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. . . tion of Illinois 
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This invention relates to a system and appa ratus for operating gas discharge tubes of the 
hot cathode type, and more particularly to a 
System and apparatus for providing proper values 
of cathode heating and operating current for 
starting and operating one or more gas dis 
charge tubes of the hot cathode type. 
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In some instances, and particularly when the 
gas discharge tube is small, satisfactory regula 
tion of cathode heating current and operating 0 

current is obtained through the use of only a . 
single properly designed choke coil connected in 
series with the tube. However, in other in 
stances, such as when larger tubes are used or 
when a condenser is connected in series with the 
tube, the regulation provided by the usual type 
of choke coil is not as satisfactory as it should be. 

It is an object of this invention to provide a 
System and apparatus for starting and operat 
ing a hot cathode gas discharge tube which 
provides improved regulation of the cathode 
heating current of the tube. Another object of this invention is to provide 
a system and apparatus for starting and oper 
ating one or more hot cathode gas discharge 
tubes which provides a greater range of control 
of the relation of starting and Operating Cur 
rents for the tube or tubes than can be accom 
plished by the use of only a choke coil for effect 
ing the control. Further objects and advantages of the present 
invention will be apparent from the following 
description, reference being had to the accom 
panying drawing wherein a preferred. embodi 
ment of the present invention is clearly shown. 

In the drawing: 
Figure 1 is a schematic circuit diagram dis 

closing a preferred embodiment of the present 
invention which is adapted to the operation of 
a single gas discharge tube; 

Figure 2 is a schematic circuit diagram of a 
similar system adapted to the Operation of a 
plurality of gas discharge tubes; and . Figure 3 is a diagrammatic representation 
utilized in the explanation of circuit operation. 
Having particular ; ; ; erence to Figure 1, a 

transformer to as :: ... re 12 and windings 3 
and 14. The winding 3 is preferably an auto 
transformer winding, although it is understood 
that the primary and secondary portions thereof 
may be separated or segregated. The winding 
4 is an auxiliary secondary winding. The Wind 
ing 3 has a primary portion which is con 
nected to power supply line leads 5 and 6. The 
end or terminal of the winding 3 which is con 
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nected to the power supply line lead f5 is also 
connected to one side of a cathode 8 of a gas 
discharge tube 9 which is preferably of the hot 
cathode type, such as a fluorescent lamp. The 
other end of the winding 3 which is the other 
output terminal thereof is connected through an 
iron core reactor or choke coil 20 to one side of 
another cathode 22 of the gas discharge tube 
9. The other side of the cathode f8 is con 
nected to one end of the auxiliary Secondary 
winding 4. The other side of the cathode 22 is 
connected to a switch 23 and through that switch 
to the other end of the auxiliary secondary wind 
ing 4, when the switch is closed. Referring to Figure 2, reference numerals 
similar to those previously used refer to like 
parts which operate similarly. In this circuit, 
an iron core reactor or choke 25 and a condenser 
26 are connected in series and between one end 
or output terminal of the winding 3 and one 
side of the cathode 22a. A second choke coil or 
iron core reactor 21 is connected between the 
end or terminal of the winding 3 which is con 
nected to the choke coil 25 and one side of a 
cathode 28 of a second gas discharge tube 29. 
One side of another cathode 30 of the gas dis 
charge tube 29 is connected to the power supply 
line lead 5. The other sides of the cathodes 28 
and 30 are connected to a switch 32, so that 
when the switch is closed the cathodes are con 
nected in series. In the operation of the circuit shown in Figure 
1, the switch 23 is closed when the line circuit 
through the leads 5 and 6 is closed for start 
ing the lamp. This completes a series circuit 
through the cathodes for effecting preliminary 
heating thereof. When this series heating cir 
cuit is closed, the potential drop across the re 
actor 20 is almost equal to the applied potentlal 
from the output terminals of the transformer 
winding 3, because the resistance of the 
cathodes is low. The reactance of iron core 
choke coils of the type utilized with gas dis 
charge tubes becomes smaller for higher cur 
rent values. If, due to saturation, the reactance 
of this choke becomes too small during the time 
it is connected in series with the low resistance 
cathodes, the resulting starting current Will be 
too high and will shorten the cathode life. By 
connecting winding 4 into the starting circuit, 
as shown, the total applied voltage is reduced, 
because this winding is connected in Such a Way 
that it opposes or reduces the resultant 
voltage across the choke coil. By proper choice 
of the opposing voltage provided by the auxiliary 
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winding 4, a desired value of starting current is 
obtained. The switch 23 remains closed for 
only a short period, sufficient for the heating of 
the cathodes. When that Switch is opened, me 
chanically, electrically or manually, the auxiliary 
winding 4 is disconnected from the circuit and 
the proper operating potential for effecting ini 
tial discharge is applied across the cathodes. 
After the commencement of the discharge, the 
reactance of the choke coil or reactor 20 assumes 
a value depending upon the current flow there 
through during operation to limit the current 
flow through the gas discharge tube. 

In the control of two fluorescent lamps or gas 
discharge tubes, as indicated in Figure 2, the 
switches 23 and 32 are closed at the time poten 
tial is initially applied by the closing of the cir 
cuit from the power supply line leads 5 and 6. 
As in the circuit shown in Figure 1, this closes 
a series heating circuits through the cathodes of 
the gas discharge tubes 9a and 29. 
The circuit from the output terminals of the 

transformer winding 3 through the choke coil 27 
to the gas discharge tube 29 is similar to the cir 
cuit shown in Figure 1, except that the auxiliary : 
winding has been omitted from the series circuit 
between the tube cathodes. Such omission of the 
auxiliary winding from the cathode circuit can 
be accomplished when the characteristics of the 
choke coil 27 are such as to provide proper re 
actance characteristics, sufficiently to limit the 
heating current through the cathodes. In case, 
however, a choke coil having characteristicS Such 
as those assumed for the choke coil 20 of Figure 
1 are encountered in the choke coil 27, a second 
auxiliary winding may be added to the trans 
former to make the circuit of the gas discharge 
tube 29 the same as the circuit provided in Figure 
1 for the gas discharge tube 9. 
The characteristics and operation of the circuit 

of the gas discharge tube 9 are somewhat differ 
ent than the characteristics and Operation of the 
circuits of the gas discharge tubes 9a, and 29 of 
Figure 2, because of the addition of the condenser 
26 which provides capacitive reactance in the 
circuit of the gas discharge tube 9a to improve 
the power factor of the combination of the cir 
cuits of the two lamps and to dephase the light 
pulses of the two lamps in the circuit. The re 
actance of the condenser 26 remains constant at 
the different current values encountered in the 
operation of the gas discharge tube, and is great 
er than the reactance of the choke coil 25. The 
preponderance of capacitive reactance is prefer 
ably equal to the inductive reactance of the choke it 
coil 27, so as to provide power factor correction 
and maximum dephasing of the light pulses be 
tween the two lamps. The resultant reactance 
in the circuit including the condenser and choke 
coil consists of the capacitive reactance minus 
the inductive reactance. Since the capacitive re 
actance is constant and independent of current 
and the inductive reactance is inversely depend 
ent upon the current, the resultant reactance in 
creases with current. 
Figure 3 is provided to clarify the explanation 

of the reactance values encountered in the 
branch of the circuit including the choke 25 and 
condenser 26. The actual value of the capacitive 
reactance of the condenser 26 is constant for 
either the starting or operating conditions and is 
indicated by the vector 38. During the starting 
or operation of the gas discharge tube, the re 
actance X1 of the choke coil 25 which is repre 
sented by the vector 39, being inductive, coun 
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2,332,455 
teracts a portion of the capacitive reactance of 
the condenser 26. For operation of the lamp, 
the desired reactance Xc-1, which is represented 
by the vector 42 is the differenice between the 
capacitive reactance Xc and the inductive re 
actance X. For the starting condition, however, 
as shown in the diagram, the capacitive reactance 
remains unchanged, whereas the inductive re 
actance reduces somewhat due to an increase in 
current which results in a value of Xc-1 which is 
represented by the vector 43 and is greater than 
the one obtained for the operating condition, rep 
resented by vector 42. Since this resultant re 
actance Xc-1 for heating the cathodes is greater 
than for normal operation of the gas discharge 
tube, it results in a low starting current. A de 
ficiency in cathode heating current is overcome 
by an additive voltage of sufficient magnitude to 
overcome the increased reactance and provide a 
proper value of starting current. This additional 
voltage is provided by the auxiliary winding 4a 
which, in the circuit of Figure 2, is additive with 
respect to the potential of the Winding 3. 
From the foregoing discussion and the diagram 

of Figure 3, it will be understood that even if a. 
choke coil having constant reactance Were used 
in the circuit which includes the condenser, and 
the values of both chokes were such as to provide 
proper operating current, the resultant reactance 
of the condenser circuit would be higher than the 
reactance of the inductive circuit Which de 
creases during the cathode heating. 

It is understood that a transformer having 
high reactance characteristics may be Substituted 
for the transformer and choke coils which have 
been shown, and in the case of Such a Substitu 
tion an auxiliary Winding on the transformer 
would be utilized to accomplish results similar 
to those pointed out with respect to the illustrat 
ed Circuits. 
While the embodiment of the present invention 

as herein disclosed, constitutes a preferred form, 
it is to be understood that other forms might be 
adopted, all coming within the scope of the 
claims which follow. 
What is claimed is: 
1. A System and apparatus for operating gas 

discharge tubes of the hot cathode type com 
prising, in combination, a gas discharge tube hav 
ing therein two filament type cathodes each pro 
vided with a pair of end terminals, a power sup 
ply line, a transformer having an auto trans 
former Winding and an auxiliary Secondary Wind 
ing, Said auto transformer Winding having input 
and output terminals, Said input terminals being 
-Connected to the power Supply line, one of said 
output terminals being connected to One of the 
end terminals of one of the cathodes, a reactor 
connected in Series between the other output ter 
minal and one terminal of the other cathode, 
SWitch means, and Said auxiliary Secondary wind 
ing being connected to the other end terminals of 
each of the Cathodes through said switch means. 

2. A System and apparatus for operating gas 
discharge tubes of the hot cathode type compris 
ing, in combination, a gas discharge tube having 
Cathodes therein which are adapted to be heated 
in Operation, a power supply line, a transformer 
having an auto transformer winding and an aux 
iliary Secondary winding, said auto transformer 
Winding having input and output terminals, a re 
actor, Said input terminals being connected to the 
power Supply line, and Said output terminals be 
ing connected across the cathodes through said 
reactor, Switch means, and said auxiliary wind   
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ing being connected across said cathodes through 
the Switch means so that when the switch means 
is closed, the potential from the auxiliary Sec 
Ondary Winding influences the cathode heating 
current. w 

3. A System and apparatus for operating gas 
discharge tubes of the hot cathode type com 
prising, in combination, a gas discharge tube 
having cathodes therein which are adapted to be 
heated in operation, a power supply line, a trans 
former having an auto transformer winding and 
an auxiliary secondary winding, said auto trans 
former Winding having input and output termi 
nals, a reactor, said input terminals being con 
nected to the power supply line, and said output 
terminals being Connected across the Cathodes 
through said reactor, switch means, and means 
comprising said auxiliary Secondary winding and 
switch means for supplementing the potential 
applied to said Cathodes from the Output termi 
nals during the starting of operation of the illu 
minating devices. 4. A system and apparatus for operating gas 
discharge tubes of the hot cathode type compris 
ing, in combination, a gas discharge tube having 
cathodes therein which are adapted to be heated 
in operation, a power supply line, transformer 
means having a plurality of secondary windings, 
switch means, and a reactor, Said Secondary 
windings, said reactor and said cathodes being 
connected in series with both secondary wind 
ings through the switch means to heat the cath 
odes when the Switch means is closed, and said 
switch means being adapted to break the Series 
circuit between the cathodes and one of the 
secondary windings during operation of the dis 
charge tubes. 5. A system and apparatus for operating gas 
discharge tubes of the hot cathode type compris 
ing, in combination, a gas discharge tube having 
cathodes therein which are adapted to be heated 
in operation, a power supply line, a transformer, 
a reactor, a Switch, said transformer being con 
nected to provide an operating potential across 
said cathodes through said reactor, and means 
connecting said cathodes in Series for preliminary 
heating, the last mentioned means including said 
Switch for breaking the Series connection be 
tween the cathodes, and means which provides 
a supplementary potential to Said cathodes only 
when the switch means is closed. 

6. A system and apparatus for Operating gas 
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3 
discharge tubes of the hot cathode type com 
prising, in combination, a gas discharge tube 
having cathodes therein which are adapted to be 
heated by current flow therethrough prior to the 
commencement of normal operating discharge 
Within the tube, a reactor, power supply means 
connected to the cathodes through the reactor, 
and means for temporarily connecting the cath 
odes in series for heating, the last mentioned 
means including a Switch and an auxiliary source 
of potential providing a potential which is addi 
tive with the potential applied to the cathodes by 
said power supply means. 

7. A System and apparatus for operating gas 
discharge tubes of the hot cathode type compris 
ing, in combination, two gas discharge tubes hav 
ing cathodes therein which are adapted to be 
heated in operation, a power supply line, a trans 
former for applying a proper potential across the 
cathodes of Said discharge tubes from the power 
supply line, reactors having different reactance 
values in Series with the cathodes of the tubes, 
means for temporarily connecting the cathodes 
of each of the tubes in series for heating, the 
last mentioned means for one of the tubes in 
cluding an auxiliary source of potential provid 
ing an alternating current potential geometri 
cally additive with the potential from said trans 
former when the cathodes of the said one of the 
tubes are connected in Series. 

8. A System and apparatus for Operating gas 
discharge tubes of the hot cathode type compris 
ing, in combination, two gas discharge tubes hav 
ing cathodes therein which are adapted to be 
heated in Operation, a power supply line, having 
a primary winding adapted to be connected to 
the power supply line and a plurality of second 
ary windings, choke coils, a condenser, one of 
said secondary Windings being Connected across 
the cathodes of One of the tubes through. One 
of the choke coils and the condenser in series and 
across the cathodes of the other of the tubes 
through the other choke coil, two Switches, the 
cathodes of the tube having the condenser con 
nected thereto being connected in series 
for heating through the other of the sec 
ondary windings and one of the Switch 
es, and the cathodes of the other of said tubes 
being connected in series for heating through 
the other Switch. LEOPOLD MAUERER. 

  


