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This invention relates to improvements in arc 
discharge tubes and more particularly to dis 
charge tubes of the said kind adapted for rec 
tifying alternating currents, and forms a con 
tinuation in part of my copending application 
Ser. No. 736,343, filed Sept. 6, 1924. 

It has already been proposed to use in such 
discharge tubes an incandescent cathode yield 
ing an emission of electrons which is sufficient 
for the operation of the tube at a temperature 
materially lower than in the case of electrodes 
of tungsten. Thus for example electrodes have 
been used the surfaces of which contain one or 
more Oxides of the alkaline earth metals. 

It is also known to use, in arc discharge tubes 
having an incandescent cathode of the kind de 
Scribed, a gaseous filling consisting of a rare. 
gas and more particularly of argon, the pressure 
of which may be several centimetres of mercury. 
The invention has for its object to improve 

discharge tubes of the said kind so as to pro 
long their life Without impairing their efficiency. 
A discharge tube according to the invention 

is provided with an incandescent cathode yield 
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ing an emission of electrons sufficient for the 
operation of the tube at a materially lower tem 
perature than electrodes of tungsten, an anode 
and a gaseous filling consisting of a rare gas or 
a mixture of rare gases, the pressure of the gas 
Or gaSeS and the distance between the electrodes 
being Such that the tension at the arc is lower 
than the tension of ionization of the gaseous fill 
ing. By the expression “tension of ionization 
of the gaseous filling' is meant the tension of 
ionization of the gas that fills the tube or in the 
case of the mixture of gases the lowest tension 
of ionization of the latter. The expression 
“tension at the arc' is to be understood to mean 
the virtual voltage during the half-period in 
which the current flows. 
The pressure of the rare gaseous filling prefer 

ably lies between five millimetres and five cen 
timetres of mercury. Particularly advantageous 
is a gaseous filling of argon having a pressure 
between 10 and 20 millimetres of mercury. The 
distance between the electrodes depends on the 
nature and the pressure of the gaseous filling. 
As a rule the distance is rather Small. In many 
cases it may be for example Smaller than 1 cen 
timetre. 
The incandescent cathode which yields an 

emission of electrons Sufficient for operating the 
tube at a materially lower temperature than 
electrodes of tungsten, may consist for example 
of a Wire of platinum nickel or similar metal 

(CI. 250-27) 
having a rather high melting point, the said 
Wire being coated With one or more oxides of 
the alkaline earth metals. The incandescent 
cathode may also comprise a body of platinum, 
nickel or a similar metal the surface of which 
is alloyed with one or more alkaline earth metals, 
at least part of the latter being oxidized. 
The incandescent cathode may be constructed 

for example by applying upon a body of a metal 
Such as platinum or nickel, a compound which 
is decomposed by heat to produce an oxide of an 
alkaline earth metal. Thus for example barium 
nitrate may be applied upon the surface of the 
aforesaid body, said barium nitrate being de 
composed by heat into barium oxide and NO2. 
The acCOIn panying drawing illustrates dia 

grammatically a discharge tube, according to the 
invention Serving as a rectifier and also shows 
the connections for its operation. 
The discharge tube comprises a bulb of 

glass or Similar material to which a glass tube 
2 is hermetically fused. Leading-in wires 3 and 
4 for an incandescent cathode 5 as well as a 
leading-in wire 6 for an anode 7 are sealed in the 
clamped portion at the end of tube 2. 
The incan descent cathode comprises a recti 

linearly suspended coiled wire, for example of 
nickel, coated With material Such as barium 
oxide or Some other alkaline earth metal oxide 
or mixtures thereof which at a comparatively 
low temperature emit electrons to a marked ex 
tent. Good results are also obtained With an 
incandescent cathode of nickel the surface of 
which is alloyed With barium, at least part of 
which is oxidized. The anode 7 comprises a 
nickel plate which is cylindrically bent and Sur 
rounds the cathode substantially concentrically. 
The gaseous filling consists of a rare gas, pref 

erably of argon. The preSSure of the said gas 
and the distance between the cathode 5 and the 
anode 7 are such that when the arc discharge 
occurs, the potential difference between the elec 
trodes is lower than the tension of ionization of 
the gas. In the case of argOn the tension at the 
arc is therefore lower than 15.3 Volts. In a 
special construction in which the pressure of 
the argon is 15 millimetres and the distance be 
tween the electrodes is about 5 millimetres the 
tension at the arc may be about 5 to 10 volts, 
for example 6 volts. 

Slight additions of other gases or vapours, for 
example of mercury Vapour, Sometimes occur in 
the rare gaseous filling without producing pre 
judicial effects. 
The rectifier according to the drawing may be 
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used for example for charging a battery 4. In 
this case the circuit arrangement may be as 
ShOWn in the drawing, the voltage of the sec 
Ondary Winding if of a transformer being Sup 
plied between the cathode 5 and the anode 7. 
The primary winding ?o of the said transformer 
inay be connected to a low voltage commercial 
supply. In order to operate the tube a switch 
3 is closed, the incandescent cathode being thus 
connected to a portion of the secondary Winding 
Af. When the incandescent cathode has reached 
the required temperature, an arc discharge oc 
Curs between the same and the anode 7, where 
upon the SWitch 3 may be opened. After that 
the incandescent cathode is maintained at the 
required temperature under the influence of the 
arc discharge. A regulating resistance 5 is 
mounted in series with the battery 4. 
The discharge tube according to the invention 

is particularly adapted for charging Small bat 
teries of for instance 2 to 10 Volts and Operates 
at a materially higher efficiency than the dis 
charge tubes operating with an arc discharge and 
having an incandeScent cathode of tungsten, and 
being used for Similar purposes. 
What I claim is:- 
i. In combination, an arc discharge device 

comprising an envelope, concentrically-arranged 
cathode and anode Within said envelope, said 
cathode being oxide-coated and Surrounded by 
Said anode, the distance between said Cathode and 
anode being less than and of the order of one 
Centimeter, a gaseous filling within said enve 
lope having a pressure less than two centimeters 
Of nercury and Sufficiently high to produce an 
arc discharge in said device upon application of 
a potential to said cathode and anode, means for 
heating said cathode, and means for applying an 
arc discharge sustaining potential to the cathode 
and anode. 

2. In combination, an arc discharge device 
comprising an envelope, concentrically-arranged 
Cathode and anode Within Said envelope, Said 
cathode being oxide-coated and Surrounded by 
Said anode, the distance between Said cathode 
and anode being less than and Of the Order of 
one centimeter, a gaseous filling within Said en 
velope having a pressure less than two centimeters 
of mercury and sufficiently high to produce an 
arc discharge in said device upon application of 
a potential to said cathode and anode, means for 

2,058,950 
continuously heating said cathode during opera 
tion of the device, and means for applying an arc 
discharge Sustaining potential to the cathode and 
anode. 

3. In combination, an arc discharge device 
comprising an envelope, concentrically-arranged 
cathode and anode within said envelope, said 
cathode being oxide-coated and surrounded by 
Said anode, the distance between Said cathode 
and anode, being less than and of the order of 
One centimeter, a gaseous filling within said en 
velope having a pressure less than two centime 
ters of mercury and Sufficiently high to produce 
an arc discharge in said device upon applica 
tion of a potential to said cathode and anode, 
means for heating said cathode, and means for 
applying an arc discharge substaining potential 
to the cathode and anode, Said potential being 
less than the ionization potential of Said gas. 

4. In combination, an arc discharge device 
comprising an envelope, concentrically-arranged 
Cathode and anode within said envelope, said 
Cathode being oxide-coated and surrounded by 
Said anode, the distance between said cathode 
and anode being less than and of the order of 
One centimeter, a gaseous filling within Said en 
velope having a pressure less than two centi 
meters of mercury and Sufficiently high to pro 
duce an arc discharge in said device upon ap 
plication of a potential to said cathode and an 
Ode, and means including a transformer for con 
tinuously heating said cathode during operation 
of the device, and for applying an arc discharge 
Sustaining potential to the cathode and anode. 

5. In combination, an arc discharge device 
Comprising an envelope, concentrically-arranged 
cathode and anode within said envelope, said 
Cathode being oxide-coated and Surrounded by 
Said anode, the distance between said cathode 
and anode being less than and of the order of 
one centimeter, a gaseous filling within said en 
Velope having a pressure less than two centime 
ters of mercury and sufficiently high to produce 
an arc discharge in Said device upon application 
Of a potential to Said cathode and anode, means 
for heating said cathode, and means for apply 
ing an arc discharge sustaining potential to the 
cathode and anode, said last-mentioned means 
including a load circuit comprising a series-con 
nected load and regulating resistance therefor. 

JOHANNES BRUIJNES. 
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