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Our invention relates to positive column dis 
charge devices and particularly to devices of this 
character Which are adapted to be used as lamps 
on low voltage circuits, 
One object of our invention is the provision of 

a positive column discharge device having in 
proved means by which the operation of the lamp 
is started. Another object of our invention is the 
provision of a device of this character which shall 
exhibit good regulation. A further object is the 
provision of an improved unitary lamp structure 
the light from which combines the spectrum of a 
positive column discharge and that of an in 
candescent solid. 
When a low voltage, for example a voltage of 

110 or 220 Volts, is applied between an anode and 
an electron emitting cathode arranged in a col 
lumnar tube containing a vapor, such as sodium or 
inercury, or a gas, such as argon, neon, helium, 
kryptoga, or Xenon, which when subjected to a 
discharge becomes luminous, a discharge takes 
place only when the anode is in close proximity 
to the cathode; that is, when the distance is equal 
to only a few diameters of the tube. In order to 
cause starting of a longer tube various starting 
3 neans have been era ployed in the past. Such as 
the use of a high frequency coil near the tube or 
the application of a high voltage kick. 

f7e have found that if a discharge is produced 
Within the tube between the cathode and an anode 
in One portion of the tube, a discharge may be 
started to another anode arranged at a greater 
distance from the cathode than the first anode. 
We have found that the distance at which such 
a discinarge to the Second anode can be started 
depends upon the current in the first discharge 
and the potential difference between the second 
anode and the Space at the end of the first or 
primary discharge. Our experience indicates that 
there are two processes which contribute to the 
starting of a discharge in such a tube at a dis 
tance from a discharge already operating; first, 
a diffusion of electrons, positive ions, excited 
atoms or radiaticn from the discharge to the re 
gion of the Second anode; Second, an ionization by 
collision phenomenon by which the electron con 
centration adjacent to the second anode is in 
creased to a point where the discharge becomes 
an arc. We have found that by arranging One Or 
more auxiliary anodes in the tube at proper dis 
tances between the cathode and the imain anode 
a discharge may be started along the tube by go 
ing successively from one anode to the next at a 

If the anodes are placed at 
proper distances, such a discharge may be started 
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by using Small auxiliary currents of the Order of 1 
to 10 milliamperes. In the case of a tube con 
taining an inert gas such as has been mentioned 
above Which has a negative Wolt-ampere charac 
teristic, it is necesary to increase the auxiliary 60 
currents as the discharge progresses along the 
tube in order to maintain as high a voltage as 
possible between the discharge and the next 
anode. If mercury is used in the tube, the Spac 
ing of the auxiliary anodes may be greater as a 85 
result of the greater increase by ionization by col 
lison in mercury. 
In the above we assumed that an initial dis 

charge had been started between the cathode and 
an intermediate or auxiliary anode. In order that 70 
there shall be such an initial discharge it is im 
portant that this auxiliary anode shall be so . 
placed with reference to the cathode that a dis 
charge will take place therebetween when the 
Operating voltage is applied. The Small discharge 75 
Current although only a few milliamperes in value 
plays a very important part in the subsequent 
starting of the tube. We have found that the 
resonance radiation from this discharge in trav 
eling along the tube from the discharge is instrui- 80 
mental in the formation of metastable atoms of 
the gas employed. Such metastable atoms possess 
a high potential energy which makes them capa 
ble of producing a secondary electron emission 
from any material which has a work function less 86 
than the energy of the metastable gas atom. With 
which it collides. As a result of this electron emis 
Sion by metastable atons, the tube space beyond 
the discharge is rendered more conducting and a 
discharge takes place at the lower voltages. We 90 
have found for example that it required 410 volts 
to initiate a discharge between two cold electrodes 
Separated by about 1 mm. and placed 25 cm. from 
the cathode chamber when no discharge was pass 
ing from the cathode. When a discharge of 100 95 
m.a. passed between the cathode and an auxiliary 
anode near the cathode, a voltage of only 18 
volts was required to start a discharge between 
the two cold electrodes although there was no elec 
trical connection between the cathode discharge 
and the electrodes. Thus the radiation from the 
discharge was instrumental in reducing the start 
ing voltage. This has also been verified by means 
of a shutter employed to Shut off the radiation. 
Our present invention based upon the above 

will be better understood from the following de 
scription taken in connection with the accom 
panying drawings, and its Scope will be pointed 
out in the appended claims. 

Referring to the drawing, Fig. 1 shows a posi- 10 
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2 
tive column discharge device constituting one em 
bodiment of our invention; Fig. 2 illustrates a 
modified form; Fig. 3 shows modification of the 
form shown in Fig. 1 having a cathode at each 
end adapting the device for full wave a... c. opera 
tion; Fig. 4 is a modified form of the device shown 
in Fig. 1 having the resistances of the auxiliary 
anodes arranged within the gas-filled envelope 
and adapted to become incandescent; and Figs. 5, 
6 and 7 illustrate further modified forms. 
In Fig. 1 we have shown a positive column dis 

charge device having the elongated envelope 1, 
preferably tubular in form, and constructed of 
light transmitting material Such for example as 
glass or quartz. The tube is filled for some pur 
poses with an inert gas or gases, such as argon, 
ineoin, helium, krypton, or xenon, which gases be 
conne luminous when Subjected to an electric dis 
charge. The pressure of gas or gases in the tube 
may vary from .5 mm. to 10 mm. of mercury; we 
prefer however to use from 1 to 2 mm, of gas. 
For other purposes the tube may be filled with 
mercury vapor but when mercury is used we pre 
fer to add a Small quantity of one of the inert 
gases mentioned above as in these gases the radia 
tion phenomenon is stronger than in mercury 
alone. In such cases the discharge is carried ini 
tially by the admixed gas until the temperature 
and therefore the vapor pressure of the mercury 
is increased to a point where the mercury takes 
Over the discharge. In the case of mercury alone, 
radiation at room temperature is small so that in 
Starting a mercury filled tube by means of aux 
iliary anodes we are dependent upon the diffusion 
of electrons and positive ions from one auxiliary 
anode to the next and upon the formation of new 
ions between those auxiliary anodes due to the 
electric field between them. 

In the upper end of the tube is the main anode 2 
which is supported by the conductor 3 sealed 
into the end of the tube and forming a terminal 
of the device. In the lower end of the tube is 
mounted the cathode 4 which is illustrated as a 
cylinder having supports 5 and 6 which are an 
chored into the tube. Support 6 is of conducting 
material and extends through the tube forming 
another terminal of the device. Cathode 4 pref 
erably is constructed of nickel having a barium 
carbonate coating and having the heating coil 7 
arranged within it, one end of the heating coil 
being connected with the cylinder and the other 
being connected with the terminal 8 which con 
nects with the conductor 9 leading to the main 
anode 2. Conductors 6 and 9 are adapted to be 
connected with a suitable source of low voltage 
for the operation of the device. Arranged in the 
tube between the cathode and anode 2 and adja 
cent to the cathode is the starting or auxiliary 
anode 11 which preferably is in the form of a 
ring whose Support 2 is. Sealed in the end of the 
tube and is connected with the conductor 9 by 
means of the resistance 13. Arranged at inter 
vals between the auxiliary anode 11 and the main 
anode 2 are other auxiliary anodes 14, 15, 16, 17 
and 18 shown as flat plates supported by conduc 
tors 19 sealed into the wall of the tube and con 
nected respectively with the conductor 9 by re 
sistances 20, 21, 22, 23 and 24. Inserted in series 
with the conductor 9 leading to the main anode 
is the ballast resistance 25, which resistance may, 

* for example, have a value of 20 ohms while re 
sistances 13, 20, 21, 22, 23, 24 may have values re 
spectively of 10,000; 5,000; 2,000; 1,000; 500 and 
100 ohms. 

By connecting the several auxiliary anodes 
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with the conductor 9 through separate or in 
dividual resistances the current passing to one 
anode does not cause a voltage drop to the anode 
next beyond, hence each auxiliary anode starts 
with the maximum voltage available, namely, 
the line voltage. For example, with an applied 
D. C. line voltage of 110, the first auxiliary anode 
11 will Start and draw a current of about 7 
milliamperes through resistance 13, of say 10,000 
Ohms, leaving the voltage on the second aux 
iliary anode 14 unchanged and equal to 110. 
At this voltage the discharge easily extends to 
anode 14 drawing a current of about 15 mil 
liamperes through resistance 20 having a value 
Of Say 5000 ohms. Auxiliary anode 15 next in 
Order still has substantially 110 volts applied 
to it, ignoring the small voltage drop in the 
ballast resistance 25, with which it will in turn 
take up the discharge and so on until the dis 
charge has finally reached the main anode at 
the end of the tube. The resistances are not 
Critical as only a lower limit for the current 
to the auxiliary anodes is of importance. Under 
certain conditions the hôt cathode and first aux 
iliary anode may if desired be replaced as a unit 
by electrodes both of which are cold and by 
Which a glow discharge is produced. 
As a result of the construction which we have 

Shown and described, better regulation may be 
obtained than with previous devices of this char 
acter. This is particularly true where the re 
sistance connected with the last auxiliary anode 
is low so that even if the line voltage drops to 
a value which is too low to maintain the dis 
charge to the main anode this auxiliary anode 
will 'take over the discharge and the device will 
not stop but will continue to operate although 
not at full intensity. Upon a resumption of full 
line voltage the discharge will return to the 
main anode. 
The modification of our invention illustrated 

by Fig. 2 differs from what is shown in Fig. 1 
in the form of the auxiliary electrodes. By the 
construction disclosed in this figure we reduce 
the number of auxiliary anode terminals and 
the number of resistances connecting the aux 
iliary anodes with the conductor 9; thus several 
auxiliary anodes are arranged in a group con 
nected with the same terminal and with the same 
resistance. In this case auxiliary anodes 27, 28 
and 29 are connected together by the conductor 
30 shown having a glass covering 31 and have 
the common terminal 32 which connects with 
conductor 9 through resistance 33. Auxiliary 
anodes 27, 28 and 29 have progressively increas 
ing areas, anode 28 being shown having sub 
stantially the same diameter as anode 27 but 
having a greater length and anode 29 being 
shown comprising a disc whose area is greater 
than anode 28. The surface of anode 27 is so 
Small that in order to collect the current which 
is limited by resistor 33 there is a positive anode 
drop of the Order of an ionizing potential of 
the gas or vapor at the electrode. This results 
in the potential of anode 28 being approximately 
an ionizing potential above the potenital of the 
discharge in the vicinity of anode 27, which dif 
ference of potential results in the discharge 
starting to anode 28 which, due to its larger 
area, has a lower positive anode drop than anode 
27. This makes the potential of the relatively 
large anode 29 above that of the discharge in 
the neighborhood of anode 28, thus causing the 
discharge to take place to anode 29 for which 
the anode drop is practically. zero. 
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The condition for a positive anode drop is 

that the area of the anode times the random 
electron current density is less than the current 
limited by the resistor 33. Arranged above this 
group of auxiliary anodes we have shown a sec 
Ond similar group 35 which connects with con 
ductor 9 by resistance 36 of materially lower 
value than resistance 33. 
The forms of our invention shown by Figs... 1 

and 2 while particularly adapted for D. C. oper 
ation may if desired be used on an A. C. circuit 
where they will operate as half wave tubes since 
because of their rectifying property they would 
utilize but one half wave. In this connection 
we desire to point out that when tubes such as 
shown in Figs. 1 and 2 are used on an A. C. 
circuit a much greater efficiency may be ob 
tained if the ballast resistance 25 is replaced 
by a small inductance. 
In the form of our invention illustrated by Fig. 

3, we have shown the device adapted for full 
wave A. C. operation. The tube in this modifica 
tion is in effect double ended being provided at 
both ends with a cathode member and heating 
device therefor whereby during one-half cycle 
the cathode member at one end functions as a 
cathode while the cathode member at the op 
posite end functions as an anode and during the 
other half cycle the cathode members function 
in the opposite manner. It is unnecessary to 
provide the tube with a double set of auxiliary 
anodes since it will start on the proper half 
Wave with but a single set as illustrated. The 
first auxiliary anode 11 connects through re 
sistance 13 with conductor 35 to Which also con 
nects by the progressively decreasing resistances 
36, 37 and 38 the other auxiliary anodes 39, 40 
and 41 respectively. In this form of our inven 
tion. We employ the small inductance 42 as ballast 
instead of a resistance as in Fig. 1. 
The modification illustrated by Fig. 4 is similar 

to that shown by Fig. 1 with the exception that 
in this case the ballast resistance and the lin 
iting resistances in circuit with the auxiliary 
anodes are arranged within the tube and are Con 
structed to be rendered incandescent by the cur 
rents which they carry during the normal opera 
tion of the tube. In this modification the main 
ballast resistance is shown at 44 and the limit 
ing resistances for the second, third and fourth 
auxiliary anodes are shown respectively at 45, 
46 and 47. In this form of our invention the re 
sistances and their connections with the Several 
anodes are entirely enclosed in the upper end 
of the tube. Since the resistances operate at in 
candescence it may be found desirable to con 
struct them as filaments of tungsten or other Suit 
able material. If the tube in this form of our 
invention is filled with mercury, a combination of 
mercury and incandescent lighting may be ob 
tained since the luminous mercury vapor together 
with the incandescent resistances would furnish 
a continuous Spectrum. 

In the modification illustrated by Fig. 5 there 
is mounted in the tube 1 a second tube 50 which 
may be of glass and may or may not be evacuated. 
This inner tube 50 supports the several auxiliary 
anodes 51 and also encloses the main ballast re 
sistance or inductance 52 and the several limit 
ing resistances 53 for the auxiliary anodes 51. 
The main anode in this case is shown Supported 
in the upper end of the tube by the disc 54 which, 
for example, may be of mica and is connected 
with the resistance 52 by the conductor 55 extend 
ing through the inner tube 50, this conductor be 

3 
ing insulated, as for example by a glass cov 
ering in the region of the auxiliary electrode 11 
and the cathode. 

Fig. 6 shows a form of our invention wherein 
the conductor 57 leading to the main anode 2 
is carried through the tube and is covered by 
a refractory semiconducting material 58 whose 
thickness decreases uniformly from a point near 
the auxiliary anode 11 to a point near the main 
anode 2. The main ballast resistance 25 is shown 
embedded in the semiconducting material mear 
the upper end of the tube. Below the lower end 
of the semiconducting material 58 the conductor 
57 is insulated, as for example by a glass cover 
ing as in Fig. 5. 

Fig. 7 shows a modification of what is shown 
in Fig. 6 in that the conductor 57 and ballast 
resistance 25 are enclosed in insulating material, 
such for example as glass, with the exception 
that at intervals short sections 60 of high re 
sistance material are attached to the conductor 
and form auxiliary anodes. 

In all of the various modifications by Which we 
have illustrated our invention the voltage at 
which the device is adapted to operate is too low 
to cause a discharge to start from the cathode to 
the main anode without the aid of the auxiliary 
anodes. When the operating voltage is applied 
to the terminals of the device and the cathode is 
raised to the proper temperature an inital dis 
charge takes place between the cathode and the 
first auxiliary anode 11. As a result of this in 
itial discharge for the reasons already pointed 
out above, the discharge immediately extends 
to the next auxiliary anode and from that anode 
to the next throughout the series, finally reach 
ing the main anode. In the case of the modified 
form shown by Fig. 6, the tube may be considered 
as having an infinite number of auxiliary anodes 
beyond the first auxiliary anode ii. After the 
discharge has once reached the main anode little 
or no discharge takes place between the cathode 
and the auxiliary anodes because of the high 
resistance in circuit thereWith. 
We have chosen the particular embodiments 

described above as illustrative of our invention 
and it will be apparent that various other modi 
fications may be made without departing from 
the spirit and scope of our invention which modi 
fications we aim to cover by the appended claim.S. 
What we claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. An electric discharge device comprising an 

elongated envelope containing a gas adapted to 
form a luminous positive column, a cathode, a 
main anode and a plurality of auxiliary electrodes 
mounted therein, said auxiliary electrodes being 
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arranged between and at various distances from 
the cathode and main anode, and a separate re 
sistance directly connecting each auxiliary anode 3: 
with the main anode. 

2. An electric discharge device comprising a 
tubular envelope containing a gas which when 
subjected to a discharge forms a luminous posi 
tive column, a cathode, an anode and a Series of 
auxiliary anodes mounted thereing betWeen the 
cathode and main anode and separate resistances 
connecting the main anode with the auxiliary 
anodes, said resistances progressively decreasing 
in value from the cathode to the main anode. 

3. A positive column discharge device Compris 
ing an enclosing envelope containing neon, a 
thermionic cathode, a main anode and a series of 
auxiliary anodes mounted therein between the 
cathode and main anode, a separate controlling 

14. 

i45 

50 



10 

5 

20 

25 

30 

35 

0. 

45 

SO 

SS 

O 

75 

4. 
resistance connected with each auxiliary anode, 
and a conductor connecting the several resist 
ances vith the main anode. 

4. A low voltage, self-starting positive col 
umn discharge device comprising a tubular en 
velope containing a gas which becomes luminous 
when subjected to an electric discharge, ther 
mionic cathode and main anode members ar 
ranged at opposite ends of the envelope and 
means for causing the starting of the device by 
the low voltage comprising a series of auxiliary 
anodes having individual resistance Connections 
with the main anode. 

5. An electrical discharge device comprising a 
tubular envelope containing a gas which becomes 
luminous when subjected to a discharge, a ther 
mionic cathode and a main anode, a group of 
spaced auxiliary anodes having progressively in 
creasing areas from the cathode toward the main 
anode and a resistance connecting the group. 
with the main anode. 

6. An electric discharge device comprising an 
elongated transparent envelope containing a 
cathode, an anode and a gas which becomes 
luminous when subjected to a discharge there 
between, and a ballast resistance in circuit with 
the anode and arranged Within the envelope and 
constructed to be rendered incandescent by the 
discharge current. 

7. An electric discharge device comprising an 
elongated transparent envelope containing a 
cathode, a main anode and a gas which becomes 
luminous when Subjected to a dischargethere 
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between, an auxiliary anode and a resistance con 
necting it with the main anode, said resistance 
being arranged in the envelope and constructed 
to be rendered incandescent during the opera 
tion of the device. 

8. An electric discharge device comprising an 
elongated envelope containing a gas which be 
comes luminous when subjected to a discharge, 
a cathode in each end of the envelope and a plu 
rality of auxiliary anodes between Said cathodes 
having impedance connections with One of Said 
cathodes. 

9. An electrical discharge device comprising a 
tubular envelope containing a gas which becomes 
luminous when subjected to an electric dis 
charge, anode and cathode members at Opposite 
ends thereof and an auxiliary anode member ex 
tending between the anode and cathode and com 
prising a conductor connected with the anode and 
having thereon a coating of Semiconducting ma 
terial. 

10. An electrical discharge device comprising 
a tubular envelope containing a gas Which be 
cones luminous when Subjected to an electric 
discharge, anode and Cathode members at Oppo 
site ends thereof and an auxiliary anode men 
ber extending between the anode and cathode 
and comprising a Sectionally insulated conductor 
connected with the anode and having between 
adjacent Sections of insulation a coating of Semi 
conducting material. 
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