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My inyention relates to apparatus for starting 
and controlling electric discharge devices such as 
discharge lamps of the fluorescent type which are 
now coming into common use. It relates particu 
larly to apparatus for starting a plurality of Simi 
lar electric discharge devices connected to be 
operated in series from a source of current supply. 
AS at present constructed, a lamp of that type 
Comprises a long transparent tubular envelope 
containing mercury vapor at a low pressure and 
having its side Walls coated with a Suitable phos 
phor which under the influence of an electric dis 
charge through the mercury vapor produces fluo 
rescence. The lamp electrodes which are mount 
ed in the ends of the envelope are filamentary in 
form and are coated with a suitable electron emis 
sive material. Such a lamp requires for its start 
ing the application of a voltage or electric im 
pulse considerably higher than the voltage nec 
essary to keep the lamp in operation after it has 
been started, the starting voltage required being 
materially less if one or both of the lamp elec 
trodes are heated to an electron emitting tem 
perature prior to the application thereof. A pre 
heating of the electrodes of such lamps as they 
have been constructed heretofore, moreover, has 
been essential in Order to avoid excessive dam 
age to the electrodes by the starting voltage and 
the attendant blackening of the lamp walls in the 
vicinity of the electrodes by the material knocked 
off them. By reason of recent developments made 
in such lamps particularly in the construction of 
their electrodes prior heating of the electrodes is 
not as essential to the prevention of injury to the 
lamp as heretofore. Because of the desire to 
avoid the time delay occasioned by electrode pre 
heating, notwithstanding the fact that lamps as 
heretofore constructed were known to be seriously 
injured by being continually started without elec 
trode preheating, apparatus has been used which 
would produce a voltage peak or impulse Suff 
ciently high to make the lamp break down imme 
diately upon its application thereto. 

It is an object of my invention to provide im 
proved apparatus for starting a plurality of simi 
lar electric discharge devices connected to be op 
erated in Series from a source of current supply 
whose voltage is less than the sum of the start 
ing voltages of said devices but is greater than the 
starting voltage of one of the devices. 
My invention will be better understood from 

the following description taken in Connection with . 
the accompanying drawing and its scope will be 
pointed out in the appended claims. 
Referring to the drawing, Figs. 1 and 2 are cir 
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cuit diagrams illustrating two embodiments of 
my invention. . 
In Fig. 1 two long tubular similar discharge de 

vices which, for example may be 40 watt fluores 
cent lamps are shown diagrammatically at and . . 
2 each provided with filamentary electrodes 3 
which may or may not be short circuited as shown 
by the drawing. The lamps and 2 when started 
without any preheating of their electrodes may 
each require from 400 to 450 volts to start de 
pending upon various conditions such as the 
geometry of the envelope and the temperature of 
the ambient. The envelopes of the lamps contain 
mercury vapor at low pressure and the side walls 
thereof have a phosphor thereon which when ex 
cited by a discharge through the mercury vapor 
produces fluorescence. The two lamps are con 
nected to be operated in Series from the second 
alry of the auto-transformer 5, the Connection 
including the ballast reactor 6. The voltage of the 
secondary may, for example, be 600 volts and the 
reactance of the ballast may be 1140 ohms. The 
transformer 5 has its primary connected through 
the control switch 8 with the Source 9 of alter 
nating current Supply which, for example, may be 
a 115 volt, 60 cycle lighting circuit. 
Inasmuch as the combined starting voltage of 

the two lamps in series is considerably higher than 
the secondary voltage of the transformer 5 it will 
be seen that the lamps when connected in Series 
with the transformer as shown will not start with 
out the aid of other apparatus but after having 
been started they will continue to operate in series. 
To effect the starting of the lamps, I have provided 
the circuit 2 shunting the lamp 2 and comprising 
the capacitor 3 and the reactor 4 whose reactive 
impedances may be 5300 and 1240 ohms respec 

40 

45 

SO 

tively. The net reactance of the shunt circuit. 
therefore is capacitive and the net reactive voltage 
of that circuit is opposite in character to the reac 
tive voltage of the ballast 6. By reason of this 
shunt circuit substantially the full voltage of the 
transformer 5 is initially applied to the lamp 
and is sufficient to cause a discharge to start there 
in. Since the combined reactance of the capacitor 
3 and the reactor 4 considered as a unit is capaci 

tive when current passes through them after 
the lamp has started and as the reactive voltage 
of that unit is opposite in character to the reac 
tive voltage of the ballast 6 a voltage appears 
across the unit which is higher than the starting 
voltage of the lamp 2. It will be understood that 
from the values given above of the relative re 
active impedances of the reactors 6 and 4 and 
capacitor (3 that this combination will be in the 



2 
condition of partial resonance so that the reso 
nant effect of the reactor and reactor circuit 
which comprises the capacitor 3 and reactor 4 
produces a starting voltage across the other lamp 
2 which may be in the range of equal to or greater 
than the voltage of the source, depending upon 
the degree of resonant effect, as the amount of 
resonant effect needed is, of course, governed by 
the relative values of the potential of the Source 
and the starting voltage of the lamp. 
When the switch 8 is closed to operate the 

lamps the lamp immediately starts and the cur 
rent taken thereby traverses the ballast reactor 6 
and the shunt circuit comprising the capacitor 
3 and the reactor 4. The voltage then applied 

to the lamp 2 by the shunt circuit causes that 
lamp also to start after which the current 
traversing the shunt circuit drops to a low value. 
The two lamps and 2 thereafter continue to 
operate connected in series across the secondary 
of the transformer 5 and since the ballast 6 is 
inductive the lamp current is lagging. If it is 
desired that the energy taken from the source 9 
shall be at approximately unity power factor One 
may connect a suitable capacitor represented at 
5, across the secondary of the transformer. 
In Fig. 2 the lamps and 2 and the trans 

former 5 are similar to the above-described cor 
responding parts of Fig. 1, but in this case the 
lamps operate with a leading current. The lamp 
ballast in Fig. 2 comprises the reactor 6 and the 
capacitor T, the reactive impedances of which 
may for example be 784 and 2150 ohms respec 
tively, and since the impedance of the capacitor 
is greater than that of the reactor the lamp cir 
cuit is capacitive. To effect the starting of the 
lamps I have provided the circuit 2, which is 
connected in shunt with the lamp 2 and com 
prises the reactor 8, whose reactance may for 
example be , 4350 ohms. AS this reactor is the 
only reactive element in the shunt circuit, it will 
be seen that the reactive voltage of the Shut 
circuit is opposite in character to that of the 
lamp ballast. As in Fig. 1 the voltage of the 
transformer is sufficient to start the lamp and 
after it starts, the voltage appearing across the 
shunt circuit 2'. is sufficient to cause the lamp 2 
to start. If in this form of my invention it is 
desired that the energy taken from the source 9 
shall be at approximately unity power factor 
one may connect a Suitable reactor, as indicated 
at 9, across the primary of the transformer 5 
or, if preferred, he may construct the core of 
the transformer With an air gap therein thereby 
to increase the exciting current of the trans 
former. 
When the switch 8 is closed, lamp imme 

diately starts and the current taken by it flows 
through the ballast 6, 7, and the shunt circuit 
2 including the reactor 8. 

voltage appearing acroSS the ends of the shunt 
circuit is sufficient to cause the lamp 2 to start 
after which both lamps and 2 continue to 
operate with capacitive ballast and hence with a 
leading current. 
In either of the above-described forms of my 

invention if it is desired that the currents taken 
by the two lamps be more nearly equal during . 
their operation and also if greater stability of 
the lamps be desired one. may build into the 
reactor employed in the shunt circuit 2 or 12' 
Somewhat more resistance than would otherwise 
be employed Or, if preferred, he may insert a 
Separate Small resistor in that circuit. 

the resulting, 
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What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a plurality of electric dis 

charge devices, means having reactive impedance 
for connecting said devices to be operated in 
series from a source of alternating current whose 
voltage is less than the Sum of the starting volt 
ages of Said devices but greater than the start 
ing voltage of one of Said devices, and a reactive 
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circuit connected across another of said devices, 
the reactive voltage of Said circuit being opposite. 
in character to the reactive voltage of Said im 
pedance, whereby after said one device is started 
the resonant effect of Said impedance and said 
reactive circuit produces a starting voltage 
across said other device which is substantially 
equal to or higher than the voltage of said 
SOce, . 

2. In combination, a plurality of electric dis-r 
charge devices, a reactor for connecting said de 
vices to be operated in Series from a source of 
alternating current whose voltage is less than 
the sum of the starting voltages of said devices 
but greater than the starting voltage of one of 
Said devices, and a reactive circuit Whose re 
actance is predominantly capacitive connected 
across another of said devices, whereby after said 
one device is started the resonant effect of Said 
reactor and said reactive circuit produces a start 
ing voltage acroSS Said other device which is 
Substantially equal to or higher than the voltage 
of Said Source. 

3. In combination, a plurality of 'electric dis 
charge devices, reactive means whose reactance 
is predominantly, capacitive for connecting said 
devices to be operated in Series from a source 
of alternating current whose voltage is less than 
the Sun of the starting voltages of said devices 
but greater than the Starting voltage of one 
of Said devices, and a reactive circuit whose re 
actance is predominantly inductive connected 
across another of Said devices, whereby after 
said one device is started the resonant effect of 
said reactive means and said reactive circuit pro 
duces a starting voltage across said other device 
which is substantially equal to or higher than 
the voltage of said Source. 

4. In combination, a plurality of electric dis 
charge devices, a step-up transformer the volt 
age of the secondary of which is less than the 
Sun of the Starting voltages of Said devices out 
greater than the starting voltage of one of said 
devices, means comprising a reactor connecting 
Said devices in series across the secondary of Said 
transformer, and a capacitive circuit comprising 
a reactor and a capacitor connected across an 
other of Said devices, whereby after said one de 
vice is started the resonant effect of said means 
and Said capacitive circuit produces a starting 
voltage acroSS Said other device which is sub 
stantially equal to or higher than the voltage 
of Said Source. 

5. In combination, a plurality of electric dis 
charge devices, a step-up transformer the volt 
age of the Secondary of which is less than the 
Sum of the starting voltages of said devices but 
greater than the starting voltage of one of said 

means comprising a reactor and a 
capacitor, the reactance of the later being greater 
than that of the former, connecting said devices 
in Series across the Secondary of said trans 
former, and a reactor connected across another 
of Said devices, whereby after said one device is 
started the resonant effect of said means and 
Said last mentioned reactor produces a starting 
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voltage across said other device which is sub 
stantially equal to or higher than the voltage of 
said SOce. - 

6. In combination, a plurality of electric dis 
charge lamps having spaced electrodes, means 
including a reactive ballast for supplying from 
a source of supply operating current to said 
lamps in series and voltage for starting one of 
them, said means including reactive eas cone 

nected across the other of said lamps and having , 
a reactive voltage opposite in character to the 
reactive voltage of said ballast, whereby after 
said one lamp has started the resonant effect 
of said ballast and said reactive means produces 
a starting voltage across said other lamp which 
is substantially equal to or higher than the volt 
age of said source. 

WAR. J. CARASB. 


