surface along said 
major axis of Said cathode to emit electrons sub 
stantially perpendicularly to said emitting sur 
face, means to establish a magnetic field trans 
Versely to Said major axis of said cathode and 

i5 having a part of said field passing through the 
said emitting surface in the direction of said 
electron emission, and an anode in said tube 
encircling said cathode and substantially sym 
metrically positioned with respect thereto and 
coaxially disposed about and outside of that part 
of the magnetic field which passes through the 
emitting Surface of said cathode, said magnetic 
field having a strength such that approximately 
the minimum value of the arc voltage of the 
tube as a function of the field strength is obtained 
and the intensity of the field at the anode is 
Within 5 gauss. 

2. A device as claimed in claim 1, in which 
the magnetic field is constituted by blocks of 
permanent magnet materiai which are arranged 
coaxially one on each side of the cathode and 
Within the discharge vessel of the tube. 

3. A device as claimed in claim 2, in which the 
anode is in the form of a ring, and is arranged 
With its Surface normal to the axis of the mag 
netic field and in the surface of symmetry 
between the permanent magnetic blocks, in 
which surface the cathode is placed centrally, 
while the average distance between the axis of 
the field and the various points of the active 
surface of the anode is the V2-fold of half 
the distance between the permanent magnetic 
blocks. 

4. A device as claimed in claim 1 in which a 
magnet is disposed outside the discharge vessel of 

  



the tube the magnet having pole-shoes that are 
considerably smaller than the diameter of the 
discharge path and that are placed on each side 
thereof in line with the cathode. 

5. A device as claimed in claim 2 in which the 
magnetic poles are smaller than the largest pro 
jection of the cathode in their direction. 

6. A device as claimed in claim 2 in which the 
anode is made of material which is not magnetic 
at the operating temperature of the tube. 

7. A device as claimed in claim 2 in which the 
width of the active surface of the anode is larger 
than the smallest dimension of the transverse 
section of the magnet pole. 

8. A device as claimed in claim 2 comprising 
conductive plates arranged on each side of the 
cathode transversely to the magnetic lines of 
force and the anode is placed in a circular man 
ner and symmetrically relatively to this axis 
about the cathode, the conductive plates having 
a dimension transverse to the axis that is suf 
ficient to cover the projection of the cathode in 
the direction of the axis the lines of force and 
said plates being arranged at Such a mutual dis 
tance that approximately the minimum value of 
the arc-voltage as a function of this distance is 
obtained. 

9. A device as claimed in claim 8, in which the 
plates provided on each side of the cathode are 
constituted by pole-shoes present in the tube. 

10. A device as claimed in claim 9, in which the 
plates are placed at cathode potential. 

11. A device as claimed in claim 10, in which 
the anode and the cathode are separated by a 
screen arranged within the anode in Such man 
ner that all straight lines which may be drawn 
between points of the active surface of the 
cathode and of the surface of the anode cut the 
SCeel. 

12. A device as claimed in claim 11, in which 
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the screening bush between the cathode and the 
anode is non-magnetic at the operating tem 
perature that the tube attains as a result of the 
heat production of the cathode. 

13. A device as claimed in claim 11, in which 
the internal members of the tube between which 
a high potential difference, for example the 
blocking voltage of the tube, may occur, are so 
arranged that the length of the free electro 
static paths of the lines of force between these 
members is not more than about the average 
free length of the electron path at the operat 
ing pressure of the tube. 

14. A device as claimed in claim 11, in which 
the screen about the cathode, and the plates are 
adapted for use as control members for the con 
trol of the passage of the discharge through the 
tube. 
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