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9 (Claims, 

My invention relais to gaseous electric dis 
charge devices generally, and more particularly 
to circuit arr:...gements for starting and oper 
ating such devices. Still more particularly, my 
invention relates to circuit arrangements com 
prising two or more such devices. 
One of the objects of my invention is to pro 

Wide a starting and operating arrangement for 
gaseous electric discharge devices provided with 
thermionic electrodes which employs a minimum 
of equipment and assures reliable starting to 

' gether with operation at high efficiencies. An 
other object is io provide a simplified circuit 
arrangement Wiich permits operation of the 
devices directly from ordinary commercial 
Sources (115 volts, for example) of either alter 
nating or direct current. Further objects and 
advantages of my invention will appear from the 
following description of species thereof and from 
the drawing. 

In the drawing, Fig. 1 is a diagrammatic rep 
resentation of a circuit arrangement comprising 
my invention; Fig. 2 is a perspective view of a . 
portion of a novel combination thermal switch 
and ballasting device which may, if desired, be 
employed in the circuit; and Figs. 3, 4 and 5 are 
diagrammatic representations of modified circuit 
arrangements included within the scope of the 
present invention. 

Referring to Fig. 1, the circuit illustrated 
therein comprises a plurality (two, in this in 
stance) of gaseous electric discharge devices 
O, electrically connected in series with each 

other and with a ballast resistance if across 
the terminals 2, 3 of a source of alternating 
or direct current. The devices i O, O' may be 
positive couinn discharge lamp devices con 
prising the elongated tubular envelopes or con 
tainers 4, 4' having sealed into the ends 
thereof the thermidnic electrodes 5, 6, 5, 6 
each herein illustrated as consisting of a coil 
(preferably a coiled-coil of wire Such as tung 
sten coated with a material of high electron 
emissivity, such as an alkaline earth oxide like 
barium or strontium oxide or mixtures thereof). 
If desired the said electrodes may be so de 
signed that the voltage drop therea cross exceeds 
the ionizing voltage of the gaseous atmosphere 
So that a local arc discharge is formed there 
across during starting, as disclosed in Patent 
2,103,034, G. E. Inman. The envelopes t, 4. 
contain a gaseous atmosphere such as a rare 
gas like neon or argon, or mixtures thereof, or 
a vaporizable metal such as mercury, or a mix 
ture of gas and vaporizable metal. 

(C. 315-100) 
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each of the devices 0, 0' may be a low-pres 
sure positive column lamp of the fluorescent type 
recently made commercially available wherein 
the envelope is coated internally with a suit 
able luminescent material and contains a fling 
of rare gas, preferably argon, at a low pressure 
of the order of 1-10 mm. of Hg, preferably about 
4 mm., and a Small quantity of mercury. The 
ballast resistance may, as illustrated, consist 
of an incandescent tungsten filament lamp. 

In accordance with my invention, the lamps 
0, 0' are initially shunted by the Switches 
7, 7 which may be of any suitable type, either 
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manually or automatically operable and when 
the lamp electrodes becomes Suficiently heated 
the switches 7 and T' are opened one after 
the other whereby the necessary starting voltage 
is applied to each lamp. Several automatically 
operable switches are well known to the art, as 
exemplified, for example, by bimetallic switches 
and magnetic vibrator switches commercially 
available at the present time for use with the 
above-referred-to-fluorescent lamps. 
The following is a detailed description of an 

arrangement operated in accordance with the 
showing in Fig. 1: 

Each of the lanpS 0, 0' was a fluorescent 
lamp of the type referred to above comprising 
an envelope about eighteen inches long and one 
and one-half inches in diameter, containing 
argon at a pressure of about 4 mm., and a Small 
quantity of mercury. The electrodes consisted 
of Colled-coils of tungsten wire coated withi a 
mixture of barium and strontium oxides. The 

5 ballast resistance if was a standard commercial 
100 Watt, 115 volt tungsten filament incandescent 
lamp. The switches T, 7 were of the thermal 
bimetallic type fully described in application 
Serial No. 228,365, filled September 3, 1938, by 
Leo R. Peters and assigned to the assignee of 
the present application, the heaters for the 
switches being in series with lamp . The 
current source 2, 3 was a commercial 5 
volt, 60 cycle alternating current line. 

In the operation of the circuit, when voltage 
is applied to the line the two switches 7, 7' 
are closed and current flows through the cath 
odes of both lamps thereby heating them, the 
said cathodes and ballast lamp all being con 
nected in series across the line terminals 2, 3, 
as will be apparent from an inspection of Fig. 1. 
For convenience in explaining the operation, let 
it be assumed that switch opens first. When 
said switch T opens, the current flowing throug: 

If desired, 55 the series circuit is suddenly reduced to zero 
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lamp fl likewise reduces. Thus, the full line 
voltage is applied to lamp. e causing an arc 
discharge to strike therein between its elec 
trodes 5, 6, and the current through the cir 
cuit momentarily increases due to the regative 
resistance coefficient of the lamp S. This action 
further raises the temperature of the electrodes 
5, 6 of lamp fe' and effectively reduces its 

required starting voltage. Thus wien switc. 
opens, the lamp. O' starts, in this case, at 

approximately 60 per cent of its normal startieg 
voltage. . (This explanation also holds for direct 
current operation.) With both leaps art 
O' operating, the lamp acts as a bags to as 

limit the current flowing in the circuit. When 
the line voltage is low, the resistance of the 
ballast lainp is automatically decreased and 
as the voltage rises, the resistance incresses, 
thus affording an automatic regaiser of care, 
rent over Wide Voltage ranges. 
The following is a table of measexiests itsela 

during operation of the above 22:3: 

22,508 
and with it the voltage drop across the basast ate a plurality of lamps whose combined startising 

voltages are greatly in excess of the line voitage, 
whereas a similar circuit enploying a Single lang 
whose starting voltage was higher than the li 
voltage would be inoperative. v. 

In place of thermal switches of the type dis 
closed in the above-nentioned 3Peters application, 
glow-type thermal switches of the type disclosed: 
in application Serial No. 289,837, filed August 2, 
1939, by W. C. Smitley, inty be eigngloyed. E. 
this case one of the switches is sited by 3. 
high resistance (2,000 chais, ior ex:22 ple) sizce 
the switch contacts are normally ege. To it:- 
plicate the results given aibove, a 5 wait lap 
is used at . 

In Fig. 2 is shown a combined stric gadi base 
last unit which may be employed its tie Fig. 
circuit to combine in one smal: Exit; the switches 

and T and the ballast f. 23aci. of the 
switches , d' comprises a digic:368 pair of 
bietallic strips it, and 3', S' Eespectively, 
the curved strips , 8' exag 33632.Éed of . 
singie eater or filsnest SS visicia (332's eSports 

- Line illine Line exp Salest Eg yers LaInp 
lamp woits apps, watts watts was 3: E. volts 

3i 3, . 3. 6. 8. 45.0 
- - - - - - - - - - - - - - - - - - - - - - - - - - ... 3 8.8 $5. 

8 38 40 . 8.8 8.0 Y 
- - - - - - - - - - - - - - - - - - - - - - - - ----- 28. 83. 4.0 

25 . 40 3 6. S. 44, it 
10'---------------------------...-- it. - . . . . . . --- 8: . . . . . .----- ... O 

T T 
From the above table it,w,2) be see: 288 wit? to the ballast lamp of Sig. ... EEG 33.6 Svya(EGS 

my invention the percer&gge (S 3.3 : Feisge 83 
absorbed by the two 2: Raps a SG5 is is 258,825ia's 
greater than oie-hai; and is SE 3.838.3 gre&G; 
th: the perce age of the like : C &ge; 2.2838. 
by the haliast. Thus with a 3:2; W33 &gs of 36 
the coniinaed lamp 'foitage is 3 E & 
nately 82% of the line voltage, evigg a 
nately i3% of the line voltage 3.5 & 
by the ballast; with a lize "7:35: 

ballast; and with a ting voi:35 
bined lamp voltage is 33 c5 2. 
of the line voltage, leg, visig 2): 
of the line voltage as inai, Eyss, 
last. 
The "yoltage digg across ::: ; 

ually increases as the line of age dies: Gases, A& 
100 line volts, the total garag gigg, Virgi's 35 “fits, 
The iamps will no longer es Sigitats: aegi is age 
eration at line voltage beloy 3,628, 3.3% wiA. Eggs, 
at 100 volts. Thus, ballastigag Gas & Go:ésie: 
With this circuit with a di Seein 32 S&Vjee, 33 
and lamp volts of only five a cert, 63 

. . . It will be obvious that 6:e S.E. V. S. BiG:3 
may be operated on this cirgi', i.a. Steig 
tors being lamp and line voie.g. 2; 3:33,28 
of course, that the combined tigaegge 3:523 23 
lamps during operation do it; GSR Sig. 3 
source voltage. Foweyer, in E2 ( 
cally illustrated above, i.e :516: 
each of the airps is act, C 
pending to a large exteni ga S. 
dies are esta.c. s. 323ise : 
Ed Yantage (; liais is"Cai, Gigi 
voltage of each iErg 313, 
yoitage, the cocaibigaec sac: 
considerably higher (iia as 2. 
as high). Thus it is possils 

f 

85 ductors 2, 22 to switch aire coagnected across 

33 stree; current, it 33S2 re. 

s', ', as strated, are ag.GE 3: E.g. 3 (35so 
closed and claimed in SpESS...g. Se: š. 
228,365, fied Septegier 3, 336, by E33 : éée:SE. 
&Ed 3signed to the assigS232 (2: 3: 'esses at 2:34 
gleation, The said bigge:32.5G (2,232:3: S3, SS 
Eric 8', fe' and aester Scies: ECE & 
glass stem 2, a3a are seased it 3. g. R&S CY 29.5i 6. 
stab O' envelope (raot, sayib S3ES: FE: 2, 33.5 
able gas, such as heliu or Ensycitogeti. 3rd prefe's 
ably carrying a base (no, savi), Sisi as 3e 
eye exployed on radio takes S.E.5 Fiating S: 
gogg contacts hai'secra. Fig 3"eggcGive groEgg 

. are connected by conducts 2G, 32 to eje:Grass 
GE, 38 respectively, of s72;c2a : Ely codilectors 
26, 22 to eierrents 6, 83' tes;33&ively, of Switch. 

"; and by conductors. 23, 25 c (ES:(site e is 
G8 he saker . . The 30ER:33:32.5 g. Ellis C&Se 
are the sare 83S those gia. SE8 is Fig. 5. Ra88; g, 
&he conductors 2, 23 to Sagie: G 3'e GGE geese. 
across the cataOdies 5, 3 of Eszag (; the ce:E- 

i.ec.gi acces; 5, 3 of aSai G (; &Eac: ; 30.26;e 
as 23, 23 to heater ' 332 (6.53 assed awe&E, 
the tertainai 2 and catixia a 3 of tie is 2ng SG. 
The operation of the Sg. 3:32: 302.3aig Sig 
device shown in Fig. 2 is 33 cisely as descr:cs 
gove: - 

'Eze. sievice sino.7 it sig. 2, 3 s Ee Saivr&E ages 
that it in sizes 320ssible t26. Garakisz of 37 (2. 

3. Eace as 2.23 ERA (Die 3.12.2's Skies;22 of {2, SEASE 
Scio Abe, i, Wig ope2EED 35. 33.35.si' aite) 23:23, 

tags, Stecstase £esis;2.É.ie 
'Gia? Esaiast, and it is 25:3 

aire circuits shortalia 3:33 
is 53 ''g') is: Easy 3 E: 

323 (252 of gas, Elisagg 
379,72 sh:SS 222d E.E.C.3) 
&eferring to 2333, S. Sag 53.as: 

SE 33 E. Ege:S3c2:03, G3 is RE.8, Sir E 

  

  

  



22,508 
insertion of an inductance or choke coil 25 in 
series with lamps to and O' in addition to the 
ballast resistance or lamp l. The source 2, 3 
may, as in Fig. 1, be alternating or direct cur 
rent. The purpose of the inductance 25 is to 
provide a partial ballast of the lamps which ef 
fectively reduces the watts loss over a pure re 
sistance ballast as shown in Fig. 1. Such an ad 
dition of reactance to the circuit may be neces sary in the operation of some discharge lamps 
and will improve the current and voltage wave 
shapes. 

In the Fig. 4 circuit, designed for operation 
from a source 2, 3 of alternating current, in 
ductance 25 is substituted as the ballast for re 
sistance if of Fig. 1, and resistances or lamps 26, 
26' are inserted in series with the switches , T' 
respectively, across lamps E 0 and 0'. In some 
cases where the line voltage is considerably 
higher than 115 volts, as for example 220 volts, 
and the cathodes 5, 6 are of the same resistance 
as those in the Fig. 1 lamps, it will be necessary 
to place such resistances 26 and 26 in series with 
the switches to control the flow of current dur 
ing the starting cycle. After the lamps to and 
O' have started, switches 7 and T' are open and 

the resistances 26 and 28’ are out of the circuit. 
The ballast need not be a single choke as shown 
at 25, but may be a pure resistance or lamp bal 
last as shown in Fig. , or a combination of the 
two as in Fig. 3. 
The Fig. 5 circuit is like that shown in Fig. 1 

except that inductances or choke coils 27, 27' are 
inserted in series with the switches , , re 
spectively, across lamps to and 0'. 
rangement is particularly effective where the 
starting voltages of the lamps 0 and O' are 
higher than those of the lamps in Fig. 1, the 
choke coils serving to produce a voltage Surge 
when the switches and T' are opened so as 
to start the lamps. This circuit is also effective 
for starting a single lamp O or 0' whose start 
ing voltage is higher than that of either lamp O 
or 10 of Fig. 1, but whose operating voltage is 
about the same as the combined operating volt 
ages of lamps ?o and O' of Fig. 1. : 
While I have shown and described above cer 

tain forms of my invention, it will be obvious to 
those skilled in the art that various changes may 
be made therein without departing from the 
spirit of the present invention. If desired, the 
directly heated electrodes 5, 6 may be replaced 
by indirectly heated electrodes wherein the said 
coils 5, 6 serve as heaters for a surrounding 
metal (nickel) tube which is electrically con 
nected at one end to one end of the said heater, 
and is ceated with electron emissive material. 
Moreover, for operation from a source of direct 
current, only one of the electrodes 5 or 6 need 
be a thermionic electrode. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a plurality of gaseous elec 

tric discharge devices having therein spaced elec 
trodes, one electrode at least in each device be 
ing thermionic and adapted to be heated by the 
passage of current therethrough prior to the 
starting of the device, ballasting means having 
a positive nonlinear resistance temperature char 
acteristic and having low heat inertia, means 
connecting said devices and ballasting means in 
a series circuit, and a time delay starting switch 
for each of said devices each Switch being con 

This ar- ; 
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with the thermionic electrode thereof, and means 
for causing said switches to open successively. 

2. In combination a plurality of gaseous elect 
tric discharge lamps each having an electrode at 
each end thereof adapted to be heated by the pas 
sage of current therethrough prior to the start 
ing of a discharge in the lamp, ballasting means 
comprising a resistor having a positive nonlinear 
resistance temperature characteristic and having 
low heat inertia, means connecting said ballast 
ing means and said lamps in a series circuit, a 
plurality of starting switches one for each of Said 
lamps each switch being connected across its re 
spective lamp and in series with the electrodes 
thereof, and means by which said Switches are 
opened in succession and with a time delay after 
the energization of said circuit. . 

3. In combination a plurality of gaseous elec 
tric discharge lamps each having an electrode at 
each end thereof adapted to be heated by the pas 
sage of current therethrough prior to the start 
ing of a discharge in the lamp, ballasting means 
comprising a tungsten filament incardescent 
lamp, means connecting said ballasting means 
and said lamps in a series circuit, a plurality of 
starting switches one for each of said lamps each 
switch being connected across its respective lamp 
and in series with the electrodes thereof, and 
means by which said switches are opened in suc 
cession and with a time delay after the energi 
Zation of said circuit, 

4. In combination, a plurality of electric dis 
charge devices having therein spaced electrodes 
adapted to be heated by the passage of current 
therethrough prior to the starting of the device, 
ballast for said devices, means connecting said 
ballast and said electrodes in a series circuit, 
and a starting switch having a plurality of pairs 
of contacts, each pair being connected to inter 
rupt said series circuit between the electrodes of 
a Separate device, said switch having common 
operating means for said pairs of contacts con 
structed to operate them in sequence. 

5. In combination, a plurality of electric dis 
charge devices having therein spaced electrodes 
adapted to be heated by the passage of current 
therethrough prior to the starting of the device, 
a ballasting resistor, means connecting said re 
sistor, said devices and the electrodes thereof in 
a series circuit, and a multiple switch having one 
pair of contacts connected to interrupt said series 
circuit between the electrodes of one device, and 
having another pair of contacts connected to 
interrupt said series circuit between the elec 
trodes of the other device, and a single member 
operative to cause Said pairs of contacts to open 
in sequence. 

6. In combination, a plurality of electric dis 
charge devices having therein spaced electrodes, 
one electrode at least of each device being ther 
mionic and adapted to be heated by the flow of 
Current therethrough prior to the starting of the 
device, a ballast, means for connecting said de 
vices and said ballast in series across a source 
of current Supply, a plurality of starting switches 
each connected to shunt one of said devices and 
to control the flow of current through the ther 
mionic electrode thereof, the sum of the arc-drop 
voltages of said devices being materially greater 
than one-half of the voltage of said source, and 
means operative to open said switches succes 
sively. 

7. In combination, a plurality of electric dis 
charge devices having therein spaced electrodes 

nected across one of said devices and in series 75 adapted to be heated by the flow of current there 
  



4 - 22,503 

through prior to the starting of the devices, a 
ballast, means for connecting said devices and 
said ballast in Series across a source of current 
supply, a plurality of starting switches each con 
nected to shunt one of said devices and to control 
the flow of current through the electrodes there 
of, the sum of the arc-drop voltages of said de 
vices being of the order of 75% of the value of 
the voltage supplied by said source, and means 
operative to. open said switches successively. 

8. In combination, a plurality of electric dis 
charge devices having therein spaced electrodes 
adapted to be heated by the fow of current there 
through prior to the starting of the devices, a 
ballast, neans for connecting said devices and 
said ballast in series across a source of current 
Supply, a plvirality of starting switches each con- , 
nected to shunt one of said devices and to control 
the flow of Current through the electrodes there 
of, the percentage of the source voltage absorced 

0 

by said devices being at least twice the percentage 
of the source voltage absorbed by said ballast, 
and means operative to Open said Switches suc 
cessively. . . 

9. In combination, a plurality of electric dis 
charge devices having therein spaced electrodes 
adapted to be heated by the flow of current there 
through prior to the starting of the devices, a 
ballast including reactive means, means for con 
necting said devices, and said ballast in series 
across a source of current supply, a plurality of 
starting switches each connected to shunt one of 
Said devices and to control the foy of current 

5 
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through the electrodes thereof, the percentage of 
the source Yoltage absorbed by said devices being 
of the order of four times the percentage of the 
source voltage absorbed by said hallast, and 
means operative to open said switches at different 
tines. 

OEN E. CAMEBELL. 

  
  


