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This invention relates to apparatus for starting and oper 
ating electric discharge lamps, particularly those of high 
pressure mercury vapor types. Such apparatus is general 
ly called a ballast. 

Prior ballasts have either placed the two lamps in series, 
in which case the failure of one lamp would put both lamps 
out, or in parallel, with a separate condenser in series with 
each lamp, in which case interaction could occur due to 
insu?icient isolation of the lamp circuits, causing unstable 
operation. The instability is especially deleterious in so 
called “hot restarting,” that is, in attempting to restart 
shortly after the lamps have stopped operating due to a 
temporary voltage interruption in the line or for some 
other reason. The parallel type circuit will usually cause 
the lamps to alternately go on and off in a so-called “?ip 
?op” manner when re-starting is attempted while the 
lamps are still hot, at high mercury pressure from the 
heat of a recently interrupted operation of the lamp. The 
electrodes are damaged by this sort of operation. , 
The present invention eliminates such disadvantages by 

operating each lamp from a separate Winding 01f a single 
transformer, thus providing two isolated circuits for opera 
tion of the lamps. To facilitate starting, however, one 
end of one winding can be connected to one end of the 
other winding to place them in series-aiding relationship, 
which‘ means that there is a series circuit including the 
two transformer coils, a series condenser, one lamp, 
another lamp, and another series condenser for the latter 
lamp. There is then a connection between the two ends 
of the lamps which are connected together and the two 
ends of the windings which are connected together, form 
ing a kind of bridge circuit. 

Since both windings can be on the same leg of the trans 
former, with leakage reactanoe between these two wind 
ings and the primary winding, the starting of one lamp 
will transiently increase the voltage available across the 
other lamp, thereby starting it also. 
For sequential operation, the lamp which is to start ?rst 

should have more turns in its winding, or more voltage 
induced in the winding, so that it will de?nitely start with_ 
out any assistance from the other lamp. The ?rst lamp 
will then start whether or not the second lamp starts. 

However, if the ?rst lamp does not start, the other lamp 
may not start, unless the circuit is used with a capacitor 
connected across at least parts of the two secondary wind 
ings in series in order to raise the starting voltage, or 
unless the number of turns on the secondary winding for 
the second lamp, with the added ?ux in the core from the 
current through the other lamp, is su?icient to start the 
lamp. After the starting of the ?rst lamp, the increased 
flux in the core from the current flow to that lamp, will 
increase the secondary voltage to the other lamp about 
20%. 
We have discovered, however, that the best operation 

occurs when both secondaries have about the same num 
ber of turns, and the open circuit voltage of each is su?i 
cient to start the lamp. Because the starting of one lamp 
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increases the starting voltage to the other, and because of 
the electrical isolation of the two lamps in other respects, 
the “h-ot-restriking” problem is solved by my invention. 
The two secondaries can be completely separate, if de 
sired, and can be used without a common center connec 
tion. 

Other features objects and advantages of‘the invention 
will be apparent from the following speci?cation, taken in 
connection with the accompanying ?gure in which: 

'In the ?gure, a closed magnetic core 1 preferably of a 
good grade of transformer iron such as silicon steel, has 
[four legs 2, 3, 4, 5, cforming a closed magnetic circuit with 
the leg 6 between legs 3 and 5 in order to provide a shunt 
path ‘for magnetic leakage between the primary windings 
7, 8 and the secondary windings 9, 10. The windings 7 
and 8, can be connected either in series or in parallel. In 
practice they are generally made so that they can be con 
nected in parallel for 110 volt operation or in series for 
220 volt operation. 
The secondary coils 9 and 10 are connected in series 

aiding relationship, and between the outer ends 11 and 12 
the capacitor 13, lamp 14, lamp 15 and capacitor 16 are 
connected in series. A connection 17 extends from the 
connection 18 between the lamps 14 and 15 and connection 
19 between the two coils 11 and 12. Bleeder resistances 
20 and 21, respectively, are connected across each con 
denser 13 and 16 in order to discharge the capacitors 
When the circuit is open, as is customary in the use of 
capacitors. 
An additional capacitor 22 may be connected across 

part or all of the windings 9 and 10, as shown, in order 
to increase the voltage available for starting the lamps. 
This condenser can be omitted if desired, in which case a 
few more turns may have to be added to the windings 9 
and 10 to increase the voltage. 
A voltage of ‘about 260 volts is generally desirable for 

starting the usual types Olf 400 Watt high pressure mercury 
lamps. The open circuit voltage of winding 9‘ is about 
260 volts in the example described, that across winding 
10 about 200 volts, with condenser 22 out of circuit. The 
capacitors 13 can be of about 26 microfarads and capaci 
tor 22 if used, can be of 2.3 microfarads. The resistors 
20 and 21 can be of 1 megohm for example, although the 
exact value is not critical. In one embodiment the trans 
former core 1 had outside dimensions of 67% inches by 
3%; inches by 3", and inside dimension of 4%2 inches by 
15/16 inches by 3", with the shunt 6 being about % inch 
by 3%; inch by 3% inches. The two coils 7 and 8 had 
about 142 turns each, and coils 9 and 10 had about 255 
turns each. The'lamps 14 and 15 were standard 400 
watt high pressure vapor lamps with a starting voltage of 
about 225 volts and an operating voltage of about 130 
volts. 
The number of turns on winding 9 can generally be 

about 20% less than the number on winding 10, if sequen 
tial starting is desired. 

Although a particular embodiment of the invention has 
been described many modi?cations may be made therein 
without departing from the scope of the invention set 
forth in the accompanying claims. 
What I claim is: 
1. A circuit for starting and operating electric dis 

charge lamps comprising a transformer having at least 
one primary winding and at least two secondary windings, 
each of said secondary windings having a capacitor and 
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an electric discharge lamp connected in series with it, the 
two secondaries being both on the same leg of the trans 
former so that current flow through one secondary will 
increase the ?ux through the other, and a third capacitor, 
said third capacitor being connected across at least part 
of said two secondary windings to raise the starting volt 
age. 

2. A circuit for starting and operating electric discharge 
lamps comprising a transformer having at least one pri 
mary winding and at least two secondary windings, each 
of said secondary windings having a capacitor and an 
electric discharge lamp connected in series with it, the 
two secondaries being both on the same leg of the trans 
former so that current ?ow through one secondary will 
increase the ?ux through the other, the primary being on 

10 

15 

another leg, said legs being connected to form a closed 
magnetic circuit, [and a magnetic shunt between the leg 
on which the primary winding is placed and the leg on 
which the secondaries are placed. 
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