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This invention relates to electric ballasts, and, 
more particularly, to improvements in stabilized 
ballasts for mercury vapor electric discharge lamps. 
By the term “stabilized ballast' is meant a 

ballast which maintains substantially uniform 
lamp operation over a considerable range of vari 
ations in supply voltage. While there are a num 
ber of different kinds of stabilized ballasts, hone 
of them are particularly suitable foil operation 
with ultraviolet radiation producing arc lamps 
of the photochemical type. having a merculary 
vapor discharge at substantially atmosphei'ic 
pressure in a quartz crystal envelope, because 
they provide an abnormally long warm-up period. 
of the Order of 15 or more minutes before the 
lamp reaches a stable operating co:dition and 
comes up to full wattage operation. 

In accordance with this invention, thefe is 
provided a novel and simple stabilized ballast 
which develops relatively little internal heating 
and which is easy to manufacture because its 
parts do not have to be held to close mantifacs 
turing tolerances and which is relatively quiet in 
comparison with ordinary stabilized ballasts be 
cause it has very little stray flux. It utilizes a 
linear characteristic main reactor, a transformer 
having a normally saturated eore. Section and a 
capacitor, these elements being so interconnected 
tha, the main reactor is connected in series with 
the primary winding of the transformer across 
the source of current supply aid the lamp to be 
operated is connected across the secondary wind 
ing of the transformer and the capacitoria Series, 
with the main reactor so connected that it is in 
the input line to the ballast so that it carries the 
line current rather than only the primary wild 
ing current of the transformer. -- 

In addition, automatic means is provided for 
increasing the lamp current during the starting 
warm-up period so that the lamp reaches its 
stable operating condition and full wattage in a 
much shorter time which, in the case of a 1000 
watt lamp, will be of the order of 3 to 5 minutes, 
whereas for the conventional stabilized ballast, it would require substantially 15 minutes. 
An object of the invention is to provide a new 

and improved ballast for an electric discharge device. 
Another object of the invention is to provide a 

new and improved stabilized ballast for electric discharge iamps. 
A further object of the invention is to provide 

a new and improved stabilized ballast which pro 
vides a relatively short warm-up time for a mer culty vapor arc lamp operated thereby. 
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The invention will be better Inderstood from 

the following description taken in connection 
with the accorn panying drawing and its Scope 
will be pointed out in the appended clais S. 

In the drawing. Fig. 1 is a circuit diagram of 
a discharge lamp systern which includes an ein 
bodiment of the invention; Fig. 2 is a perSpec 
tive view of a preferred form of core for a con 
bined main reactoir and transformer for use in 
the enlbodiment of the invention shown diagian 
matically in Fig. 1: Fig. 3 is a perspective yievy of 
a modified form of core for a combined reactor 
and transformer; Fig. 4 is a perspective view of 
a suitable form of separate reactor; and Fig. 5 is 
a perspective view of a suitable form of separate 
transformer. 

Referring now to the drawing, and more par 
ticularly to Fig. 1, the ballast, which is indicated 
generally by the reference numeral t is shown as 
being provided with three main terminals 2, 3 and 
4, terminals 2 and 3 being the input tennirals and 
terminals 3 and A being the output terminals, so 
that termina 3 is a coininon terminai. The Sys 
term may be energized in any suitaible manner, 

5 such as from an alternating current supply cir 
cuit 5 of say 110 to 130 volts, 60 cycle per second 
alternating current, and the input terminals 3 
and 3 may be selectively connected to the circuit 
5 by means of a simple on-off switch 8. 
The principal elements of the ballast are a 

main linear iron cored eactor i, an iron cored 
transformer 3, and a capacitor 9. The trans 
former 8 may be of any type and is showin, by way 
of example, as being a voltage step-up auto 
transformer, although it will of course be. Uilder. 
stood that an insulating transformer Inay be 
used, and also the transformer hay have any 
desired latio for either stepping up the voltage 
or stepping the voltage down. The reactor is 
connected between the input termina 2 &nd 3. 
tap i O on the winding of the transforniae : Winich 
may, for example, be located about 4, of its en 
tire electrical length from its left-hand end, as 
viewed in the drawing, so as to produce a voltag3 
step-up of about 5 to . The left-hand end of the 
Winding of the transformer & is coinected to the 
input terminal 3 and, in this finalines', the por 
tion of the winding 8 betwjeen its left-h2ns: ei: 
and the tap 10 constitutes the primary tyi 
the transformer and the voltage of 
winding under open load circuit cond 
be typically of the order of 500 volts. t 
connected between the output terminals 3 and is 
are the entire winding of the transformer 8, 
which constitutes its secondary winding, and the 
capacitor 9. It is to be noted that the main re 
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actor is excluded from the circuit of the ballast 
etween its output terminals 3 and So that the 
main reactor carries the line current, that is to 
say, it carries the entire load current of the unit 
which flows between its input terminals. 
The load for the ballast, which is connected 

externally to the ballast proper between its out 
put terminals 3 and 3, comprises a mercury vapor 
arc discharge lamp it. Such a lamp consists 
typically of a quartz crystal tube or envelope 22, 
for transmitting the ultraViolet radiation of the. 
excited mercury vapor, at Whose ends are mount 
ed main electrodes 3 and li. Inside the tube or 
envelope is a Simall amount of argon gas and 
sufficient Recury So that when all of it is Vapor 
ized the mercury vapor pressure Will be about 
normal atmospheric preSSure. - 

For decreasing the warm-up or starting time 
of the lamp an auxiliary reactor 5 is con 
nected in series with the lamp in the output 
circuit of the ballast and a voltage responsive re 
lay 6 is provided having contacts for short 
circuiting the reactor. 3 and having an Operating 
coil 8 connected across the output of the ballast, 
that is to say, having its ends connected respec 
tively to the output terminals 3 and 4 of the 
balla.St. 
The operation of Fig. 1 is as follows. When 

the starting switch 6 is closed, the full voltage of 
the secondary winding of the transformer 8 is 
impressed between the electrodes 3 and A, thus 
ionizing the argon gas in the lamp if and caus 
ing an arc discharge between those two electrodes. 
The heat developed by this argon gas discharge 
vaporizes the mercury and, when all of the iner 
cury becomes vaporized and the mercury vapor 
pressure rises to about normal atmospheric pres 
sure, the arc between the main electrodes becomes 
primarily a mercury arc discharge. The corn 
plete vaporization of the mercury takes an appre 
ciable length of time, because of mercury Con 
densation behind the electrodes 3 and it, Which 
time is materially reduced if the starting current, 
that is to say the current between the imain elec 
trodes during the argon gas discharge phase of 
the starting operation, is relatively high. Dur 
ing this starting phase of the Operation of the 
lamp, the arc drop between its main electrodes is 
relatively low even at relatively high values of 
current and the lamp wattage is relatively low. 
The purpose of the auxiliary reactor 5 is to 

neutralize some or all of the capacitive reactance 
of the capacitor 9 so as to decrease the effective 
impedance of the lamp circuit and thus increase 
the lamp current and decrease its warm-up or 
starting time. As the lamp voltage during this 
starting period is relatively low, the relay 6 re 
mains dropped out in its illustrated position. 
However, as soon as the lamp has been nearly 
warned up and its mercury vapor pressure has 
increased to near its final value, the lamp voltage 
and watts increase, and the relay coil 6 responds 
to the attainment of rated lamp voltage by pull 
ing in and closing its contactS 7. So as to short 
circuit, the auxiliary reactor 5. 

Stabilization of the output of the ballast, that 
is to say, stabilization of the lamp current and 
voltage with variations in the voltage of the Sup 
ply circuit is results from the fact that the lead 
ing current taken by the capacitor 9, in flowing 
through the transformer 8, magnetically satu 
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4. 
ing current, resulting from changes in supply 
voltage, which flow through the linear reactor 7 
produce a regulating voltage drop in the linear 
reactor 7 which, in effect, neutralizes Substan 
tially all of the changes in supply voltage. 
The magnetic Saturation of the core of the 

transformer 8 produces a non-sinusoidal output 
Current which has a relatively low heating value 
and that is another reason Why I have found that 
the relay 6, in combination with the auxiliary 
reactor 5, produces a marked decrease in the 

5 

Warm-up time necessary for the lamp. 
The capacitor 9 typically has a Volt-ampere 

rating of approximately four times the volt-am 
pere rating of the lamp . 
A preferred magnetic core construction for the 

reactor and the transformer 8 of Fig. 1 is shown 
in Fig. 2. This comprises a plurality of lamina 
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rates a portion of its core so that the magnetiz 
ing or exciting current of the transformer is very 
Sensitive to variations in supply voltage and the 
relatively large changes in exciting or magnetiz 5 

tion layers each containing a special E-shaped 
lamination f 9 and an i-shaped lamination. 20. 
As shown in the drawing, the lannination 9 comi 
prises an end leg 2 having a plurality of win 
dows 22 therein for providing saturated restricted 
Sections or bridged gaps. Member 9 is also pro 
Vided with a center leg 23 of the same length as 
the leg 2 and is provided with a short end leg 
2. The L-shaped punching or lamination piece 
is provided With a long side 25 and a short end 
23. Alternate lamination layers are reversed so 
that the butt joints between the ends of the legs 
2 and 23 and the side of the long leg 25 of the 
punching 20 are interleaved, as shown by the 
dashed lines. A nonmagnetic air gap 27 is formed 
between the ends of the short legs 243 and 28. The 
Winding of the transformer 3 is mounted on the 
leg 21 and the winding of the reactor 7 is mounted 
on the leg consisting of the short legs 2i and 26 
and which contains the air gap 27. 

In Fig. 3 the transformer core is shown as 
comprising a plurality of interleaved E and I 
shaped punchings 28 and 29. The center leg 
of the E-shaped punching 28 is provided with a 
plurality of windows 29 for providing saturated, 
restricted sections or bridged gaps and the 
Winding of the transformer 8 is mounted on this 
center leg. The core of the reactor consists 
of a plurality of Stacked E-shaped punchings 
30 butted up against a side of the transformer 
Core and a Suitable nonmagnetic gap 3 may he 
provided by any spacing means between these 
parts. The Winding of the reactor Will be 
mounted on the center leg of the stacked punch 
ingS 3). 
A Suitable separate form of reactor 7 is shown 

in Fig. 4 as comprising a stack 38 of E-shaped 
magnetic steel punchings having a coil 32 
mounted on the center leg of the stack and 
having a stack of I-shaped punchings 33 placed 
across the ends of the legs of the E-shaped 
Stack 39 with a nonmagnetic air gap 3 there 
between for providing the desired linearity in 
the magnetization characteristic of the reactor. 
A Suitable form of separate transformer 3 is 

shown in Fig. 5 as comprising interleaved or re 
versely stacked layers of E- and I-shaped punch 
ings 28 and 29 so as to interleave the butt joints 
between the E- and I-shaped members of each 
layer with a winding 38 on the center leg and 
with windows 29 in the center leg so as to pro 
vide bridged gaps or magnetically restricted 
sections in the center leg which will saturate at 
a lower value of flux density than the rest of the 
COe. 
While there have been shown and described 

particular embodiments of the invention, it will 
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be obvious to those skilled in the art that changes 
and modifications may be made without de 
parting from the invention, and it is therefore 
aimed in the appended claims to cover all such 
changes and modifications as fall within the 
true Spirit and Scope of the invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A Stabilized output ballast for electric dis 

charge devices comprising, in combination, a 
pair of input terminals, a pair of output termi 
nals, a reactor winding, a transformer having 
primary and Secondary winding sections, said 
reactor winding and said primary section being 
Serially connected between said input terminals, 
a capacitor, said capacitor and said secondary 
Section being serially connected exclusive of said 
reactor Winding between said output terminals, 
a magnetic Core for said reactor Winding having 
a non-magnetic gap therein for preventing Satu 
ration and providing a linear magnetizing 
characteristic, and a magnetic core for said 
transformer having a saturable restricted sec 
tion which Saturates when discharge device cur 
rent flows through said capacitor and said sec 
Ondary Section. 

2. A stabilized output voltage ballast for an 
electric discharge lamp comprising, in combina 
tion, a pair of input terminals for connection to a 
Source of alternating current supply, a reactor 
Winding, an autotransformer winding having a 
primary Section and a Secondary Section, said 
reactor Winding and said primary section being 
Serially connected between Said input terminals, 
a capacitor, a pair of output terminals for con 
nection to opposite electrodes of an electric 
discharge lamp, Said Secondary Section and said 
capacitor being Serially connected between said 
output terminals to the exclusion of said reactor 
winding, a substantially closed magnetic core 
for Said reactor Winding having a non-magnetic 
gap for preventing Saturation and providing a 
linear magnetizing characteristic, and a closed 
magnetic core for said autotransformer having 
a central winding leg and oppositely disposed 
yokes, said Winding leg having a Saturating re 
stricted section. 

3. A stabilized output ballast for electric dis 
charge devices comprising, in combination, a 
pair of input terminals, a pair of Output termi 
nals, a main reactor winding, a transformer hav 
ing primary and secondary Winding Sections, 
said main reactor Winding and said primary 
section being serially connected between said 
input terminals, a capacitor, Said capacitor and 
said secondary section being serially connected 
exclusive of said main reactor winding between 
said output terminals, a magnetic core for Said 
main reactor winding having a nonmagnetic 
gap therein for preventing saturation and pro 
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viding a linear magnetizing characteristic, a 
magnetic core for Said transformer having a 
Saturable restricted section which saturates 
when discharge device current fiows through 
Said capacitor and Secondary section, an auxili 
alry reactor connected in series circuit, relation 
With Said capacitor in the output circuit of said 
ballast between Said output teriniinals, and a 
voltage Sensitive relay having normally open 
contacts connected for short-circuiting said 
auxiliary reactor and having an operating coil 
connected between said output terminals. 

4. A stabilized output voltage ballast for a 
mercury arc discharge lamp comprising, in com 
bination, a pair of input terminals for connec 
tion to a Source of alternating current supply, 
a main reactor Winding, an autotransformer 
winding having a primary section and a sec 
Ondary Section, Said main reactor winding and 
Said primary section being serially connected 
between Said input terminals, a capacitor, a pair 
of output terminals for connection to opposite 
main electrodes of a mercury arc discharge lamp, 
Said Secondary Section and Said capacitor being 
Serially connected between said output termi 
nals to the exclusion of Said main reactor wind 
ing, a Substantially closed magnetic core for said 
main reactor Winding having a nonmagnetic 
gap for preventing Saturation and providing a 
linear magnetization characteristic, a closed 
magnetic core fol' Said autotransformer having 
a central Wiilding leg and oppositely disposed 
yokes, said Winding leg having a Saturating re 
Stricted Section, an auxiliary reactor serially 
Connected With Said capacitor and said second 
ary Section between Said output terminals, and 
a voltage responsive relay having a set of 
normally open contactS Connected for shortcir 
cuiting said auxiliary reactor when they are 
closed, said voltage responsive relay having an 
operating coil connected between said output 
terminals and responsive to the attainment of a 
predetermined voltage therebetween for oper 
ating said relay So as to close its contacts. 
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