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. i1 
This invention relates to a gaseous discharge 

tube having a closed envelope in which electrodes 
‘ “ are provided, which according to the purpose and 
‘the use of the tube, may be arranged as cathode; 
the invention also relates to control circuit ar 
rangements in which such discharge tube is used. 

'It‘is already known to provide in a gaseous dis 
charge tube a controlling electrode between 
cathode and anode, whereby the starting of the 
discharge between cathode and anode is deter 
mined by the value of the potential applied to 
the controlling electrode. ‘It is also already 
known to provide additional grids in the tube, by 
‘which a shifting of the point of starting of the 
ionized discharge is obtained. 

“ It is also known to use in a gaseous discharge 
tube a controlling electrode in order to control 
the lighting (starting) and extinguishing (stop 
ping) of the main discharge directly and to use 
this control also to operate a consuming ap 

‘ paratus connected in series with the discharge 
tube. The disadvantage of these known circuits 
is ‘that a certain quantity of energy is always 
taken from the control circuit, the control elec 
trode being (during the discharge time) in con 
ductive contact with the other electrodes by way 
‘of the ionized gas of the tube. 
The purpose of the invention is to provide 

‘means to control directly the starting and stop 
ping of the main, discharge and to use this con 
trol also to operate a consuming apparatus ‘con 
nected in series with the'discharge ‘tube, with 
outenergy being taken from the control circuit 
‘during ‘the discharge ‘time. 

According to the invention one or more con 
"trol electrodes are mounted outside the envelope 
of the tube, the control electrodes being made in 
'the'form of a metallic layer, band, ring, cover 
or any arbitrary form, each control electrode 
serving as a direct controlling electrode for the 
starting and stopping of the main discharge to 
the anode. 
As the control electrode or control electrodes 

is or are outside the envelope of the tube, con 
l‘ductive contact with the other electrodes through 
the ionized gaseous inner space of the tube is 
avoided and no decrease of energy of the control 
circuit takes place during thedischarge condi 
ltion of the tube. 

#Accor'ding ‘tonne ‘of .thercirouit arrangements 

15 

of the invention, two electrodes, one of which or 
both may serve as cathodes, are mounted at 
equal distance from the anode, and an alternat 
ing potential of sufficient magnitude is applied 
‘between the two ?rst-named electrodes to ‘cause 
a glOW discharge between them. ‘ 

This glow discharge may be considered as a 
:i?ctive ?lament, which causes an emission of elec 
trons. The maximum value of the alternating 
potential and the magnitude of the positive ‘po 
tential applied to the anode, are, when added 
algebraically, not sufficient to initiate an inde 
pendent ‘discharge between the ?ctive ?lament 
and the anode; however, this discharge does take 
place as soon- as a potential is applied to the con 

' trol electrode (or to one of the control elec 
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trodes) of such a value that will su?iciently a'c 
celerate the electrons on their way to the anode 
by the sum of the electrostatic ?elds supporting 
each other. During the decrease of the poten 
tial applied to the control electrode in question, 
the continuation of the discharge is dependent 
upon the momentary values of the potentials of 
“the two cathodes and the anode, and the dis 
charge will be extinguished when the algebraical 
'sum‘of these potentials becomes less than re 
quired for the maintenance of the discharge. ‘ 
Between the D. C. source and the anode, or at 

another point in series with the discharge‘ space 
between anode and cathode, a consuming appar 
atus, e. g. a relay, may be provided which re 
spondsito the changes of the potential applied to 
a control electrode. 
The advantage thereof is that the energy, re 

quired for the operation of the consuming ap 
paratus, is only taken from the sources of po 
tential connected in series to the tube, and no 
energy is taken from the control electrode. 
‘A second circuit according to the invention is 

arranged in such‘ a way that a recti?ed A. C. po 
tential is connected to the anode, and the oath 
ode (or more than one cathode connected in 
parallel) is connected to the negative terminal 
of a D. C. source through a consuming ap 
paratus, which is either shunted or not by ‘a 
capacity, and the sum of this D. C. potential and 
the maximum value of the recti?ed A. C‘. poten 
tial at the anode is less than the potential ‘re 
quired to change the invisible discharge to the 
anode into an independent visual discharge; the 
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starting of the visual discharge is controlled by 
a potential of su?icient value applied to the con 
trol electrode or to one of the control electrodes, 
while the extinguishing of the discharge takes 
place after the decrease of the potential applied 
to the control electrode, as soon as the sum of 
the recti?ed A. C. potential and the D. C. poten 
tial becomes less than that required for main 
taining the discharge. 
Two embodiments of the invention are shown 

in the accompanying drawings. 
Figure 1 shows a circuit arrangement in which 

an A. C. potential is applied between two elec 
trodes within the tube and in this way a ?ctive 
?lament is formed by the glow discharge be 
tween these electrodes. The consuming ap 
paratus to be controlled is connected in the an 
ode circuit of the tube. 
In Figure 2 two electrodes serving as cathodes 

are connected in parallel, and the consuming ap 
paratus to be controlled is connected in the 
cathode circuit of the tube. Curves illustrating 
the operation of the circuit arrangement of Fig 
ure 1 are shown in Figures 3a and 31), while Fig 
ures 4a and 4b are curves which relate to the cir 
cuit arrangement of Figure 2. 
In Figure 1 three electrodes C’, C" and A are 

arranged within an envelope ?lled with gas at 
low pressure. 
An A. C. source is connected to a transformer 

T from which a potential Vl is applied between 
the ends of the secondary winding to the elec 
trodes C’ and C", over which a glow discharge 
is established, bringing about an emission of 
electrons. 
This glow discharge forms a ?ctive ?lament or 
a source of electrons. 

' Practically equidistant from electrodes C’ and 
C” the anode A is arranged, a positive poten 
tial V being applied to the anode from source B. 
The potentials VI and V are connected there 
fore in this circuit arrangement in series with 
electrodes C’ and A of the tube. A load device, 
such as relay R, is also connected in the anode 
circuit. 
In Figure 1 four potentials are of practical 

interest: 
(1) A lighting potential Va, required to cause 

the starting of a glow discharge between the 
electrodes C’ and C”; 

(2) A potential Vb, which is just sui?cient to 
maintain such a glow discharge between the elec 
trodes C’ and C"; 

(3) A lighting potential Vc, required to cause 
the starting of a glow discharge between C’ or 
C" and A; 

(4) A potential Vd, which is just su?icient to 
maintain this last named discharge. 
The values of V and VI are selected such that 

the maximum potential of VI is equal to or larger 
than Va; further than the V+VI max. is lower 
than V0, and V is lower than Vd. 
From the last named condition it follows that 

the ?eld ACC" is of too small value to cause 
the Townsend discharge to change into an inde 
pendent visual discharge; in other words, the 
electrons emitted by the ?ctive ?lament C'C" 
will not be suf?ciently accelerated on their way 
to the anode to energize the anode circuit 
through the main discharge space of the tube. 

Outside the tube a control electrode H is ar 
ranged and may have an arbitrary form, for ex 
ample, it may be formed as a cap, a ring or a 
band. An appropriate form, however, consists 
in a metallized layer on the glass of the tube. 
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4 
Normally such a potential is applied to the 

electrode H that the electro-static ?eld between 
H and C’, C" is opposite to the ?eld C'C"A, 
so that the electrons from the ?ctive ?lament 
encounter still more resistance in order to reach 
the anode. 
The situation is completely changed as soon 

as a‘positive potential is applied to the electrode 
H, as now the two ?elds are supporting each 
other, and therefore the ionization is (at a pre 
determined value of the positive potential of H) 
increased to such an extent that the invisible 
discharge of Townsend changes into a visual dis 
charge, the discharge takes place in the tube and 
a current ?ows through the anode circuit, in 
which the consuming apparatus R is inserted. 
As soon as the potential of H is made negative 
again, the accelerated movement of electrons to 
the anode is decreased and a moment comes at 
which the tube will extinguish, i. e. when the 
potential VI passes the point at which this po 
tential, together with the D. 0. potential V, be 
comes less than the value Vd. The above is illus 
trat‘ed by Figure 3a. 

This ?gure shows that the A. C. potential VI 
superposed on the D. C. potential will, in the 
normal condition of the tube, (that is to say 
when no positive potential is connected to a con 
trol electrode) never reach the value Vc, i. e. the 
potential which in the normal condition of the 
tube causes the main discharge. By connecting 
the control potential to H an ampli?cation of 
the electrostatic ?eld is obtained, which has the 
same effect as if the value Vc were decreased to 
Vcl, as shown in Figure 3b. This discharge is 
established as soon as the potential curve reaches 
the value Vcl, and is extinguished when the po 
tential curve decreases to the value Vd. During 
the following cycle of the A. C. potential, if the 
potential of the controlelectrode H is still pres 
ent, the discharge takes place again as described 
above. The discharge is de?nitely extinguished 
when, after decrease of the potential of H, the 
decreasing potential curve intersects again the 
line Vd; or when, at a time when the control po 
tential is taken away from H, no discharge takes 
place. Current ?ows in the anode circuit during 
the periods shown by shaded areas of Figure 3b. 
The consuming apparatus R receives recti?ed 

current pulses as long as a potential of su?lcient 
value is present on the control electrode, and the 
consuming apparatus may be supplied with con 
stant current in one of the different known ways 
during the entire duration of connecting the po 
tential to H, for example, by connecting a 
capacity in parallel to R. 
From, the above it appears that control elec 

trode H provides very simple means to control 
the action of the tube so that the consuming ap 
paratus responds in accordance with the polarity 
and value of the potential applied to the control 
electrode. I V 

Figure 2 shows a second embodiment of the 
invention. Here the electrodes C’ and C” are 
connected in parallel, so that there is no question 
any more of a ?ctive ?lament. They are biased 
by source B to a negative potential V with re 
spect to ground G, which potential is lower than 
Vd, i. e.,the potential whichis just suf?cient to 
maintain the discharge between C’, C" and A. 
A pulsating DC. potential V2 originating from 

a recti?ed A. C. potential is applied to the an 
ode. As shown in Figure 2, the recti?ed po 
tential is supplied by a recti?er consisting of a 
transformer Tathe primary of which is con 
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hected to a suitable source of alternating cur 
rent. The mid-point of the secondary is ground 
‘ed, and the ‘ends of the secondary winding are 
connected through recti?er elements Ru and Rb 
to one terminal of a load resistance Re, the other 
terminal of this resistance being connected to 
the grounded mid-point connection. The anode 
A is connected to the common connection be 
tween recti?er elements Ra and Rb and resist 
ance Re. The arrangement produces full-wave 
recti?cation, and the recti?ed potential V2 de 
veloped ‘across resistance Re is applied to the 
anode A. 

This recti?ed potential is selected in such a 
way that V+V2 max. is lower than the lighting 
potential Vc for a discharge between 0'0" and 
A and the sum is greater than Vd. 

If a negative potential is applied to the control 
electrode H, then 'an insufficient number of elec~ 
trons are freed to convert the Townsend dis 
charge into an independent ionized discharge. 

If, however, a positive potential of sumcient 
magnitude is connected to the control electrode, 
then the independent discharge will take place, 
since both ?elds aid each other in giving suf? 
cient acceleration to the electrons. 
The discharge extinguishes as soon as the po 

tential of the recti?ed ‘alternating current, to 
gether with the direct current V, becomes smaller 
than the value Vd. 
The above is illustrated in Figures 4a and 412. 

Figure 40. represents the condition when no posi 
tive potential is present on H. The recti?ed A. C. 
potential V2 is superposed on the D. C. potential 
V in the main discharge space, but the maximal 
sum of the values of these potentials does not 
normally reach the starting potential V0. The 
connecting of a positive potential of su?icient 
value to H has the same result as if the value Vc 
were reduced to Vcl, as shown in Figure 4b. 
The discharge now takes place at the moment 
the potential curve reaches at least the value Vcl 
and continues until, by the decrease of the po 
tential, the line Vd is reached. Then at a fol 
lowing increase of potential, the potential on H 
being still present, the discharge takes place again 
as described above. The discharge is de?nitely 
extinguished when, after the decrease of the po 
tential of H, the potential curve reaches the line 
Vd; when the recti?ed A. C. potential V2 de 
creases, or when the potential is removed from 
H, no discharge occurs. Recti?ed current pulses 
pass through the main discharge space of the tube 
and through the consuming apparatus R, which 
is now connected in series between the electrodes 
C’, C‘” and the negative terminal of the direct 
current source B. 
The condenser 0 parallel to the consuming ap 

par'atus '(relay R) serves to smooth the recti?ed 
alternating current flowing through R; more 
over, this condenser promotes the extinguishing 
of the main discharge. 
In order to shorten the periods of no current 

for the consuming apparatus as much as possi 
bio, and also with the aim to make the time dur 
ing which the consuming apparatus responds 
equal, ‘as accurately as possible, to the time dur 
ing which potential is connected to H, it is ad 
visable to select the frequency of the potentials 
VI and V2 as high as possible. This frequency 
is, however, limited to an upper limit by the de 
ionization time of the tube. 
When during the discharge condition the po 

tential decreases to the value Vd, the discharge 
will stop immediately, but the gas in the tube still 
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remains in an ionized condition for a short 
time. 
During this time the potential curve may again 

reach the value Vd, and the discharge condition 
would again occur, even if the potential on H be 
removed. “ 

In order to prevent this, it is necessary to select 
the frequency of VI or V2 such that de-ioniza 
tion can take place between two consecutive dis 
charge periods. 
The time of de-ionization of the tube causes 

a certain delay in the operation of the consum~ 
ing apparatus in response to the potentials ap 
plied to H. 
Instead of connecting a recti?ed A. C‘. poten 

tial to the anode as in Figure 2, an A. C‘. po 
tential may be used if desired. In this case the 
operation will be as shown in Figures 3a and 319. 
Here the relative time available for de-ioniza 
tion is greater than with a recti?ed A. C. poten 
tial, so that the frequency may be increased. 

Instead of only one control electrode H, a 
larger number of control electrodes may be pro 
vided, by which operation with more control po 
tentials is possible. Moreover the shape and ar 
rangement of the control electrodes may differ 

' from each other. 
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It is clear that in the arrangements described, 
operation of the consuming apparatus requires 
energy to be taken only from the potential sources 
V and VI, and no energy is taken from the control 
electrode. 
We claim: 
1. Control apparatus comprising a discharge 

tube containing an anode, a cathode and a third 
electrode, an external control electrode on the 
envelope of the tube, said cathode and said third 
electrode being spaced substantially equal dis 
tances from said anode, and including means for 
applying a direct current potential between said 
anode and said cathode and means for applying 
an alternating potential between said cathode 
and said third electrode to establish an ionized 
discharge between said electrodes, said discharge 
forming an electron emitting ?ctive ?lament, the 
algebraic sum of said alternating potential and 
of the potential applied to said anode being in 
su?icient normally to initiate an independent dis 
charge between said ?ctive ?lament and the 
anode, but being e?ective to establish said inde 
pendent discharge when a positive potential is ap 
plied to said control electrode. 

2. Control apparatus comprising, in combina 
tion, a gaseous discharge tube having a closed 
envelope with an external control electrode and 
containing three spaced electrodes comprising a 
cathode, an anode and a third electrode, said 
cathode and said third electrode being spaced 
substantially equal distances from said anode, a 
source of alternating current potential connected 
between said cathode and said third electrode to 
establish an ionized discharge between said elec 
trodes, said discharge forming an electron emit~ 
ting ?ctive ?lament, a work circuit including a 
source of direct current connected between said 
anode and one of the electrodes of said ?ctive 
?lament, said direct current potential being in 
su?icient normally to establish an independent 
discharge between said ?ctive ?lament and the 
anode, and control means for successively accel 
erating the electrons supplied from said ?ctive 
?lament to said anode to a value su?icient to 
establish an independent discharge between said 
anode and said ?ctive ?lament. 

3. Control apparatus comprising, in combina 
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tion, a gaseous discharge tube having a closed 
envelope containing an anode and two spaced 
cathode electrodes, means for applying an alter 
nating potential between said two cathode elec 
trodes for establishing a glow discharge between 
the cathode electrodes, a control electrode ar 
‘ranged outside of said envelope, a Work circuit 
including a source of direct current potential con 
nected between said anode and said cathode 
electrodes, the algebraic sum of said direct and 
alternating potentials being insufficient normally 
to establish an ionized discharge between said 
anode and cathode electrodes, and a control cir 
cuit for selectively applying a su?icient positive 
potential to said control electrode to establish 
an ionized discharge between said anode and 
cathode electrodes, said work circuit including a 
consuming device. 
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