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My invention relates to gaseous electric dis 
charge devices and apparatus for operating the 
same from alternating current circuits. It re 
lates particularly to electric discharge devices 
which require the application of a higher voltage 
for starting them than for the subsequent opera 
tion thereof. Certain forms of apparatus of this 
character which have been constructed hereto 
fore and which have included capacitors for ob 
taining the required higher starting voltage have 
not been entirely satisfactory for various rea 
sons; the cathodes of the devices often have been . 
damaged by the high current peaks produced by 
the capacitors employed, and the apparatus has 
not had as good operating characteristics as de 
Sired. 

. One object of my invention is the provision of 
improved apparatus of the above mentioned char 
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acter which employs simple means including ca 
pacitors by which the desired starting voltage 
may be obtained without danger of damage to 
the cathodes. Another object is the provision of 
improved apparatus of this character which will 
operate with high efficiency and good stability, 

92.5 which will not be critical to reasonable varia 
tions in line voltage and whose construction will 
be simple and inexpensive to manufacture. 
My invention will be better understood from 

the following description takenin connection with 
the accompanying drawing and its scope will be 
pointed out in the appended claims. 

Referring to the drawing, Fig. 1 is a circuit dia 
gram illustrating one embodiment of my inven 
tion in which an electric discharge device is em 
ployed having non-thermionic electrodes, and 
Fig. 2 is a circuit diagram showing a modifica 
tion thereof in which the discharge device is pro 
vided with one thermionic electrode and with one 
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non-thermionic electrode. 
While my invention is applicable to apparatus 

employing various forms of electric gas dis 
charge devices it is of particular interest and has 
been especially developed for use in connection 
With low pressure discharge devices which are 
employed to give light. A preferred form of such 
device is a lamp of the positive column type com 
prising a tubular envelope having electrodes at 
its ends and containing a gaseous atmosphere 
such as a few millimeters of a rare gas, for ex 
ample argon, and a small quantity of a vaporiz 
able metal, such as mercury. Preferably the en 
velope is coated internally with a suitable fluores 
cent material in order that the electric discharge, 
which in itself may be scarcely visible, shall pro 
duce the desired high degree of illumination. 

(C. 176-124) 
The coating may also contain a suitable mate 
rial to cause the lamp to continue to give light 
during the intervals of current reversal therein. 
In the description to follow therefore I shall re 
fer to the discharge devices as lamps. It is well 
known that to start a discharge in such a lamp by 
the application of a voltage to its electrodes a 
higher voltage must be employed than that re 
quired to maintain the discharge after, it has 
been started. 

Referring to Fig. 1, I have shown the electric 
discharge device or lamp at , the same being pro 
vided at its ends with the thermionic electrodes 
2 and 3 which are heated by the discharge which 
takes place between them rather than being pre 
viously heated to an electron emitting tempera 
ture as, for example, by passing a current through 
them. Before starting, the lamp has a high re 
sistance and may require a voltage considerably 
higher than that of the circuit from which it is 
supplied to start a discharge therein. A lamp for 
example that is adapted to operate on a 115 volt 
circuit may require the application of approxi 
mately 300 volts between its electrodes to cause 
it to start. After it has started, however, the arc 
drop will be approximately only 65 volts but a 
voltage somewhat greater than that is required to 
maintain the discharge. This required voltage 
has been found to be of the Order Of the 

times the voltage of the arc drop. In the circuits 
now to be described the difference between the 
voltage of the source of supply and the arc drop 
votes absorbed by the ballast employed. 
As shown by Fig. 1 the lamp is connected 

through the connections 4 and 5 with the Source 
of supply 6 of alternating current which for ex 
ample may be a 60 cycle, 110 volt lighting circuit. 
These connections include the switch 7 and the 
ballast reactor or choke coil 8 whose inductance 
for example may be 1.3 henries. At a point in 
termediate the ends of this reactor, shown by 
way of example as the mid-point thereof, is the 
tap 9 and connected between this tap and the 
other lamp connection is a branch circuit con 
s'ructed to have a leading power factor and com 
prising the reactor or choke coil to whose induic 
tance, for example, may be .45 henries and the 
capacitor whose capacitance for example may 
be 3 mfd., the reactor and capacitor being ar 
ranged in series. The reactor 8 thus constitutes 
a step-up auto transformer of which that part 
of the reactor winding between the switch and the 
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point 9 is the primary and the entire winding is 
the Secondary. 
When the Switch is closed to energize the lamp 

that part of the reactor winding which con 
prises the primary together with the reactor lo 
and the capacitor if constitute a circuit, which 
is in a condition of partial resonance, that is, the 
inductance and the capacitance of the circuit 
are not such that the circuit is tuned or is in 
exact resonance at the frequency of the Source 
of supply but rather is only partly tuned Or, in 
other words, is operated off the resonance peak. 
The voltage then applied to the electrodes 2 and 
3 is the vector sum of that of the source and the 
induced voltage of the reactor 8 due to the lead 
ing current drawn through the branch circuit 
comprising the reactor 0 and capacitor . The 
resultant voltage applied to the electrodes of the 
lamp is sufficient to cause a discharge to start 
therein. Having started, the lamp continues to 
operate with the reactor 8 in combination with 
reactor 0 and capacitor as the effective bal 
last. The lamp together with that part of the re 
actor 8 between the tap 9 and the electrode 2 now 
form a shunt around the branch circuit compris 
ing the reactor O and the capacitor so that 
the current therein is very materially reduced but, 
nevertheless, is of such a value that the capacitor 
exerts a beneficial effect by raising the power fac 
tor to such an extent that with apparatus hav 
ing the values mentioned above the current drawn 
from the supply circuit 6 is but slightly lagging. 

I have found that when a capacitor is en 
ployed in circuit with such a lamp the high cur 
rent peaks due to the capacitor often seriously in 
jure the cathodes of the lamp if the lamp is al 
lowed to continue in circuit therewith for any 
appreciable length of time. In the circuit which 
I have devised and have just described the cur 
rent peaks arising from the action of the capac 
itor in the branch circuit during the starting of 
the lamp are dissipated and sufficiently smoothed 
out by the reactor 0 in series therewith so that no 
harmful results are apparent in the electrodes of 
the lamp. 
In the modified form of my invention illustrated 

by Fig. 2, the electrode 2 is initially heated to an 
electron emitting temperature by passing a cur 
rent through it. The said electrode is connected 
in series with the branch circuit comprising the 
reactor 0 and capacitor f whereby the current 
traversing that circuit will pass through and heat 
that electrode at the time of starting. After the 
discharge in the lamp has started however the 
electrode 2 may be kept hot partly by the current 
in the branch circuit and partly by the cathode 
Spot formed thereon. As in the form illustrated 
by Fig. 1 the lamp after being started operates 
with inductive ballast but the capacitor very 
materially improves the power factor of the ap 
paratus. Moreover, the high current peaks orig 
inating in the capacitor are smoothed out by the 
reactor in series therewith. 
While in Fig. 1. I have not shown any means 

for initially heating the electrodes, it will be un 
derstood that the electrodes may be heated in any 
desired and well known manner. Also, the elec 
trode 2 of Fig.2 may, if desired, be heated in any 
desired and well known manner. 

iyoreover the lamp may be provided with a 
well known form of indirectly heated electrode in 
which case the member 2 would constitute the 
heater therefor, the electrode and the heater be 
ing electrically connected together. 
I have chosen the particular embodiments 
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described above as illustrative of my invention 
and it will be apparent that various other moa 
fications may be made without departing from the 
spirit and scope of my invention which modifica 
tions I am to cover by the appended claims. 
What I claim as new and desire to secure by 

letters Patent of the United States, is: 
1. In combination, a source of alternating cur 

rent supply, an electric discharge device, con 
nections between the elctrodes of said device and 
said source, a transformer having its secondary 
included in one of said connections, and a branch 
circuit including a reactor and a capacitor ar 
ranged in Series and connected to be Supplied from 
said source through the primary of said trans 
former. 
.2. In combination, a source of alternating cur 

rent Supply, an auto-transformer, a circuit con 
nected to be Supplied from said Source including 
the primary of said transformer, a reactor and a 
capacitor arranged in Series, an electric discharge 
device and means connecting said device to be 
Supplied from said source in series with the sec 
Ondary of said transformer. 

3. In combination, a source of alternating cur 
rent supply, an electric discharge device having 
electrodes, connections between the electrodes 
thereof and said source, a transformer having a 
winding in the connection to one of said elec 
trodes and a circuit including a reactor and a 
capacitor in series connected between another of 
said electrodes and an intermediate point of said 
Winding. 

4. In combination, a source of alternating cur 
rent supply, an electric discharge device, one of 
the electrodes thereof being electron emitting, 
connections for Supplying energy from said source 
to said device, a transformer having its secondary 
in one of said connections, and a branch circuit 
including the primary of said transformer, a re 
actor, a capacitor and said one electrode arranged 
in series. 

5. In combination, a source of alternating cur 
rent Supply, an auto-transformer, an electric dis 
charge device, one of the electrodes thereof being 
electron emitting, connected in Series with the 
secondary of said transformer to be supplied from 
said source, and a circuit including a reactor and 
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a capacitor arranged in series with said one elec 
trode and the primary of said transformer. 

6. In combination, a source of alternating cur 
rent supply, an electric discharge device, connec 
tions between the electrodes thereof and said 
Source, a reactor all portions of whose winding are 
constructed to produce flux in the same direc- : 
tion arranged in one of said connections, and a 
branch circuit including a capacitor and a second 
reactor in series permanently connected between 
an intermediate point of the first mentioned de 
actor and the other of Said connections. 

7. In combination, a source of alternating cur 
rent Supply, an electric discharge device having 
a starting voltage higher than the voltage of said 
source, connections between said device and said 
source, a transformer having its secondary ar 
ranged in one of said connections arid a branch 
circuit arranged permanently between said con 
nections including a capacitor, a reactor and the 
primary of said transformer in Series. 

8. In combination, a source of alternating cur 
rent Supply, an electric discharge device having 
a starting voltage higher than the voltage of said 
source, connections between said device and said 
source, a transformer having its secondary ar 
ranged in one of Said connections and a branch 
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circuit having capacitative reactance perma 
nently connected between an intermediate point 
of Said secondary and the other of Said connec 
tions whereby the voltage across said branch cir 
cuit is augmented by transformer action to effect 
the starting of the device. 

9. In combination, a source of alternating cur 
rent supply, an electric discharge device having a 
starting voltage higher than the voltage of said 
source, connections between Said device and said 

3 
source, a transformer having its secondary ar 
ranged in one of said connections and a capac 
itatively reactive branch circuit permanently con 
nected between an intermediate point of said 
secondary and the other of said connections, the 
amount of inductance in the circuit comprising 
the transformer primary and the branch circuit 
being materially greater than that required to 
produce a condition of resonance therein. 
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