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WATAGE CONTROL, SYSTEM FOR 
WAPOR ARC LAMPS 

Lester F. Bird, Newark, N.J., assignor to Hanovia 
Chemical and Manufacturing Company, New 

the present invention relates to a Wattage con 
trol System for vapor arc lamps and particularly 
to a controlled regulating circuit therefor. 

Metal vapor arc lanps and discharge tubes are 
usually operated from high reactance trans 
formers whereby the secondary reactance limits 
the current that will flow from the transformer 
Secondary to any resistance load between a short 
circuit condition and the maximum input of the 
arc lamp. 

It is a common practice to design the trans 
formers So that the Starting currents are about 
1.45 times the usual operating currents and So 
that during operation the voltage drop across 
the transformer Secondary is the Voltage drop 
across the lamp itself. The reactance of the 
transformer secondary serves to stabilize the arc 
lamp and keep it lighted. Such reactance is 
inductive in character and the current in the 
lamp circuit lags behind the induced secondary 
voltage causing a lagging power factor for the 
supply currents. With such a transformer, the 
Wattage consumed by the lamp varies approxi 
mately as the square of the percentage change of 
the line Voltage Supply, i. e. a 10% change in line 
voltage results in a 21% change in lamp wattage. 
Fluctuations in line Supply voltages, therefore, 
result in wide variations in light output of the 
lamp and continuous readjustment of the input 
connections is required on the transformer if the 
lamp Wattage is to be maintained at or near a 
Constant value. - - - 

According to my Patent No. 2,482,894, I have 
Overcome the above disadvantage by providing 
an operating system for vapor arc lamps and dis 
charge tubes, being supplied from alternating 
current Sources, whereby the input to arc lamps 
and discharge tubes, and also the light generated 
thereby, are rendered less affected by the voltage 
of the operating Supply circuits and are substan 
tially freed from variations resulting from fluc 
tuations in the Supply voltage. 
The present invention deals with a system sin 

ilar to and which retains all the desirable features 
of my said patent and which in addition thereto 
relates to a controlled regulating circuit whereby 
the output of the stabilized control system may be 
adjusted or varied from level to level as desired 
While at the same time the levels of output are 
effectively stabilized to be independent of the 
Variations in the line Supply voltage. 

It is an object of the present invention to pro 
vide a controlled regulating circuit for adjusting 
the output of an operating system which main 
tains a Substantially constant Wattage, It is 
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another object of the present invention to pro 
vide an adjustable output operating System for 
vapor arc lamps whereby the adjusted output 
level of Said lamps remains effectively stabilized 
and free of variations in line Supply Voltage. It 
is a further object of the present invention to 
provide the combination of a constant Wattage 
control system and means to vary the Output 
level thereof under substantially stabilized con 
ditions. Other objects and advantages of the 
present invention will become apparent from the 
description hereinafter following and the draw 
ings forming part hereof, in which: 

Figure 1 is a diagrammatic representation of 
an operating circuit for metal vapor arc lamps, 

Figure 2 is a diagrammatic illustration of an 
adjustable output operating System according to 
the present invention, and 
- Figure 3 is a modification of the System shown 
in Figure 2. 

According to the present invention, I provide 
a discharge device operating System for main 
taining a Substantially constant Wattage and 
which system comprises the combination of a 
high reactance type transformer having a mag 
netic core structure and mounted thereon a pri 
mary input coil and a secondary inductive coil 
in spaced relation to each other with a high re 
luctance magnetic shunt between the coils, a 
stabilizing wattage circuit connected to the ter 
minals of the secondary coil and comprising a 
capacitor connected between one of the terminals 
of the secondary coil and a discharge device, the 
stabilizing wattage circuit being operative under 
a series stabilizing reactance provided by the re 
actance of a secondary coil wound about a core 
material operating at the knee of the Saturation 
curve for the core material in combination with 
the reactance provided by the abovementioned 
capacitor having a kv.-a, rating of about 1% to 6 
times the kV.-a, rating of the discharge device. 
The above described discharge device operating 

system is identical with the operating System of 
my Patent No. 2,482,894 and, therefore, according 
to Figure 1, and 2 are supply lines of variable 
alternating current voltage from which an en 
closed vapor arc lamp is to be operated. A high 
reactance transformer 3, having a primary 4, a 
secondary 5 and a leakage reactance 6, such that 
the secondary short circuit current lies between 
1.1 and 1.7 times the normal lamp operating 
current, is diagrammatically illustrated. The re 
actance 6 is shown as a separate unit for illus 
trative purposes although it is in fact built into 
the structure of the transformer as a character 
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istic of the transformer and is an electrical 
rather than a physical entity. The series ca 
pacitor has between 1% and 6 times the kV.-a. 
rating of the arc lamp 8. Since the arc lamp 8 
can only operate in a stable system if it has 
Sufficient Series reactance to Constitute a Com 
plete circuit having a positive volt-ampere char 
acteristic, it must at all times and under all con 
ditions of operation and during all parts of the 
current cycle have an adequate reactance in 
Series With it to maintain stability. It is int 
herently impossible to operate with only a Series 
capacitor for the stabilizing means in the circuit 
of my invention because of an Oscillating Cons 
dition which follows the use of only series ca 
pacitative reactance for the Stabilization of the 
arc lamp. I actually utilize a resultant capaci 
tative reactance for stabilization because the 
capacitor employed is in an effective Series con 
nection with an inductive reactance, leaving the 
Sum total, for both, capacitative. The reactance 
of the series capacitor 7 is chosen to be approxi 
mately twice the value of the inductive reactance 
6, leaving a resultant capacitative reactance in 
the circuit essentially equal in value to 6 since 
in this combination the inductive reactance and 
the capacitative reactance subtract from each 
other. Since the resultant reactance is the one 
which provides stabilization for the lamp, and 
in this case is capacitative, the lamp is actually 
Operating from a capacitative reactance and so 
that currents flowing in the secondary or lamp 
circuit are of leading power factor. 
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Having set forth the particular system to . 
which my invention is applicable, I provide there 
for and in combination therewith an electrical 
control means which enables the abovementioned 
System to function as an adjustable output op 
erating System such that the output of a lamp, 
in Said System, can be varied or adjusted from 
Ievel to level as desired while at the same time 
being effectively stabilized to be independent of 
the variations in line supply voltage at a chosen 
Output level. 

Figure 2 illustrates the adjustable output op 
erating System according to the present inven 
tion. The basic circuit is similar to the circuit, 
of Figure 1 regardless of the fact that the re 
actance 6 is not illustrated since, as stated, it 
exists as an electrical entity. The adjustment of 
the output of the lamp is accomplished by pro 
viding in combination with the circuit therefor 
the equivalent of a commutating device such as 
a moveable member or brush 9 in contact, with 
more or leSS of the secondary turns of the trans 
former within the limits through which the 
lamp 8 will function. The brush 9 is in series 
Connection with the other embodiments of the 
circuit substantially as illustrated. I vary the 
output level of the lamp 8 by adjusting the sec 
ondary voltage of the transformer while the lamp 
is in operation by means of the movement of 
the brush 9 which contacts more or less dif the 
windings of the secondary coil between the 
chosen limits, e. g. limits established by a tap 
0 and a tap f on the secondary coil. 

taps function to include only such portion of 
the Secondary coil which contains a maximum 
and minimum number of windings through 
which the operating voltage of the lamp may 
be safely adjusted. Adjustment of the position 
of the brush 9 from one winding to another 
between the taps and causes a change in 
the Secondary voltage and, as a result, a change 
in the lamp current. Such a performance makes 
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4. 
it possible to adjust the light strength of a given 
lamp from one level to another to an exact out 
put and at the same time maintains a steady 
output when the brush has been set for a desired 
level of output. 
The output of a lamp under these conditions 

Varies approximately as the Square of the per 
centage change of the Secondary Woltage and 
such that a change of 10 percent in secondary 
Woltage causes about a 21 percent change in light 
Output from a lamp. A 20 percent change in 
secondary Voltages results in about a .44 percent, 
change in light output, etc. Since for various 
reasons, it may not be desirable to vary the 
output of a lamp more than about 35 percent, 
Such a maximum variation can be secured by the 
Operation of a commutating, device producing 
about 17 percent change in secondary voltage. 
Such changes, as above stated, result in light 
levels that are substantially free of variations 
of the line input voltage. 
A commutating device associated with the sec 

Ondary of a transformer in a lamp operating sys 
tein where the lamp is operated only from a 
purely reactive type transformer does not func 
tion in accordance with my invention because the 
reactance of the coil, which determines the cur 
rent delivered to the lamp, varies as the square 
of the number of turns in the secondary. At the 
Same time, the no load voltage delivered by such 
a reactive transformer varies directly with the 
number of the secondary turns. A condition can 
easily result where the reactance changes with 
the number of turns more rapidly than the volt 
age and an increase in turns actually results in 
a decrease in lamp wattage. Therefore, instead 
of a ten percent increase in voltage producing 
approximately a twenty-One percent increase in 
light output, it actually results in a smaller in 
crease or in an actual reduction. No independ 
ence of the light output from line voltage changes 
is ever present with such a combination. 

In a lamp operating system according to my 
invention, the core material associated with the 
Secondary winding of the transformer is operat 
ing at a maximum flux density which is nor 
mally considered very high, e. g. of the order of 
120,000 lines per square inch, where very sub 
Stantial increases in magnetizing force produce 
Only slight increases in the maximum flux or in 
the induced voltages associated with the flux. 
The expression "at or near the knee of the 

Saturation curve for the core material,' as here 
inbefore set forth, when used in connection with 
alternating current, is understood to indicate that 
during an appreciable portion of each half-cycle 
of the alternating current, the core is in a satu 
rated condition. 
The high average saturation of the iron greatly 

reduces the reactance of the secondary coil until 
it acts as a source of voltage with but little re 
actance. An increase in turns, therefore, can in 
crease the voltage of the Secondary without a cor 
responding increase in reactance. For this rea 
Son, an increase in Secondary turns and voltage 
will at all times produce an increase in lamp 
Wattage and this wattage can be adjusted by 
manipulation of the Secondary voltage turns. At 
the same time, the lamp wattage remains stable 
and essentially free of fluctuations, due to chang 
ing line input voltages to the transformer, at 
Whatever level results from the secondary voltage 
Settings. 
The adjustable output operating system of my 

invention makes it possible to reproduce or main 
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tain optimum light output for uses where. Such 
optimum light output is essential, e.g. for irradia 
tion or exposure purposes where optimum light 
output is highly advantageous. . 

Figure 3 illustrates a modification of the system 
as shown in Figure 2 and whereby the commutat 
ing device may be removed from intimate contact 
with the transformer secondary and still provides 
the same results. The entire system comprises a 
transformer having a core 2 and a magnetic leak 
age path 3 located between the primary coil f4 
and secondary coil 5. The secondary coil 5...has 
a voltage limiting tap 6 positioned thereon at a 
prescribed distance from the inner end fland 
the outer end or top 8. A capacitor 9, as here 
inbefore described, is connected in series between 
one terminal of the secondary coil and the lamp 
28. Between the taps 6 and 8 is connected a 
commutating coil 2 provided With a core 22, . A 
brush 23 is contacted with the coil 22 to act as an 
equivalent to a commutating device and Con 
nected in series to the lamp 20. Adjustment of 
the position of the brush 23 causes variations in 
the voltage supplied from the transformer to 
result in a change in lamp currents. The voltage 
change across the commutating coil 22 is so 
chosen that the necessary output variation is im 
parted to the lamp 20. The characteristics of the 
modified system are similar to the characteristics 
of the System described under Figure 2. 
As an example, the transformer has a core 2 

and primary winding 4 adapted to operate from 
a supply line delivering 220 volts at 60 cycles. 
The secondary of the transformer is wound to de 
liver about 750 volts and has sufficient leakage 
reactance to limit the short circuit current to 
about three amperes. A capacitor 9 of about 
twelve microfarads is placed in series with a 2000 
watt lamp 20 which is designed to operate nor 
mally at 550 volts and about 4 amperes. The com 
mutating coil is designed for operation with 230 
volts across the extremes and the brush capacity 
is about five amperes. Wariations in lamp output 
were secured between 1800 Watts and about 2500 
watts. Variations due to line input voltages were 
limited to about one-fifth of the percentage 
change in the line voltage, i. e. a twenty percent 
change in line voltage caused about a four per 
cent change in light output. This variation in 
output due to line voltage Was independent of 
the wattage at which the lamp was operated. 
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What I claim is: 
1. An operating system for varying the output 

level of discharge devices during operation and 
maintaining a substantially constant Wattage at 
the selected levels of output, comprising in Com 
bination a transformer having a magnetic core 
structure and mounted thereon a primary input 
coil and a secondary inductive coil in Spaced rela 
tion to each other with a high reluctance mag 
netic shunt between said coils, a Source of Current 
for said transformer said secondary coil being 
wound about a core composed of a material Satu 
rable during an appreciable portion of each half 
cycle of alternating current, said secondary Wind 
ing having a plurality of electrical taps, a movable 
commutating brush member electrically contact 
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able with the turns of said secondary winding 
between two of said taps, a stabilizing wattage cir 
cuit, a capacitor and a gaseous discharge lamp 
in electrical series in Said circuit, said capacitor 
having a kV.-a,. rating of about 1% to 6 times 
the kv.-a, rating of said gaseous discharge lamp, 
said circuit being connected to said brush mem 
ber and across at least a portion of Said secondary 
coil, said circuit being operative under a series 
stabilizing reactance provided by the reactance 
of said secondary coil in combination with the re 
actance provided by said capacitor. 

2. An operating system according to claim 1, 
comprising an auxiliary coil connected acroSS a 
portion of said secondary coil to two of said taps, 
said movable commutating brush member being 
electrically contactable with the windings of said 
auxiliary coil. 

LESER, F, BIRD. 
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