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The present imwention relates to gaseous elec 
tric discharge devices generally and more par 
ticularly the invention relates to methods and 
means for starting Such devices into operation. 
The starting of gaseous electric discharge de 

Wices is facilitated by mounting an auxiliary, 
starting electrode adjacent a, main discharge sup 
porting electrode which is electron emitting when 
heated and which main electrode is heated di 
rectly by the arc ?urrent and the voltage drop 
thereat during the operation of the device. The 
auxiliary electrode is connected through a re 
Sistance to a main discharge Supporting electrode 

- other than that to which it is adjacent. The 
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auxiliary discharge path between the starting 
electrode and the main electrode together with 
the said resistance is in parallel with the main 
discharge path. During the starting period cur 
rent fdows through the parallel circuit and an 
auxiliary starting discharge takes place between 
the starting electrode and the main electrode 
which heats the latter to an electron emitting, . 
main discharge supporting temperature and, si 
multaneously, the gaseous atmosphere in the 
lamp is ionized by the auxiliary discharge. The 
starting of the main discharge in the lamp is 
thus facilitated and the starting of this discharge 
takes place on a lower voltage than would be 
the case were the starting circuit incorporating 
the auxiliary, starting electrode omitted. 
The starting circuit described above may be 

changed im many details, for example, when the 
gaseous electric discharge device is provided with 
two main electrodes which are electron emitting 
when heated an auxiliary electrode is mounted 
adjacent each of said main electrodes and is con 
nected through a resistance to the main electrode 
other than that to which it is adjacent. Both 
main electrodes are thus heated to an electron 
emitting discharge supporting temperature and 
two starting discharges take place in the lamp 
during the starting period to facilitate the start 
ing of the main discharge between the main dis 
charge Supporting electrode. When desired, the 
tWo auxiliary electrodes are connected together 
electrically through a resistance to form a circuit 
parallel to the main discharge path... When de 
sired, the starting of the main discharge is fa 
cilitated by mounting an electrically conducting 
body inside the lamp container, extending allong 
the main discharge path between the electrodes. 
and terminating adjacent each of said main elec 
trodes. In this case the conductor itself acts as 
a resistance and an auxiliary discharge takes 
place between each main electrode and the end 

(Ci... 16-24) 
of the conducting body adjacent thereto during 
the starting period to facilitate the starting of 
the main discharge in the lamp. 

It will be noted that in all the starting cir 
cuits described above these features are common: 5 
the auxiliary starting circuit is in parallel with 
the main disgcharge path, has an auxiliary dis 
charge path extending to one of said main dis 
charge supporting electrodes and has a resistance 
to limit the flow of current through the starting 10 
circuit. " 
The object of the present invention is to pro 

wide an improved starting circuit of the above 
type for gaseous electric discharge lamp devices 
comprising a main discharge Supporting elec- 15 
trodle which is maintained at an electron emit 
ting, discharge supporting temperature during 
the operation of the device by the arc current, 
and the voltage drop thereat. Still further ob 
jects and advantages attaching to the device and 20 
to its use and operation may be apparent to those 
skilled in the art from the following particular 
deScription. 

In accordance with thesè objects the starting 
circuit of the present invention comprises a re- 25 
sistance having a high positive thermal coeffi 
cient of electrical resistance. We have observed 
that the lower the resistance in the parallel start 
ing circuit, and thus the greater the current flow 
in this circuit, during the starting period the 30 
lower is the starting voltage of the main dis 
charge and the faster the starting of the main 
discharge. However, when a low resistance is . 
used in the starting circuit the main discharge 
in the lamp during the operation thereof iis fire- 35 
quently unstable and the light emitted by the " 
main discharge flickers. Another disadvantage 
in using too low a resistance in the starting cir 
cut is that the large current flow in this circuit 
during the operation of the lamp is wasteful and 40 
lowers the efficiency of the.. lamp device. - The 
starting circuit of the present invention avoids . 
these - latter disadvantages while retaining the 
important advantage of faster starting of the 
main discharge on a lower starting voltage. The 45 
high positive thermal coefficient of electrical re 
sistance of the resisting element used in the 
starting circuit of the present invention permits 
a strong current to flow in the starting circuit 
during the starting of the lamp and, when the 50 
lamp has attained its operating temperature, the 
resistance increases to decrease the current flow 
through said starting circuit. The advantage of 
the starting of the main discharge on a low start 
ing voltage is thus retained and at the same time 65 
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the disadvantages of a loss im efficiency and of 
unstability of the main discharge during the 
Operation of the device are avoided. 
We have discovered that the above advantages 

are secured and the above disadvantages are 
avoided when the resistance in the starting cir 
cuit, during the operation of the lamp device, is 
approximately 1.5 times as ... great as the initial 
resistance in said circuit during the starting pe 
riod. We prefer, however, to make the resistance 
in the starting circuit during the operation of 
the lamp device approximately two, or three times 
that of the initial resistance in Said circuit during 
the starting period. 
When, in accordance with the present inven 

tion, the resistance has a high thermal coefficient 
of electrical resistance “it is frequently desirable 
to heat this element to a higher temperature than 
that to which it is heated by current flow there 
through during the operation of the lamp device. 
In these instances it is advantageous to mount 
the resistance in heat receiving relation to the 
container of the lamp device. In such an ar 
rangement the resistance in the starting cir 
cuit increases rapidly to and is maintained at a 
high value during the operation of the discharge 
lamp so that said main discharge in the lamp is 
stable in operation. The starting circuit of the 

30 
present invention is particularly desirable for 
use in connection with lamp devices which l-oper 
ate at container temperatures of approximately 
200° C. and higher, such as mercury vapor dis 
charge devices operating at pressures closely ap 
proaching 1 atmosphere or higher, or lamp de 
vices in which the gaseous atmosphere comprises 
a vapor of a difficultly vaporizable material, such 
as sodium vapor. Lamp devices of this type usul 
ally comprise a heat conservator, such as an 
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evacuated envelope or vessels in which the lamp 
container is mounted. In devices of this type 
it is advantageous to mount the resistance ele 
ment of the present invention inside of the heat 
conservator and in close proximity to the lamp 
container. 

In the drawing accompanying and forming 
part of this specification an embodiment of the 
invention is shoWn, in Which 

Fig. 1 is a front elevationali, partly sectionali 
view of a gaseous electric discharge lamp unit 
embodying the invention, 

Fig. 2 is a side elevational, partly sectional view 
of the lampi unit shown in Fig. 1, and 

Fig. 3 is a schematic view of the discharge lamp 
of the lamp unit shown in Figs. 1 and 2 and a 
diagram of a starting circuit therefor. 

Like numbers denote like parts in all the fig- , 
BS. 
Referring to the drawing the gaseous electric 

discharge lamp device comprises a U-shaped tul 
bular container I having electrodes 2 and 3 
mounted adjacent the ends thereof and auxiliary, 
starting electrodes A and 5 mounted adjacent 
said main electrodes 2 and 3, respectively. The 
main electrodes 2 and 3 are electron emitting 
when heated and comprise a metall filament, such 

, as a tungsten filament, bent double and wound 
helically and covered with a material having high 
electron emissivity characteristics, such as barri 
um oxide... Each of said electrodes 2 and 3 are 
mounted on two currenti leads Sealed into the 
external pinch G at the ends of the container . 
The two current leads for each of Said electrodes 
2 and 3 are joined together externally to the con 
tainer f and are connected to a single current 

75 lead 6 or T, as shown in Figs. 2 and 3 of the draw 

2,108,047 
ing. The main discharge supporting electrodes 
2 and 3 are maintained at a discharge supporting, 
electron emitting temperature during the opera 
tion of the device by the arc current and the volt 
age drop thereat. The auxiliary electrodes 4 and 
5 consist of hollow, metal cylinders surrounding 
said main electrodes 2 and 3, respectively. The 
lamp container li has a gaseous filling therein 
Comprising a starting gas, such as neon, argon, 
Xenon, or a mixture of such gases, at a pressure 
of approximately 1 to 10 mm. and contains a 
quantity of vaporizable material, such as sodium, 
the vapor of which is light emitting during the 
operation of the device. During starting of the 
lamp device the discharge takes place in the gas 
and the heat emitted by the gas discharge heats 
up the vaporizable material to generate sufficient 
vapor in the lamp so that the light emitted there 
by is rich in rays characteristic of the metall 
vapor. 
The container l is mounted in a sealed envelope 

8 having current leads 6 and 7 Sealed into the 
stem thereof. A cylindrical glass baffle 9 is inter 
posed between the container I and the envelope 
8 and is fused at one end thereof to the said 
envelope 8. The container l is supported in the 
envelope 8 by the currenti leads 6 and 7 as shown 
in Fig. 2 of the drawing and by the helical coiled 
spring l I which is clamped between the legs of 
the U-shaped container l and presses against the 
cylindrical baffle 9. A Small mica plate is inter 
posed between said spring li f and said container 
I. The container l is thus firmly supported in 
said envelope 8 and maintained in spaced relation 
thereto. 
The auxiliary electrode 4 surrounding the main 

electrode 2 is connected through the resistance 
3 to the current lead - of the main electrode 3. 

Similarly the auxiliary fellectrode 5 surrounding 
the main electrode 3 is connected through a re 
sistance 4 to the lead 6 of the main electrode 
2 as shown in Fig. 3 of the drawing. Two aux 
illiary starting circuits connected in parallel with 
the main discharge path betWeen the main elec 
trodes 2 and 3 are thus formed. One auxiliary 
starting circuit comprises the resistance 3 and 
the auxiliary discharge path between the main 
electrode 2 and the auxiliary electrode 4, the 
other starting circuit comprises the resistance 4 
and the auxiliary discharge path between the 
main electrode 3 and the auxiliary electrode 5. 
Each of the resistances 3 and 4 consists of a 
wire having a high positive thermal coefficient 
of electric resistance, such as an iron wire, wound 
around a small plate of mica 5 and 6, respec 
tively. 
The resistances fi 3 andi A4 are.mounted in said 

envelope 8 adjacent the end of the tubular con 
tainer , as shown in Figs. 1 and 2, and, during 
the operation of the device, are heated not only 
by current flowing " therethrough but also by 
the heat developed in and given off by the con 
tainer ... The device is started into operation 
by connecting the current leads 6 and T across 
the terminals of a main alternating current 
Source in Series With an impedance. The resist 
ances 3 and 4 during this period are at a com 
paratively low temperature and offer but little 
resistance to the flow of current therethrough. A 
large current thus flows through the auxiliary 
starting circuit and an intense starting discharge 
takes place between Said auxiliary electrode 4 and 
said main electrode 2 and between auxiliary elec 
trode 5 and the main electrodle 3, respectively. 
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The main electrodes 2 and B are thus rapididy 5 




