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Washington 

Application June 6, 1933, Serial No. 64,550 
3 (Claims. (C. 16-24) 

This invention relates to the art of electrical 
illumination and it has reference in particular to 
gas arc lamps of low voltage, suitable for pur 
poses of general as well as commercial sign and 
display illumination, 

It is recognized that many difficulties and va 
Sious objectionable features experienced in time 
past in the construction of long tubes containing 
stare gases and electrodes for the purpose of ill 
lumination by an arc in said gases, have been 
Overcome, however, all such devices known to the 
Spresent applicant require a supply voltage con 
siderably higher than the normal arc voltage 
after the arc is once established. Many of the 
devices of the prior art employ a high frequency, 
high potential impulse temporarily applied to the 
tube on starting and besides this arc "stimula 
lator" a supply voltage of about twice the normal 
circuit voltage is momentarily applied by the use 
of an auto-transformer containing a magnetic 
shunt. This auto-transformer usually has about 
twice the open circuit voltage which it yields 
after the arc is struck. Through the use of the 
magnetic shunt, this transformer operates at the 
Same time as a reactor with an automatic de 
crease of its terminal voltage to the normal cir 
cuit voltage. Since it is the open circuit voltage 
which must be considered from the standpoint 
of possible danger to life, the transformer must 
therefore be effectively insulated against the 
Open circuit voltage. - 

it has been the principal object of this inven 
tion to provide a gas arc lamp from which all 
high potential starting or operating circuits have 
been eliminated and which has a service circuit 
which at no time requires a potertial Surge above 
the normal operating voltage of the amp. 

More specifically stated, it is the principal ob 
ject of this invention to provide a gas arc iamp 
capable of being kindled and operated or the . 
ordinary domestic one hundred tea or two hun 
dred twenty volt circuit and which at no time or 
in any part either in starting or operating, rises 
above the voltage of the supply circuit. - 
Other objects of the invention reside in the 

Specific use of condensers, at various points in 
the circuit; in the use of a metallic conductor. 
along the arc path as an aid to kindling the arc 
and in the application of and novel use in the 
circuit of a reactor and flament transformer. in the accompanying drawings 

Fig. is a view diagrammatically illustrating a 
gas arc lamp and typical circuit therefor, show-, 
ing all parts of the present invention. 

Fig. 2 is a view, shpwp for the purpose of better 

explanation, diagrammatically illustrating a gas 
arc lamp of the prior art. 

Fig. 3 is a vector diagram illustrating voltage 
relations of the circuit of the lamp . Of Fig. 2. 
3ig. 4 is a view diagrammatically illustrating 

an improvement in the circuit of the prior art 
lamp of Fig. 2. 

Sig. 5 is a graph illustrating performance of 
the lamp of Fig. 4. 

Fig. 6 is a view illustrating in a simple form, 
a lamp embodied by the present invention. 

O 

3rig. 7 is a view illustrating use of condensers . 
in the lamp of Fig. 6 for lowering the kindling 
voltage of the lamp. 
As was set forth in applications previously fled 

by me, under serial No. 580,400, filed December 
11, 1931; No. 596,753 filed on March 4, 1932 and 
No. 603,245 filed on April 5, 1932, an electric arc 
operating in a gaseous medium has negative re 
sistance characteristics, that is, the greater the 
current intensity of the arc, the smaller is the 
voltage required to maintain it between its ter 
minal electrodes. In order to operate Such an 
arc and at the same time to maintain the sta 
bility of the electric circuit of which it is a part, 

5 

20 

25. 
prior art devices have made extensive use of a re 
actor. For purposes of comparison and for bet 
ter explanation, a prior art lamp and its circuit, 
including the reactor, has been herein illustrated 

° in Fig. 2 and the voltage relations of the lamp 
circuit have been shown by the vector diagram of 
Sig. 3, 

in Fig. 2, ... designates a sealed, tubular ves 
sel containing a suitable rare gas, such as neon, 
in which an arc may be established and operated 
between the terminal electrodes 2-2 located 
within opposite ends of the tube and connected, 
respectively, by wires 'a' and "b" with terminals 

80 

5 and 5 of an electric circuit upon which a suit 
able voltage is impressed for operating the lamp. 
This lamp is connected in series with reactor, des 
ignated at 3, interposed in the Wire 'a'. 

It is known that the circuit of the lamp of Fig. 
- 2 will operate satisfactorily if the impressed volt 
age is sufficiently high to kindle the arc and if the 
reactance 3 is of sufficient magnitude. The volt 
age relations of the circuit are shown by the 
vector diagram of Fig. 3 wherein vector 6 rep 
resents the voltage impressed upon the terminals 

40 

65 

8 and S; vector represents the voltage drop 60. 
across the electrodes 2 and 2' of the lamp, and 
vector 8 represents the voltage drop across the 
reactors; the current in the circuit being in : phase with vector . . 
since every practically operating reactor must 6 
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contain some resistance, vector 8 is shown to be 
made up of the two component vectors 9 and 0; 
the former representing the resistance drop of 
the reactor and the latter its pure reactance drop. 

It has been found that for stable operation of 
a circuit Such as shown in Fig. 2, the angle be 
tween vectors 6 and 7 cannot be less than forty 
five degrees, that is, vector 8 is always greater 
than vector 7. Hence, the maximum power factor 
of the circuit is .707. 
The above relations, as well known in the prior 

art, are mentioned here only because the present 
invention has changed them and has established 
a new range over which the operation of an elec 
tric arc is possible. 

In the vector diagram of Fig. 3, which indicates 
voltage relationship in the circuit after the arc 
has been established, the circuit voltage as indi 
cated in magnitude and phase relation by vector 
6 is not sufficiently great to initiate and "kindle' 
the arc. In order to ionize the gas so that an 
arc will form a voltage approximately twice as 
great as that represented by vector 6 is required, 
or a high frequency, high potential impulse must 
be applied to the wall of the lamp. 
In the lamp of the present invention, I utilize 

the reactance 3 in the same manner, as disclosed 
in Fig. 2, with the addition of a condenser con 
nected across the terminals of the reactor. Such 
a condenser is designated at 2 in Fig. 4. 

It has been found that an arc formed in a tube 
filled with a rare gas, or metallic vapor, does not 
grow to its final stable current intensity on a 
fixed electric circuit but that the arc rapidly 
rises to a maximum value as soon as the circuit 
is connected to the energy Supply. After a few 
moments it decreases again to a minimum value 
and then gradually rises to the stable value which 
is somewhat below the initial maximum value. 
Similarly the voltage across the arc is at first 
slightly below the final stable value and as the 
arc current decreases, the voltage across the arc 
rises. After reaching a maximum value it again 
drops rather slowly to its final stable value. This 
performance is shown by Fig. 5 wherein the cur 
rent is shown by the full line and the arc voltage 
by the dotted line. The voltage and current 
variations during the first one or two minutes, 
after the circuit switch is closed, with regard 
to their magnitude, depend a great deal upon the 
nature of the rare gases used in the lamp. For 
neon gas these variations are very slight and the 
arc reaches stability in but a few seconds. How 
ever, in metallic vapor these variations are very 
large and the adjustment to the final stable values 
is a process of several minutes duration. For 
mercury vapor tubes the peak of the voltage 
curve has an ordinate of about one and one-half 
times the final value. 

It is important to note that a fixed electrical 
circuit, arranged to stabilize the arc when finally 
it reaches its permanent current value does not 
always stabilize the arc when it passes through 
its critical minimum current value in the start 
ing cycle. The voltage required by the minimum 
current rises to such a value that, together with 
the reactance drop, it becomes greater than the 
voltage of the main, and as a result, the arc is 
extinguished. It has been found that by con 
necting the condenser 2 across the reactor. 3, 
as shown in Fig. 4, these current and voltage va 
riations are greatly diminished during the start 
ing: period and a much lower circuit voltage can 

s 
be used to carry the arc over its critical period 
in starting. Contrary to what might be expected 
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by an analysis of the vector diagram of Fig. 3, 
this condenser also is highly effective in reducing 
the required circuit potential after the arc has 
passed over the critical starting condition. While 
this is not clearly understood by the applicant, 
many experiments have definitely proven that a 
condenser connected across the stabilizing re 
actor of a rare gas arc lamp greatly reduces the 
required circuit potential and diminishes the high 
and low peaks in the current and voltage respec 
tively while the arc is passing through the start 
ing period. 
One of the principal features of the present 

invention resides in the means for and method 
of kindling the arc in a lamp of this character 
without increasing the circuit voltage above the 
minimum which is required to maintain the arc 
after it is kindled. The various methods are 
based upon the use in the lamp circuit of the 
condenser as above outlined in connection with 
what I have termed a "kindling element'; this 
being in the form of a metallic conductor extend 
ing within the tube, terminating at its opposite 
ends slightly spaced from the terminal electrodes 
of the lamp and along which a current, produced 
by corona discharge from the electrodes, will flow 
to ionize the arc path, thereby to stimulate the 
formation and Striking of the arc. However, this 
element is of such character electrically that no 
part of the arc current will flow in it after the 
arc is established. 
A lamp illustrating the use of this kindling ele 

ment is disclosed in Fig. 6 wherein i designates a 
sealed, transparent, tubular container and 
designates the element in the form of a metalic 
conductor located within and extending the 
length of the tube and attached at its ends to 
metallic supports 8-8 sealed in the tube ends; 
the ends of the conductor if terminating slightly 
spaced from the terminal electrodes of the lamp 
which, in this instance, are shown as being con 
tained within laterally extending portions f2-2' 
of the tube. These electrodes may be of many 
forms but I have herein shown them each as 
comprising an oxide coated flament 3 Sur 
rounded by a cylindrical metal tube 4 spaced 
therefrom. The flaments are to be heated by 
an electrical source, not shown, independent of 
the main circuit of the lamp. Connections from 
the metal shields are brought Out through Suit 
able seals and form the terminals 5-5, and 
opposite ends of the filaments have sealed in con 
nections 6 and 7; the use of these terminals and 
connections later being understood by reference 
to Fig. . 
As was previously stated, the conductor fi must 

be of such character electrically that no part of 
the arc current will flow in it after the arc is 
established. A great many experiments have 
shown that these required characteristics are two 
fold. First, the material of which the conductor 
consists must preferably have a Cathode drop 
higher than the terminal voltage of the lamp, and 
if no such material is available, or if the terminal 
voltage of the lamp is higher than the cathode 
drop of the material, the resistance of the con 
ductor f must be such that the cathode drop and 
reactance drop due to a current flow therein are 
greater than the voltage across the arc electrodes. 
In Figs. 1 and 6 I have shown the conductor in 

the form of a long coil of fine wire, however, it 
may consist of a straight ribbon of nickel or other 
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material as in Fig. 7, of sufficient cathode drop if 
, the terminal voltage of the lamp is kept below 
the critical limit. It has been found that if the 
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lamp voltage is kept below one hundred twenty 
volts effective, a large metallic conductor, such as 
a wire of pure nickel of 0.05 inch diameter may 
be used, but if the lamp is very long, necessitating 

5 the use of two hundred twenty volts or more for 
its operation, the arc current will flow in the wire 
rather than through a path of ionized gas with 
the result of sputtering at the points where the 
wire develops a cathode and through rapid black 

10 ening of the lamp its usefulness is greatly im 
paired. 
While various types of electrodes may be em 

ployed in a lamp embodying the present prin 
ciples, the function of the conductors if will be 

15 the same for all types and that is to carry a, 
corona current and thereby to stimulate ioniza 
tion of the gas all along the arc path when an 
electromotive force is impressed upon the elec 
trodes of the lamp; it being apparent that when 

20 such a force is impressed, a corona current will 
flow between the electrodes and adjacent ends of 
the conductor and a corona discharge will 
emanate from the conductor along its length and 
this will ionize a path through the gas of the tube 

25 as an aid to the striking of the arc. This use of 
the conductor provides, first, for the kindling of 
the arc at a lower voltage, that is, a lower ter 
minal voltage may be used for a given lamp. 
Second, the operating voltage of the lamp may be 

30 lowered because of an increase in the power fac 
tor of the lamp circuit. Many experimental tests 
have proven that, due to the presence of the con 
ductor in the lamp, conditions of the vector 
diagram of Fig. 3 will be changed and vector 8 

35 may be smaller than vector 7, a condition which 
has heretofore, in the prior art, been considered 
inoperative. Y 
A further development of the lamp of Fig. 6 
as been illustrated in Fig. 7 in which I have 

40 disclosed use of condensers for aiding in the 
emission of electrons from the filaments to the 
flament shields, and for enhancing in magni 
tude, he formation of corona along the COIn 
dictor f. . 

45 The lamp of Fig. 7 is constructed like that of 
Fig. 6 except that the terminals f 5-5 of the 
Shields 4- are Connected by wires c and d. 
through a condenser 9 and wires e and f con 
aect one terminal 8 of conductor with a con 

50 nection of the electrode at the opposite end of 
the aip; this connection may, if desired, be 
reversed. With respect to the ends of the tube. 

he reason for this above use of condensers is: 
It has been demonstrated by many experiments 

55 that, if the filament shields of the lamp shown 
are connected through a condenser, a powerful 
emission of electrons from the flaments to the 
shields is stimulated. Likewise, the corona, for 
ration along the conductor will be greatly 

80 enhanced in magnitude and, as a result, the arc 
will kindle at a much lower voltage. 

Similarly, condenser 20 Serves to stimulate 
corona formation along conductor f thus ioniz 
ing the gas along the arc path. In fact, the 

65 stimulation of corona is so powerful that the arc 
kindies at a voltage equal to that which is suff 
cent to stabilize the lamp circuit after the arc is 
established. While the circuit through the con 
denser G9 is not essential in the kindling or oper 

to stion of the arc, it does aid materially in reduc 
3ing the kindling potential for the arc. After the 
are is once formed, the condenser may be dis 
connected, or if the capacity of condenser 20 is 
properly increased, then condenser 9, may be 

75 - Oritted. 

It has been found that a neon lamp of thirty 
mm, diameter glass tubing and arc length of four 
feet with an initial gas pressure of three mm. 
(mercury) will kindle at a voltage of two hundred 
forty with the use of condenser 20 of 0.5 micro- 5 
farad capacity and a condenser 9 of 0.1 micro 
farad capacity. This same tube will kindle with 
condenser 20 alone at 1.0 microfarad capacity. 
This voltage is just sufficient to operate the arc 
at a power factor of a little more than 0.71. The 10 
circuit through the condenser 20 is opened after 
the arc is kindled so as to reduce the danger of 
sputtering of conductor fi and to cut of a slight. 
energy supply which does not produce light. 
In Fig. 1 of the present drawings, I have shown l5 

in detail a lamp and circuit embodying all of the 
novel features of the present invention as here 
inbefore set forth in connection with the descrip 
tions of Figs. 4 to 7, but in this view the reactor, 
together with the filament transformer, is shown 20 
in greater detail. Also in Fig. 1. I have applied 
reference numerals to designate parts correspond 
ing to those bearing the same reference numerals 
in Figs. 1, 2, 4, 6 and 7, and in addition thereto 22 
designates the core of the transformer and re- 25 
actor and 23 designates an air gap provided 
therein to give it the desired performance char 
acteristics, namely, to prevent the saturation of 
the reactor core and to insure direct proportion 
ality between the magnetizing ampere turns and 30 
the resulting flux through the reactor coil. The 
primary winding of the filament transformer is 
designated at 24 and the two secondary wind 
ings, one for each filament 3, are designated at 
25 and 26; the secondary voltage being approxi- 35 
mately four volts. It is to be noted here that this 
is a step down transformer, creating no voltage 
increase above the service current. Condenser 
2, as in Fig. 4, is shown connected across the 
terminals of reactor coil 3. A time delay switch 40 
27 of an automatic character, which might be one 
like that of my co-pending application, Serial No. 
603,246 is interposed in the connection from ter 
minal 8 to the reactor coil 3 and this is operable 
to delay the closing of the main circuit in the 45 
lamp until after the filaments have been brought 
up to sufficient heat. The terminals 6 and 5 of 
the circuit are connected to a standard one hun 
dred ten or two hundred twenty volt circuit 
through a switch 28. 50 
To energize the lamp, the switch 28 is closed, 

and immediately the filaments 3-3 are ener 
gized. After a certain interval of time, during 
which the filaments have become sufficiently 
heated, the time delay switch 27 closes and this 55 
causes full line potential to be impressed upon the 
lamp circuit, 
The current flow through the lamp, with ref 

erence to Fig. 1, would be from terminal 8, 
through switch 27, coil 3, terminal filament 3 60 
at the left hand end of the view, through the 
tube to flament 63 at the right hand end, then 
to terminal 6. w ... " 

When switch 27 closes, the arc kindles at once, 
especially by the operation of condenser 20, the 65 
circuit of which might be disconnected after its 
chief function, namely the kindling of the arc, 
is accomplished. This disconnection could be 
made automatically by leading it through the 
time delay switch 27 supplied with a special sec- 70 
Ondary, delay control. 

3y varying the capacity of condenser 2, the 
distribution of light emissivity of the arc over the 
cycle and also its intensity may be greatly varied. 

Saving thus described my invention, what 75 



4. 
claim as new therein and desire to Secure by Let 
ters Patentis 1. A gas arc lamp Comprising a sealed trans 
parent vessel with terminal electrodes On which 

O 

s 

electrical potential may be impressed from a sup 
ply circuit to maintain an arc therebetween, a 
conductor extended along the arc path and pass 
ing in close proximity to the electrodes and adapt 
ed to carry a corona emitting current produced 
by corona, discharge from the electrodes for ioni 
zation of the arc path incident to energization 
of the electrodes to stimulate the Striking Of the 
arc, a current connection between one end of 
the said conductor and one side of the supply cir 
cuit and a condenser interposed in said current 
connection between the conductor and supply 
circuit. 

2. A gas arc lamp including a Sealed trans 
parent vessel with terminal electrodes, a supply 
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circuit having terminal connections with said 
electrodes for maintaining an arc in the lamp, a 
reactance in One of Said corinections and a Con 
denser connected across the reactance. 

3. A gas arc lamp comprising a sealed, trans 
parent vessel provided with terminal electrodes 
On which electrical potential may be impressed 
to maintain an arc therebetween, a current con 
ductor extending along the arc path and in close 
proximity to the electrodes and having a potential 
gradient higher than the arc gradient along the 
arc path, a metallic shield Surrounding each of 
the electrodes, a conductor connecting the shields 
and including a condenser therein, and a con 
ductor connecting one end of the first mentioned 
current conductor and the supply circuit at the 
Opposite end of the tube and , also including a 
condense therein. 

KURT F. J. KIRSTEN. 
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