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This invention relates to a device for extin guishing a gas- or vapor-filled discharge tube 
having a mercury cathode, more particularly for 
use in installations designed for high voltages 
and large powers and fed with direct current. 
The invention has for its object to provide an 

improved extinguishing device wherein the ex 
tinction is effected by means of a voltage impulse 
obtained from a previously charged condenser, 
which at the moment of extinction delivers a dis 
charge impulse through the discharge tube and/or 
on one or more auxiliary electrodes thereof. As a 
rule this method of extinction is very suitable for 
extinguishing tubes having a mercury Cathode in 
conjunction with the fact that during the 
extremely short time available for the extinction 
the cathode spot can be caused to disappear So 
that the discharge is interrupted. w 

However, this method often entails the draw 
back that the voltage, which is reapplied to the 
discharge tube after extinction and is usually 
much higher than the operating Voltage acroSS 
the tube before the extinction, also exists acroSS 
the parallel branch consisting of the Series-con 
nection of the above-mentioned switching mem 
ber and the extinguishing condenser. For this 
reason the extinguishing condenser must be de 
signed for a much higher voltage than is neces 
Sary in view of its function during the period of 
extinction. This drawback particularly occurs 
when discharge tubes having a mercury cathode 
are used, in view of their fundamental fitness for 
this purpose, for the passage of comparatively 
large currents of the order of magnitude of 
hundreds of amperes at very high voltages, for 
instance of the order of magnitude of tens of 
kilovolts. Moreover, it may then occur that im 
mediately after extinction the Switching member, 
the condenser and the feed apparatus connected 
in parallel therewith have to take up a current 
impulse Which may be a multiple of the extinc 
tion current, for instance 100 times as large. 
This drawback may be avoided in regard to the 
feed apparatus by switching it off temporarily, it 
is true, but this requires an additional manipula 
tion. Furthermore, this entails the drawback 
that the extinguishing condenser is discharged to 
a higher or Smaller degree, its charge being even 
reversed under certain conditions, and is not 
available again in time for a next extinction. 
The latter drawback is particularly objectionable 
if the discharge tube, by virtue of its function 
in a definite circuit arrangement, has to be ig 
nited and extinguished periodically. 
The improvement according to the invention 

O 

5 

2 

2 
consists in connecting in series with the extin 
guishing condenser and the Switching member 
another (auxiliary) condenser, whose capacity in 
proportion to the capacity of the extinguishing 
condenser is so chosen as to take up or absorb 
substantially the voltage applied to the discharge 
tube after extinction. It will be obvious from 
what has been said above that in the present case 
the expression substantially is to be understood 
to mean such a part of the voltage that the 
above-mentioned drawbacks cannot occur. 

If, for instance, the voltage returning to the 
discharge tube upon extinction amounts to sev 
eral kilovolts, which may occur in transmitting 
energy by means of direct current having a high 
voltage, and the voltage available for extinction 
at the extinguishing condenser is of the order of 
magnitude of several hundreds of volts, for in 
stance 500 volts, the voltage applied to the ex 
tinguishing condenser will at the utmost be of 
the same order of magnitude after extinction. As 
a rule it may be said that the ratio between the 
capacities of the extinguishing condenser and the 
auxiliary condenser amounts to 50 or 100, the car 
pacity of the extinguishing condenser being de 
termined, of course, by the quantity of energy 
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required for the extinction. Although the auxil 
iary condenser must be insulated against the high 
voltage this does not constitute a drawback at all 
in view of the low capacity relatively to that of 
the extinguishing condenser. On the contrary, 
this is advantageous in comparison with opera 
tion without such an auxiliary condenser in which 
case the comparatively large extinguishing con 
denser must be insulated against the same high 
voltage, Since in order to obtain the required in 
sulation the volume of the condenser is substan 
tially proportional to the square of the voltage. 

In order to prevent re-ignition of the tube in 
Special cases on account of oscillation phenomena, 
(instability) of the discharge, which occur if, 
after extinction, the voltage returning to the tube 
would remain at the condensers connected in 
parallel therewith, it is advisable that the switch 
ing member should be open circuited, as soon as 
the auxiliary condenser has been charged by the 
reapplied voltage and charging current has sub 
stantially ceased to flow. Although, in principle, 
any suitable SWitch may be used to constitute the 
switching member it is advisable to use a cont 
trollable (auxiliary) discharge tube having a gas 
or vapor-filling, which tube may be blocked by 
means of an auxiliary electrode if required, since 
Oscillations can be prevented at any rate by the 
valve action, 
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In many cases the auxiliary condenser, after 
extinction, Willi require some time to discharge 
to Such a degree that the main tube, after re 
ignition, can be extinguished again by causing the 
recharged extinguishing condenser to discharge 
again through the tube by neans of the Switch 
ing member through the intermediary of the 
auxilially condenser, if the moments of extinc 
tion are sufficiently spaced apart, no difficulties 
Will be experienced in regard to the extinction. 
However, it often occurs that the tube must be 
rapidly ignited and extinguished Successively at 
such a rate that the discharge of the auxiliary 
condense takes place too slowly. In Such CaSeS 
the condenser in the device according to the in 
vention is shunted by a variable resistance, 
which may or may not be disconnected by Switch 
ing means and has Such a value as to permit the 
discharge to take place within an adjustable 
time. This is of importance more particularly if 
the maia tube must be periodically ignited and 
extinguished automatically, for instance 50 times 
per Sec. In this case the desired effect can be 
secured by connecting in parallel with the aux 
iliary condenser a resistance having Such a value 
that the discharge of the condensei' has suffi 
ciently proceeded within the tine of the p3riod. 
To this end the time coistant, RC must be of 
the same order of imagnitude as the duration be 
tween two succeeding extinctions. 

It is to be renaked that owing to the presence 
of the resistance, after extinction of the main 
tube, a high voltage will be set up also at the 
auxiliary tube, which might unexpectedly pro 
duce again an arc discharge in the auxiliary 
tube. However, when making uSe of an auxiliary 
tube having a mercury cathode this drawback is 
avoided with certainty by such a choice of the 
resistance value that the current if any, Would 
lie far below the minimum current of a mercury 
cathode. Owing to this, disturbances in the ex 
tinguishing process due to a breakdown of the 
auxiliary discharge tube, cannot occur. When 
using other switching members, for instance an 
auxiliary tube having an incandescent Cathode, 
the Shunt-resistanco should not be Switched on 
before termination of the extinguishing proceSS 
and interruption of the parallel branch. In this 
case the voltage set up at the tube through the 
resistance does not appear before the paSSage 
of current through the tube has been interrupted. 
This step is necessary in conjunction with the 
Well known fact that i?or a gas-discharge tube 
having an incandescent cathode there is no 
minimum current strength at which the dis 
charge is interrupted. The step is also advisable 
with a tube having a nercury cathode if, under 
the action of gas pressure and voltage there would 
not occur an arc discharge but a glow discharge 
under certain conditions. 
The principies of the invention are applicable 

to circuits for both alternating voltage and direct 
voltage. 
The circuit, according to the invention has 

proved to be particularly effective in switching 
off large powers at a high direct voltage of Some 
tens of kilovolts. 

In Switching off these large direct current 
powers the best form of construction of the device 
according to the invention cornprises an auxil 
iary tube having a mercury cathode, since re 
ignition of the tube after extinction of the main 
tube can be avoided with certainty owing to the 
extremely short time of iC-9 sec. in which the 
cathode spot disappears, even if the auxiliary 
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4. 
condenser is perinanently shunted by the resis 
tance. Consequently, oscillation phenomena in 
the rnain tube due to capacity in parallel with 
the tube can be avoided automatically even at 
the highest voltages. 
In order that the importance of the invention 

for switching off direct current having high volt 
ages by means of an extinction impulse from a 
Condenser on a discharge tube connected in pai'al 
lel with the Switch inay be made better under 
stood, it is remarked in this respect that one of 
the causes of the fact that in the strong current 
technique currents having Such voltages could 
snot be switched off up till now, so that corre 

not sold in 
commerce, resides in the oscillation problem 
‘which could not be avoided hitherto. ihe use of 
an auxiliary condenser according to the inven 
tion yields a solution which, in the combination 
With a mercury cathode auxiliary tube as a 
switching member in the manner described, 
yields a substantially perfect solution to the 
problenn. When using a resistance having a 
suitable value in parallel with the auxiliary icon 
denser it is also possible, in principle and also 
for the first time to Switch off direct cul'rents of 
hundreds of amperes having a high voltage ever 
with a periodicity of 50 times per sec. The latter 
has proved to be of much importance for the 
cascade circuit described in French Pat. Spec. 
847,401 of applicant for converting direct current 
having a high Voltage into alternating current 
having a lower voltage for the transmission of 
energy over a long distance, since in this case 
the periodical extinction of the discharge tubes 
used in COnversion plays an important part. 
The invention Will be more fully explained by 

reference to the accompanying drawing, given 
by Way Of example. 
The reference number designates the rnaiz 

discharge tube which must be extinguished 
periodically, for instance 50 times per sec. and 
may, for instance, be connected to a source of 
direct voltage of some tens of kilovolts through 
the intermediary of a load. The tube, for ex 
ample a so-called "Ignitron,' is periodically ig 
nited in a common manner by applying a Wolt 
age impulse between the mercury scatinode 3 ald 
the ignition electrode 4 which consistS of Semi 
conductive naterial and is plunged into the Said 
mercury Cathode. 
The extinguishing device according to the in 

vention is connected in parallel with the dis 
charge tube, i. e. in series between the cathode 3 
and the anode 5. It comprises the extinguishing 
condenser 6 which is charged with the polarity 
indicated in the drawing, from a direct current 
Supply 7. 

In Series connection with the extinguishing 
condenser are an auxiliary condenser 2 shunted 
by the resistance f3, and an (auxiliary) discharge 
tube 8 having a mercury Cathode 9 and an air 
ode 0 for which a tube of the “Ignitron' type 
having an ignition electrode is chosen in the 
present case. 
sistance 3 may, in principle, be omitted if no 
periodical extinction is required. - 
The operation of the device referred to above 

Without resistance f3 is as follows. If the titbe 8 
is made conductive by means of the ignition 
electrode if thereof and it is assumed that at 
this moment tube f is conductive and the con 
denser 2 uncharged, whilst the extinguishing 
Condenser 6 is charged in the manner referred 
to, the extinguishing condenser will partly dis 

AS has been set out above, the re 
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charge abruptly, the uncharged condenser 12 
being in a position to transmit this impulse to 
the anode of the tube , between whose anode 
and Cathode prevails at this moment the Com 
paratively low operating voltage of Some tens of 
volts. The auxiliary discharge tube 8 conveys 
current only for the extremely Short time re 
quired for charging the condenser 2. After that 
the current is interrupted. - 
The current inpuise thus obtained from the 

main condenser produces a short voltage drop at 
the anode 5 of the tube (sometimes a negative 
voltage), whereby the tube is extinguished. As 
is well known a voltage drop during 109 sec. is 
Sufficient to extinguish the cathode spot of a dis 
charge tube having a mercury cathode. 
As this moment a voltage is reapplied between 

cathode and anode of tube which may attain, 
Say, SOne tens of kilovolts. The ratio between 
the capacities of the condensers 6, 2 is so chosen 
that this voltage exists mainly across the con 
deriser 2. . . . . . . . . . . . . . . . . . 

in the case referred to without resistance 3 a. 
next extinction after re-ignition of the tube by 
means of the ignition electrode 4 cannot take 
place before the condenser 2 has been discharged 
in SOne Way. Without resistance i3 this is rather 
impractical if the extinction has to take place 
periodically, for instance. 50 times per sec. The 
Value of the resistance. 3 is now so chosen that 
the product RC is of the order of magnitude of 
the duration of one period or smaller, and con 
Sequently the discharge of the condenser 2, 
after an extinction, will have proceeded to a suf 
ficient degree before the next extinction to per 
Init a recurrence thereof. 
Owing to the presence of the resistance 3 a. 

high voltage is applied to the tube 8 after extinc 
tion it is true, but on the other hand the Value 
Of the resistance is chosen. Such that, if the tube 8 
should become conductive again, the current 
through the tube 8 would remain far below the 
minimum current of the mercury cathode so that 
disturbances due to an arc discharge in the tube 8 
cannot occur. 
After extinction of the tube the extinguishing 

Condenser 6 has meanwhile been charged again 
from the supply 7 to the full voltage and after 
re-ignition of the tube a next extinction can 
take place periodically by igniting the tube 
periodically. 

If the tube 8 is replaced by another switching 
member, for instance a Spark gap, the operation 
referred to is fundamentally the same. When 
using a spark gap the voltage of the condenser 6 
must generally be higher to take into account the 
breakdown voltage of a Spark gap, or means, for 
instance an inductance coil, must be available for 
bringing about the breakdown of the Spark gap. 
Use may also be made of other Switching elements 
capable of being switched on and off periodically 
at the required speed; however, a discharge tube 
having a mercury cathode is to be preferred also 

... on account of its well-nigh inertia-free opera 
tion. As such any type of discharge tubes having 
a mercury cathode may be used. It is advisable 
to use tubes having a capacitative ignition elec 
trode, since the ignition energy required therefor 
is very low with respect to the energy required 
for other discharge tubes. Such a tube may also 
be used as a main discharge tube. 
In Switching off direct current of 6 amp./20 

kilovolts by means of the circuit represented in 
the drawing the capacity of the condenser 12 
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amounted to about 0.1 to 0.05 microfarad and 
that of the main condenser to several micro 
farads, the value of the resistance f3 being of the 
order of magnitude of 50,000 to 100,000 ohms. 
The Voltage set up at the condenser 6 amounted 
to about 600 volts. 
What I claim is: 
1. A circuit arrangement for extinguishing a 

mercury vapor discharge tube including a mer 
cury cathode electrode and an anode electrode, 
comprising a series circuit connected in parallel 
with the said tube and between said cathode and 
said anode and including an auxiliary condenser 
element, a switching element and an extinguish 
ing condenser element, and means to apply to 
said extinguishing condenser element an extin 
guishing potential for said discharge tube, said 
auxiliary and extinguishing condenser elements 
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having capacity values in a ratio at Which Wolt 
age impulses applied to the said Series circuit are 
substantially absorbed by said au3iliary Con 
denser element. 

2. A circuit arrangement for extinguishing a 
mercury vapor discharge tube including a mer 
cury cathode electrode and air anode electrode, 
comprising a series circuit connected in parallel 
With the said tube and between said cathode and 
said anode and including a parallel connected 
auxiliary condenser element and resistance ele 
ment, an extinguishing condenser element, and 
a switching element, and means to apply to said 
extinguishing condenser element an extinguishing 
potential for said discharge tube, said auxiliary 
and extinguishing condenser elementS having ca 
pacity values in a ratio at which voltage in 
pulses applied to the said series circuit are sub 
stantially absorbed by said auxiliary condenser 
element. 

3. A circuit arrangement for recurrently ex 
tinguishing in a predetermined period of time a 
mercury vapor discharge tube having a mercury 
cathode electrode and an anode electrode, Con 
prising a series circuit connected in parallel with 
the said tube and between said Cathode and 
said anode and including a parallel connected 
auxiliary condenser element and a resistance ele 
ment, an extinguishing condenser element and 
a switching element, and means to apply to said 
extinguishing condenser element an extinguish 
ing potential for said discharge tube, said auxil 
iary and extinguishing condenser elements hav 
ing capacity values in a ratio at Which Voltage 
impulses applied to the Said series circuit are 
substantially absorbed by Said auxiliary Con 
denser element, said parallel connected auxiliary 
condenser element and resistance element have 
ing a time constant less than about Said pre 
determined period of time. 

4. A circuit arrangement for recurrently ex 
tinguishing in a predetermined period of time a 
mercury vapor discharge tube including a mer 
cury cathode electrode and an anode electrode, 
comprising a series circuit connected in parallel 
with the said tube and between said Cathode and 
said anode and including a parallel connected 
auxiliary condenser element and resistance ele 
ment, an extinguishing condenser element and 
a switching element having a threshold value of 
current passage therethrough below which con 
duction through said Switching element is Sub 
stantially zero, and means to apply an extin 
guishing potential for said discharge tube to 
said extinguishing condenser element, said auxil 
iary and extinguishing condenser elements have 
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ing capacity values in a ratio at which voltage 
impulses applied to the said series circuit are 
substantially absorbed by said auxiliary coil 
denser element, said parallel connected auxiliary 
condenser element and resistance element hav 
ing a time constant less than about said predeter 
mined period of time, said resistance eleinent 
having a resistance value at which the steady 
state current through said switching element is 
maintained below said threshold value. 

5. A circuit arrangement for extinguishing a 
mercury vapor discharge tube including a mer 
cury cathode electrode and an anode electrode, 
comprising a series circuit connected parallel 
with the said tube and between said Cathode 
and said anode and including an auxiliary con 
denser element, an extinguishing conderaser ele 
ment and a second gaseous discharge tube hav 
ing a control electrode, and means to apply to 
said extinguishing condenser element an ex 
tinguishing potential for said first nanned dis 
charge tube, said auxiliary and extinguishing 
condenser elements having capacity Values in a 
ratio at which voltage impulses applied to the 
said series circuit are substantially absorbed by 
said auxiliary condenser element. 

6. A circuit arrangement for extinguishing a 
mercury vapor discharge tube including a mer 
cury cathode electrode and an anode electrode, 
comprising a series circuit connected parallel 
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with said tube and between said cathode and said 
anode and including a parallel connected auxil 
iary condenser element and resistance element, 
an extinguishing condenser element and a sec 
ond gaseous discharge tube having a minimum 
current carrying capacity, and means to apply to 
said extinguishing condenser element an extin 
guishing potential for said first named discharge 
tube, said auxiliary and extinguishing condenser 
elements having capacity values in a ratio at 
which voltage impulses applied to the said Series 
circuit are substantially absorbed by said auxil 
iary condenser element, said resistance element 
having a resistance value at which the steady 
state current through said second discharge tube 
is maintained at a value less than the minimum 
current carrying capacity thereof. 
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