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To aZZ whom, it may concern: 
Be it known that I. DANIEL MCFARLAN 

Moom, a citizen of the United States, resid- 
ing at East Orange, in the county of Essex, 

6 State of New Jersey, have invented certain 
new and useful Improvements in Gaseous- 
Conduction Lamps, of which the following 
is a specification. 

My invention relates to gaseous conduc- 
$0 tion devices in which more or less rarefied 

vapors or gases contained in a closed vessel 
are rendered luminous by an electric dis- 
charge in the space between electrodes 
mounted in the vessel, and more particularly 

16 to devices of this character to be used as a 
source of light. 

I n  vacuum tube or gaseous conduction de- 
vices of the character to which my invention 
relates $he electric current passing through 

90 the tube does not form an arc, but roduces 
a low discharga I n  a tube, suc as the 

fl 
R 

we -known Geissler tube, containing a gas 
a t  a low pressure, the low discharge pro- 
duced by the passage o f an electric current 

35 through the tube does not extend uniformly 
throughout the tube. Near the cathode is 
a non-luminous re ion known as the first $ dark space or Croo es's space; beyond this' 
is a luminous region known as the negative 

so low, followed by the second dark q p c q  or 
%araday7s space, between which and the 
anode is a luminous region known as the, 
positive glow. 

I n  the gaseous conduction lamps hereto- 
86 fore known the negative glow forms a neg- 

ligible part of the light giving column and 
the positive glow is the sdurcs of light. 
I n  most of these gaseous conduction lanlps 
a difference of potential of several thousand 

40 volts must be maintained between the elee- 
trodes of the tube in order to obtnin sufficient 
light to be useful and in all of them a po- 
tential of that orher of magnitude is neces- 
sary to start the discharge. Even when the 

4s drop of potential at tbe cathode is reduced 
by using alkali metals, mch as sodium or 
potassium, for the cathode, the tube will not 
start until B potential of the order of thou- 
sands of volts is applied to it, although it 

so will run a t  a potential somewhat lower than 
the starting potential after it is once starced. 
Electrodes of the alkdi met& are objec- 
tionable because such met& b m e  ejtller 
plastic or molten when tho.tubo is :n opera- 

46 tion and consequently very special construc- 

tions are necessary to maintain tho crthode 
in lace or else the tube must be constructect 1 an handled as though it had liquid elec- 
trodes. The customary mcf11c.d o i  develop. 
ing the high otential for starting is to 60 
provide some Eind of an ,amdiary drriec 
such as an interrupter, n transformer, or 
some similar inductive device which will, 
at  least momentarily, impress upon the tube 
a potential high enough to start it. The 6s 
starting devices increase the cost and add 
complications to the lamp. 

The principal object of my invention is 
to provide a gaseous conduction lamp which 
has stationary electrodes, preferably of solid 70 
metal, and which will start and operate when 
connected directly to a low otential light- 
ing circuit such as a 110 vo f' t or a 220 volt 
circuit, without the interposition or use of 
any auxiliary means for raising the poten- 75 
tial above that of the line. Another object 
is to provide a gaseous conduction. lamp 
which is of substantially the same dimen- 
sions and as rugged as an incandescent 
lamp and which, when connected directly 80 
to either an alternating or direct lighting 
circuit of the usual potential, will light up 
at the potential of the circuit, so that f t  
may be ut directly in the lamp sockets in 
place o? the ordinary incandescent lamps 85 
with no change in the wiring and will oc- 
cupy about the same space as the ordinary 
incandescent lamp does. A further object 
is to improve gaseous conduction lamps in 
general as more fully pointed out herein- 90 
after. 

To these ends I construct a gaseous con- 
duction lamp with a rare gas of high con- 
ductivity, such as neon, and properly related 
electrodes, the pressure of the gas and the 05 
spacing of the electrodes being such that 
substantially the only luminous dischar 

Y P in the lamp is the ne tive glow and t e 
first dark space near t e cathode is ne li- 

ibly small. The spacing of the electro d es, 100 EY which I mean potentials of 300 volts or 
less, is so chosen that a low potential will 
start and maintain the discharge, so that 
when the lamp is ut in a socket connectad 
to an ordinary lig \ ting circuit of a ten- 106 
tial of 220 volts, for example, it imme 8" lately 
lights u like an ordinary incandescent 
lamp. $he elimination of interrupters, spe- 
cial inductive circuits and the high poten- 
tials hmtofore necessary is of great import- 110 



:mce and advantage. My invention also that the luminous discharge which occurs 
comprises the various novel features and de- Prom the electrodes is for all practical par- 
tails of' construction which are more fu!ly poses the negative glow only, the positive 
hereinafter described and pointed out wlbh column being either entirely or substantially 

6 particularity in the appended claims. absent, but nevertheless the pressure is high 70 
My invention will best be understood. in enouah to make the first dark space, or 

connection with the accompanying ?raw- ~ r o o ~ e s ~ e  space, next to the caihcdc so small 
ings in which merely for purposes of 11111s- as to be inconseq~icntial. The absolute prcs- 
tration I have shown some of the various sum necessary to obtain the desired result 

l o  forms in which my invention. may be em- depends upon the composition and purity 75 
bodied and in which Figure 1 1s a side view of the gas and upon the character and spac- 
and Fig. 2 is a cross-section of same on line ing of the electrodes. When the proper 
2-2 of one form of lamp'; Fig. 3 1s a side pressure is attained and the lamp IS con- 
view of a lamp having filamentary elec- nected to a suitable source of dircct cur- 

15 trodes, and Fig. 4 is a cross-sfction of same rent, the glow discharge appears as a bright so 
on line 4-4; Fig. 5 is a side vlew of another corona about the negative electrode, but 
Perm of lamp and Fig. 6 is a cross-section of practically no luminosity is observed in the 
sanle on line 6-6. Fig. '7 is a side view of irn~neclinte vicinity of the positive electrode. 
another form of lamp having the electrodes I n  some cases, where the atrriosphcre con- 

20 in the form of disks. tains deletsrjous gases or the electrodes con- 85 
The particular form of gaseous conduc- tain impurities, a dark deposit may grad- 

tion lamp shown in Fig. 1 comprises a sealed ually appear on the arms 8. To gnarcl 
bulb 1 of substantially the size com- against short circulting due to tl-s presence 

~nonly used for the larger sizes of incandes- of this dark deposit I may place within the 
25 cent lnlnps and provided with a standard base 2 of tlle lamp a small resistance 9 90 

base 2 so the lamp can be put in an ordi- preferably of several hundred a h s  and con- 
nary ~ncandcscent. lamp socket. The bulb nected in series with the lamp. 
1 is preferably cylindrical but can be made When a lamp constructed in accordance 
in other forms if desired. A number of with my invention is connected directly 

80 electrodes, such as 3, 4, 5 and 6, made of to a circuit of low potential, such as the p20 95 
some suitable metal such as aluniinum, are volt circuits commonly used for lighting, 
mounted in the bulb about a common center. the lamp will light u instantly without the E The electrodes may be connected so that application of s hig or potential and will 
the alternate electrodes are of opposite PO-" continue to give light without any attention 

$6 larity, 3 and-5, for example, being connected or adjustments of any kind. The internal 100 
to one tenn~nal, and 4 and 6 to the other, structure is practically as simple and as 
or 3 and 4 may be connected to be at the rugged as that of an incandescent lamp, and 
same polarity and 5 and 6 to be a t  the oppo- since no starting device or high potential 
site polarity. of any kind is required, the lamp can be 

lo I prefer to make the electrodes long and inserted in any ordinary lamp socket in 105 
narrow ahd to mount them side by side in place of the ordinary incandescent Inmnp. 
such a relation to one another that the dis- As a concrete example of a lamp cmbody- 
tance from the edge of one electrode to ing my invention and suitable for use on 
the adjacent is very considerably less than circuits of 220 ~o l t s ,  I have obtained good 

!6 the length of the electrodes. A desirable results and comparatively long life with 110 
form of support for holding the electrodes a !amp constructed as in Fig. 1, the bulb 1 
stationary in proper relation is that illus- h m g  about three inches in diameter and 
trated in Figs. I and 2 in which a glass seven inches long, the electrodes of alumi- 
hub 7 rigidly secured to the bulb a t  one end num and about 3 of an inch wide, 4 of an 

10 is provided with radial arms 8 on which inch thick, and 5 inches long, mounted par- 115 
the electrodes are mounted. The arms 8 allel to the longitudinal axls of the bulb; 
are p2eferably made of some insulating ma- as shown in Fig. I, with the distance be- 
terlal such as glass and a convenient method tween the diametrically o posite electrodes 
of mounting the electrodes on them is to about one and three-fourt B s inches and the 

6 provide the electrodes with holes through space or gap between the edges of the elm- 120 
which the arms 8 extend. trodes about three-fourths of an inch. The 

The atmosphere in the bulb 1 preferably atmosphere is a mixture of-neon and helium. 
consists of some of the rare gases of high containing about 20% by volume of helium, 
conductivity such as neon or helium or a and having in the finished lamp a pressure 

Q mixture of the two. On account of its high of about one millimeter of mercury. With 126 
conductivity and luminosity, as compared such a lamp the series resistance 9 may well 
with the other gases, I prefer neon in as be about 300 ohms, and with a resistance 
pure a condition as i t  is possible to obtain of this value the lamp will take from .07 
I&. The pressure of the gas in the bulb 1 to .I amperes when connected to a 220 volt 

6 is so much less than that of the atmosphere circuit. 130 



In a lamp constmeted in accordance with 
my invention' the ap lication of an altar- R nating potential to t e lamp will cause a 
glow discharge to appear in the form of a 

6 velvety glow or corona of yellowish light 
over the entire surfaces of all the electrodes 
and also a suffused glow throughout the 
entire interior of the bulb. I f  the applied 
potential is unidirectional then the elec- 

10 trodes which are positive remain dark. The 
amount of current and the volume of li h t  ti is dependent upon the area of the electro es, 
the distance they are separated, and the pres- 
sure of the gas- 

16 The ease of starting of this lamp and its 
successful operation o i  low voltage circuits, 
such as the commercial lighting circuits 
commonly used, appear to be due to the fact 
that the volts per centimeter of the negative 
glow are very much less than the volts per 
centimeter required to establish and main- 
tain the pwitive column which has hereto- 
fore been the sole part of the column used 
for the production of light. If ,  for ex- 

45 ample, in a gaseous conduction tube, the 
positive column fills about Q of the length 
of the tulbe about 20 volts per centimeter 
is absorbed in the positive column and only 
about 5 volts per centimeter in the negative 

a0 glow, but if the pressure is adjusted so that 
the negtltive glow fills about three-fourths 
of the length of the tube then the volts per 
centimeter in the negative glow are about 
one and pne-half. The current is small in 

86 the first dark space near the cathode, rises 
to a mtaximum value in the negative glow, 
and sinks again very low in the second dark 
space between the negative glow and the 
positive column. 

The electrodes can be subdivided if de- 
sired. and in the form of lamp shown in 
Figs. 3 and 4 instead of the bar electrodes 
shown in Fig. 1 I use filaments or wires 
which may be arranged in various ways. 
For example, I may place the filaments 10 
and 11 on the arms 8 to form in effect two 
conr~ntric layers insulated from each other 
and connected to the two terminals of the 
lamp. 

The filaments or wires may be m d e  of 
metal, or of carbon, a sufficient numbes of 
fila~nents being used to obtain t b  desired 
area of electrode. The discharge is facili- 
tated if the surface of the electrodes is some- 
what roughened. 

Where the lamp is to be used on direct 
current a positive electrode may be sur- 
rounded by the negative electrodes without 
loss of light, as the ositive electrode re- 
mains dark during t \ e operation of the 
lamp. An example of this arrangement is 
shown in Figs. 5 and 6 in which the wsitive 

electrodes on the ends of the arms 8 form a 
sort of cage surrounding the positive elec- 
trode. When this type of lamp is in opem- 
tion all of the negatlve electrodes are sur- 
rounded by a glow and owing to their dis- 70 
tribution in the lamp a very large light giv- 
in surface is obtained. 

%he distribution of light can be modified 
b varying the shape and position of the r e ectrodw and a desirable form is illus- 76 
tratad in Fig. 7 in which the electrodes are 
in the form of two arallel plates or disks P 13 and 14. If the amp is connected to a 
source of alternating current both disks or 
piates will be surrounded by a glow and the 80 
spaca between them will be filled with dif- 
fused glow. If  the lam is to be used on 
direct current circuits t \ e upper positive 
electrode may be made considerpbly smaller 
as it remains dark during the operation of 85 
the lamp and in this case the glow around 
the negative electrode is depended upon to 
furnish all of the light. 

What I claim as new and desire to secure 
by Letters Patent of tho United Stattr;, is : 90 

1. The combination of a closed vessel con- 
taining a rarefied atmosphere of rare gas of 
good conductivity, two electrodes mounted 
in said vessel and spaced apart a distance 
such that a glow discharge occurs in' re- @s 
sponse to a low potential difference between 
said electrodes, said atmosphere being at n 
pressure such that the luminous discharge 
from said electrodes is substantially all of 
negative glow. 100 

2. The combination of a closed vessel con- 
taining a rarefied atmosphere which consists 
principally of neon and the remainder of 
helium, solid metal electrodes fixed in said 
vessel and spaced apart a distanco less than iaa 
two inches, said rttmosphere being at a pres- 
sure such that a potential of 220 volts mill 
establish and maintain from said electrodes 
a luminous discharge consisting solely of 
the negative glow. 110 

3. A gaseous conduction lamp comprising 
a sealed vessel, elongated metal electrodes 
mounted in said vessel side by side to form 
discharge gaps having a length greater than 
the distance between the opposed portion of 116 
said electrodes and an atmosphere of rare 
gasos of good conductivity in said vessel a t  
a pressure such that the luminous discharge 
from the electrodes consists solely of tho 
negative glow. 120 

4. A gaseous conduction lamp cornprisin 
a sealed bulb, elongated electrodes mounte 8 
concentriaally about the longitudinal axis crf 
said bulb and connected so that the adja- 

'cent electrodes are alternately of opposite 126 
polarity and an atmosphere of rare gas of 
good conductivity in said bulb a t  a pressure 

electrode 12-is placed dose to the-central such that the luminous dischar e from said 
hub, being made in this particular instance electrodes consists solely of t e negtbtim 
in the form of a helix while the negative glow. 

5 
130 



5. A gaseous conduction lamp comprising 
a sealed bulb, a positive electrode near the 
asis of the bulb and a negative electrode 
concentric with said positive electrode and 

5 comprising a pluralit of mettellic members i mounted longitudinal y of the bulb and sub- 
stantially concentric with said positive elec- 
trode, said members being metallically con- 
nected to the negative terminal of the Ismp. 

no 6. A gaseous conduction lamp comprising 
a sealed bulb, a central glass hub in said 

bulb provided with radial arms, elongated 
dectdes  mounted on said arms, the dis- 
tance between said electrodes being less than 
two inches and tt rarefied atmosphere of 1-3 e 15 
gas in said bulb at a pressure such that ?' he 
discharge from the electrodes consistssqlely 

I 
of the nega t i n  low. 

In  witness w b ereof, I have hereunto set 
my hand this B t h  day of Novehber, 1917. 20 


