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UNITED STATES PATENT OFFICE 
2,685,662 

APPARATUS FOR, IGNITING AND OPERAT 
ING GASEOUS DESCHARGE DEWECES 

Albert E. Feinberg and Paul Berger, Chicago, I, 
assignors to Advance Transformer Co., Chicago, 
Ill., a corporation of Illinois 

Application May 5, 1950, Serial No. 160,366 
(C, 315-38) 10 Claims. 

1. 
This invention relates generally to apparatus 

for providing the ignition and operation voltage 
for a, plurality of gaseous discharge devices, and 
more particularly is concerned with apparatus 
intended for igniting and operating fluorescent 
lamps connected in groups, and especially groups 
Of four. 
The type of apparatus which is contemplated 

by our invention is commonly known as a bal 
last, and one of the basic components of Such 
apparatus is a transformer. The invention here 
in includes a transformer in which the Windings 
are arranged in a novel manner to give certain 
beneficial results. 

It is obvious that many types of ballasts ex 
ist which are intended for the ignition and op 
eration of Single lamps and pairs of lamps. It 
has been customary that the circuits include 
Some nanner of SWitch, so that the filainents of 
the lamps are heated to cause enission of clouds : 
of electrons, and the application of suitable ig 
inition voltage across any given lamp simultane 
ously with the heating of the filaments eventual 
ly Will cause a breakdown of the gases in the 
lamp. Thereafter the lamp will pass current 
freely, at relatively low voltage, the current, be 
ing limited by the impedance of the connected 
Windings of the starting transformer. As an ex 
ample, a so-called “hot cathode lamp presently 
known as the T-12 and having a rating of 40 
Watts ignites at a voltage of approximately 200, 
and operates at approximately 110 volts. 
The relatively long lapse of time between ap 

plying the line voltage to the apparatus and ig 
inition of the aimps led to the development of 
the so-called “instant-start' type of lamp, in 
which the lamp is ignited almost the instant 
that the power is applied to the ballast. In such 
arrangements, obviously there is no need for pre 
heating an electron-ennitting flament. Instead 
a relatively high voltage is applied across the 
terminals of a lamp constructed to withstand the 
resulting stresses, and ignition occurs, with the 
usual deci?ease in voltage across the lamp as the 
current flows. Thus, a lamp known as the T-12, 
96 inch 75 watt “hot cathode' fluorescent amp 
Will ignite at approximately 625 volts and op 
erate at approximately 195 volts. 

In practically all cases, the power line avail. 
able for the operation of the laps consists of 
10 to 18 volts A. C. at 50 or 60 cycles per Sec 

ond. Obviously it is necessary to transform the 
voltage to a considerably higher value in order 
to ignite and operate instant-Start, lamps. Ap 
paratus for instant-start fluorescent lamps is 
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shown and described in co-pending applications 
of Albert E. Feinberg, Serial No. 97,381, filed 
June 6, 1949, now Patent No. 2,509,138 issued 
May 23, 1950, and Serial No. 135,669, filed De 
cember 29, 1949, now Patent No. 2,558,293, issued 
June 26, 1951, said first application being en 
titled “Transformer' and said second applica 
ion being entitled "Apparatus for Starting and 
Operating Gaseous Discharge Devices.' AS 
pointed out in the second of said applications, 
One manner of igniting the instanti-Start type 
of fiuorescent lamps is to apply the starting 
Woltage across the lamps seriatin whereby after 
one has started, ignition voltage is available to 
the second lamp. 
The seriatim or series starting method is de 

sirable because of the high voltages Which must 
otherwise be used. Obviously if a, Voltage of 600 
to 700 volts is required to start one lamp, tWo 
amps connected in series will require twice that 
voltage. If the laimps are operated in parallel, 
equal voltages of the same value, namely, ca 
pable of causing ignition must simultaneously 
be developed across each lamp. The size and 
cost of the required transformers are consider 
able. It is not desirable to use high voltages for 
Series connected simultaneously starting lamps 
in apparatus which is operated from a low volt 
age line, and which is associated With Ordinary 
lighting fixtures. The problem of providing the 
necessary voltages is therefore increased many 
fold. When it is desired to operate three or four 
lamps at one time, in one fixture. 
The principal object of this invention is to 

provide novel apparatus for igniting and there 
after operating three or four gaseous discharge 
devices from a single transformer. 

Heretofore, in theevent that more than a pair 
of instant-start, lamps were intended to be USed, 
it was required that the starting apparatus for 
the pair be duplicated resulting in large, heavy, 
and expensive ballasts. By the use of Certain 
ingenious arrangements we have been able to 
provide apparatus using a single transformer for 
the efficient ignition and operation of four in 
staint-start lamps which is economical and Siim 
ple in construficion, which is efficient in opera 
tion, relatively small in size, and light in Weight. 

It has been desirable in Operating pairs of fluo 
rescent lamps from commercia 110 volt lines to 
utilize the so-called lead-lag circuits in which 
one lamp is operated with a leading power fa-C- 
tor and the other with a lagging power factor SO 
as not to upset the line power factor too greatly 
and also to eliminate to a great extent the 
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StrobOScopic effect of such lamps. The conven 
tional manner of doing this has been to insert 
a condenser in the reactive circuit of one of the 
lamps. Our invention has also been devised with 
this in nind, namely to provide leading and lag 
ging circuits to result as closely as possible in 
unity power factor in the line. 
The safety requirements set up by certain 

standards committees and organizations for ap 
paratus of the type contemplated herein are 
Somewhat rigid, but by reason of our invention 
readily can be complied with in the construgtion 
of a ballast in accordance with the teaching 
thereof. One important requirement of practi 
cally all codes is that at no point in the entire 
circuit or apparatus shall there by any voltage 
which requires excessive insulation or unusually 
heavy lead wire. Obviously this requirement is 
to eliminate hazards to life, and possible flash 
OverS. A second requirement is that the circuit 
Of the apparatus inust be arranged so that the 
removal of any lamp must completely de 
energize the ballast. The sockets for instant 
Start lamps conventionally used at present consist 
eSSentially of two-contact devices normally open 
but bridged by the single terminal of the lamp. 
The SOcketS are connected in Series With the line 
So that the removal of the lamp will open the 
line. This requirement means that each lamp 
of a group Operated by a single ballast must have 
at least one end thereof arranged to be con 
nected to the line. 
Accordingly, it is another object of our inven 

tion to provide apparatus of the character de 
Scribed for operating a plurality of gaseous dis 
charge devices in which each of the devices 
adapted to be operated thereby will be enabled to 
have one terminal contacting the line directly. 

In the event that the second requirement above 
referred to need not be complied With, certain 
modifications of our invention enable the con 
Struction of a more economical ballast, as will 
be explained hereinafter, and certain other oio 
jects of the invention are concerned with the pro 
vision of this type of apparatus. 

Considering the last mentioned type of appa 
ratus, namely, in which certain of the fiuorescent, 
lamps connected therewith may not have at least 
one terminal thereof connected directly to the 
line, it should be obvious that the same could 
be used in fulfilment of the said second require 
ment in connection with sockets which have 
line Switches associated therewith and arranged 
to operate when the lamp is inserted, but without 
establishing contact between the lamp terminal 
and the line. Such sockets are not of the present 
conventional type, but the feasibility thereof 
should be obvious to those skilled in the art whe 
hereinafter pointed out. 
Another important object of the invention is 

to provide apparatus for igniting and thereafter 
enabling the operation of four instant-start 
fluorescent lamps or similar gaseous discharge de 
vices having negative resistance characteristics, 
which apparatus utilizes two series starting cir 
cuits arranged in parallel with each series start 
ing circuit having two lamps therein. 

Still a further object of the invention is to 
provide, in apparatus of the character described 
Which includes leading and lagging series start 
ing circuits, auxiliary starting means for each 
circuit having a reactive character opposite to 
that of the circuit. 
Many other objects should occur to those skilled 

in the art to which this invention pertains, and 
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4. 
many advantages will become apparent as the 
description proceeds. In connection with the de 
scription we have, for explanatory purposes, illus 
trated preferred embodiments of our invention, 
showing the in anner of construction, a SSembly 
and use thereof, but it should be apparent that 
many variations are possible in the electrical 
circuits, value of the circuit elements, and size 
and shape of the parts of the illustrated device 
Without departing from the Spirit of the inven 
tion as Set forth in the appended claims. 
In the figures: 
Fig. is a top plan view of a transformer con 

structed in accordance with our invention in 
3 order to show the arrangement of the windings 
upOn the core. 

Fig. 2 is a schematic circuit diagram showing 
the Connections of the transformer of Fig. 1 in 
a circuit embodying our invention, Same being 
connected with four fluorescent lamps for ignit 
ing and operating the Same. 

Fig. 3 is a schematic circuit diagram identical 
to that of Fig. 2 but rearranged for clarity in ex 
planation. 

Fig. 4 is a view similar to that of Fig. 1, but 
on a reduced scale, showing a modified form 
tereof. 

Figs. 5 and 6 are vector diagrams of certain 
phenomena explained in the Specification. 

Fig. 7 is a Schematic circuit diagram of a 
modified form of the invention. 

Fig. 8 is a top plan view of a transforminer con 
structed in accordance with the principles de 
scribed in connection with Fig. 7. 

Fig. 9 is a Sectional view through a Socket Suit 
able for use in connection with the apparatus of 
Fig. 7. 

Referring now to Figs. to 3 inclusive we have 
shown a preferred embodiment of our invention 
incorporated into apparatus for Starting and Op 
erating four fiuorescent lamps. The reference 
character 2 designates generally the transformer 
upol. Which the inductive Windings are arranged 
as will hereinafter be explained. The trans 
former 23 includes a stack of laininations form 
ing an elongate rectangular shell 2, having a 
plurality of Windows (not visible in the drawings) 
formed therein. The windings are disposed in 
Said Windows, and We prefer arranging the 
WindingS upon a central elongate winding leg 
22 which matingly seats in the shell 2 as indi 
cated by the end joints 23 and 24. In production, 
the windings may be pre-assembled to the winding 
leg 22 which is then pressed home into the shell 
2. 
Considering the windings, in the embodiment 

shown in FigS. to 3 inclusive there are five wind 
ings, all contain oily nounted upon the leg 22. 
Starting with the left end of Fig. 1 these Windings 
alie as follows: First there is provided the Wind 
ing 25 which is separated from the next, winding 
by the ?nagnetic shuiat 38 and which shall be 
terned the auxiliary starting secondary winding; 
this is followed by the first primary winding 2, 
and the leading secondary winding 28; thereafter 
We dispose the lagging seondary winding 29 sepa 
rated from the leading secondary winding by 
arisother magnetic shunt, 33; and finally the second 
priniairy winding 3 is mounted on the extreme 
right, hand end of the winding leg 22 separated 
fi'on the lagging secondary winding by a third 
magnetic shunt 32 somewhat larger than either 
of the other two. 
The Cagnetic shunts 26, 3, and 32 are provided 

With non-inagnetic gaps 33, 34 and 35 which pro 
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vide the high magnetic reluctance to cause the 
desired de-coupling between the adjoining wind 
ings whereby high leakage flux results and high 
reactances are achieved in the desired windings. 
In Fig. 2 We have shown the circuit diagram of 

the apparatus with the windings of the trans 
former 20 oriented in the exact sequence de 
scribed in connection with Fig. 1, and the core 
21-22 is conventionally designated by the parallel 
lines extending throughout the length of all of 
the Windings. Likewise, the conventional desig 
nation for the magnetic shunts 26, 30 and 32 is 
used between the appropriate windings. While 
all connections properly have been made in Fig. 
2, the parts have been re-oriented in Fig. 3 in 
Order better to explain the operation thereof. 
Four fluorescent lamps, designated 4, 42, 43 

and 44 are connected in electrical association 
With the windings of the transformer 3 in a 
manner to be explained. As best shown in Fig. 2, 
the left hand terminals of the lamps 4 and 42 
connect directly to one side 45 of a power line, 
Say 60 cycle A. C. 110-118 volts, while the left 
hand terminals of the lamps 43 and 44 connect 
directly to the Second side 46 of the same line. 
Since One terminal of each aimp connectS directly 
With the line, it is a simple manner to arrange 
the connections so that the removal of any lamp 
will open the line on either side. The Socket con 
nections are shown schematically at 40, 47, 48 
and 49 in Fig. 2 and the operation thereof is be 
lieved obvious. The exact construction of the 
Sockets forms no part of this invention, although 
it should be appreciated that by reason of the 
invention, such sockets are capable of being used 
with all four lamps to open the line in the event 
of removal of any one lamp. For this explaina 
tion and example, the lamps will be considered as 
T-12 instant-start fiuorescent lamps, having a 
rating of 75 watts each, 96 inches in length, with 
an ignition voltage of 625, an operating voltage 
of 195 at which a current of 425 millian peres is 
drawn. 

Referring now to Fig. 3, the two line terminals 
45 and 46 connect to junctures 5 and 52 respec 
tively. The first primary winding 27, the left end 
of the lamp 4 f, and the left end of the lamp 42 
are all connected to the juncture 5. The Second 
primary winding 3 is connected in series with 
the first primary winding 27 by the lead 53. The 
right hand end of the second primary winding 3 
(as viewed in Fig. 3) is connected with the junc 
ture 52 so that the entire primary is across the 
line terminals 45 and 36 and obtains therefron 
the total line voltage. It is desired to point out 
at this time, however, that the primary is split, 
part being disposed on one end of the transformer 
20 and part on the opposite end for purposes to 
be explained hereinafter. This is best under 
stood by the arrangement of Fig. 2. Although 
We have termed the winding 27 the first primary 
winding and the winding 3 the Second primary 
winding, the designation is purely arbitrary since 
the relative size is not intended to be limited 
thereby. The primary may be split Substantially 
in half, or may be divided in portions having other 
than an equal division of the turns, depending 
upon other design factors capable of Wide varia 
tion. 
The auxiliary starting secondary winding 25 

has its left hand end (as viewed in Fig. 3) con 
nected to junction 52, while its right hand end is 
connected to the left hand end of the leading 
secondary winding 28 and the condenser 55, the 
juncture being designated 56. Said condenser 55 
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6 
is connected to the right hand end of the lamp 
4. The right hand end of the leading secondary 
winding 28 (as viewed in Fig. 3) connects to lamp 
44. The lagging secondary winding 29 is con 
nected on its left hand end (as viewed in Fig. 3) 
to the lamp 42, and on its right hand end to the 
lamp 3 whose left hand end together with that 
of lamp 44 is connected to juncture 52. Lamp 43 
is shunted by a resistance-capacitance branch 
consisting of a register 5 and a capacitor 58. 
The normal direction of instantaneous voltage 

in each of the windings is indicated by a Solid 
ine arrow shown parallel to the respective wind 
ing and designated by the same characters used 
to designate the Windings, except that the char 
acters are primed. In connection. With the ex 
planation of the operation of the device, note that 
the arrows 25, 3' and 25' are all directed to the 
right indicating that the voltages thereof are ar 
ranged to reinforce one another, while the arrows 
28' and 29' are directed to the left indicating that 
the Voltage from these Windings reinforce One 
another, but in opposition to the voltage repre 
sented by the other three windings. Under cer 
tain conditions, the voltage in the auxiliary start 
ing secondary windings acquires a, quadrature 
cornponent of such phase that the net resultant 
causes a reversal of voltage, giving rise to the 
effect indicated by the broken line arrow 25' 
pointing in direction opposite to arrow 25. 
The circuit, described consists essentially of 

two pairs of series connected and operated lamps 
arranged in parallel. The series lamps are 4 
and A4 connected in parallel with the series lamps 
42 and 3. Closing the circuit to the terminals 
45 and 46 will result in ignition of all the lamps 
almost immediately thereafter, followed by proper 
regulation of the lighted lamps. The manner of 
operation of the apparatus in accomplishing this 
is believed to be as explained hereinafter. 
With application of 110 volts across the ter 

minals 45 and 46, there is a voltage applied to 
the primary windings 27 and 3 reinforced by 
the voltage in the auxiliary starting secondary 

5 Winding 25 which is connected thereto in auto 
transformer relationship, so that the total volt 
age which will be induced between terminals 5 
and 56 will appear across the lamp 4. Through 
proper design of the windings, this voltage will 
be of the order of 800 volts, with practically no 
drop occurring across the capacitor 55 since no 
current flows prior to ignition. The voltage is 
more than sufficient to ignite lamp 4 and with 
ignition, current will begin to flow through the 
lamp 4 f, causing the voltage to drop to approxi 
mately 250 volts, which is slightly higher than 
operating voltage for the T-1275 watt instant 
start fluorescent lamps. The flow of current 
causes a quadrature component of voltage to 
appear in the winding 25 such that the resultant 
voltage is actually opposite in direction to that 
giving rise to the voltage 25". Hence, with flow 
of current, the resulting voltage becomes 25'. 

Referring now to Figs. 1 and 2 it will become 
apparent that the winding 25 is physically Sepa 
rated from the primary winding 27 by a mag 
netic shunt 26 whose effect is to constitute the 
winding 25 a high leakage reactance very loosely 
coupled with the primary winding 2. The loose 
ness of the coupling is even more enhanced by 
the fact that the second primary Winding 3 is 
remote from the auxiliary winding 25. This ar 
rangement aids in the voltage reversal which is 
so desirable, in a manner to be pointed out, and 
the splitting of the primary winding has an addi 



2,685,662 
7 

tional purpose, which will also be set forth. With 
the voltage of winding 25 reversed, Same is addis 
tive to the leading secondary winding 28. The 
winding 25 has a great many turns compared 
with the turns of the windings 2 and 3 con 
stituting the primary and hence a large Voltage 
is induced therein, so that the component in 
phase with that of leading Secondary winding 
23 is sufficient to cause ignition of the lamp 44. 
The circuit now becomes a series circuit, since 

the leakage reactance of the winding 25 is very 
high compared with the reactance of the branch 
including the leading secondary winding 29 and 
condenser 55. The effect is that the current flows 
from juncture 5 through lamp 4, condenser 55, 
juncture 56, Winding 28, and lamp 44 to the junc 
ture 52. The condenser 55 is chosen. So that 
the resulting power factor is isading to balance 
the lagging power factor of the second branch 
whose operation will now be explained. Prior to 
going into Such explanation, it is desired to point 
out that the operation of the leading branch 
of the circuit is Substantially identical to that 
described in connection with the above referred 
to application of Feinberg Serial No. 135,669. 

Considering now the inductive, or lagging 
branch of the apparatus, note that the lagging 
Secondary winding 29 is separated from the sec 
ond primary winding 3 by a considerable mag 
netic shunt to aid in the decoupling effect there 
between and likewise is separated from the lead 
ing secondary winding 28 for the same reason. 
This is to prevent interference between the re 
spective fluxes. However, if the circuit which 
includes the primary windings 22 and 3 and the 
lagging secondary winding 29 is traced, it will 
be noted that the induced Voltages are all in the 
same direction. Because of this, upon the cloS 
ing of the circuit to the line terminals i5 and 
66, the voltages appearing in the primary wind 
ings 2 and 3 and in the lagging Secondary 
winding 23 are additive. The total voltage which 
is of the order of 800 volts appears across lamp 
$2 and is Sufficient to ignite the same. 

Before ignition of lamp 42, there is no current 
flowing in the circuit which includes the lamp 
83. Consequently the condenser 58 has very low 
impedance, and practically no voltage drop ap 
pears across lamp 43. After ignition, the volt 
age across the lamp. 42 drops to substantially 
Operating value and current flows in the leads 
6 and 6t, but by-passing the lamp 43 through 
the branch containing the resistor 57 and the 
capacitor 58. AS for the entire circuit from 
juncture 52 to the juncture 5, through the lag 
ging secondary winding 29, the impedance is 
lowered because of the counter-balancing effect 
of the high leakage reactance of the lagging 
Secondary winding 29 with the leading reactance 
of the condenser 58. There is thus a relatively 
high flow of current therein, and the voltage 
resulting across the capacitor 58 is well over 600 
volts and quite sufficient to ignite the lamp A3. 
The presence of the resistor adds slightly to this 
voltage, but is not considered essential. Actually 
the resistor 57 has a low ohmage, and its purpose 
is to dampen oscillating currents in the shunting 
branch of the lamp 43 in the well-known man 
ei. 

Once current has commenced flowing through 
the lamp 43, its voltage drops approximately to 
the Operating value and due to the high im 
pedance of the condenser 58 with the relatively 
low voltage drop across it, the circuit including 
the two lamps 42 and 43 becomes a series cir 
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cuit in which current and hence operating volt 
ages of the lamps are limited by the inductive 
reactance of the lagging secondary Winding 29. 
The net power factor of this series circuit is 
thus lagging, and when considered in connection 
with the leading power factor of the circuit 
including the lamps A and A4, the net effect 
upon the line is that the apparatus draws cur 
rent at a power factor approaching unity. 
It should be appreciated that the tWO circuits, 

i. e., the leading and the lagging are energized 
simultaneously, so that first the lamps A and 
A2 are ignited, and thereafter the lamps 43 and 
44 are ignited. 
The physical position of the auxiliary starting 

secondary winding 25 may be varied from that 
shown. It may for example, be positioned at 
the opposite end of the transformer 2, that is, 
it may be arranged as shown in Fig. 4. Where the 
first primary Winding 2 is at the extreme left 
end of the transformer 2 and the windings 28, 
29, and 3 follow in that ordei separated as 
shown by the magnetic shunts 3 and 32. The 
Secondary Winding 25 is now at the extreme right 
end and the imagnetic shunt 26' separates it from 
the second primary winding 3, Serving the 
Same purpose as the magnetic shunt 26 of Fig. 1. 
In all other respects the apparatus is the Same 
as described above, and operates in the identical 
alle. 

Analyzing the overall operation of our ap 
paratus it will become apparent that the lead 
circuit is ignited by the aid of an inductive 
reactance, namely the auxiliary starting Sec 
ondary winding 25, while the lag circuit is ig 
Inited by the aid of a capacitive reactange, namely 
the capacitor 58. We have found that the use 
of lagging impedance to start a leading circuit 
and a leading impedance to start a lagging cir 
cuit enables the eventual desired result for quick 
Starting and long life of the fluorescent, lamps 
to be achieved in a highly economicai in anner. 
Such long life is made possible only when all 
of the lanps carry Substantially the same rated 
Current during Operation. The reason such an 
arrangement, Will provide the desired results is 
that after ignition of the first lamp of any two 
lamp Series circuit it becomes necessary to de 
velop a high voltage across the first lamp with 
Out causing too great a circulating current 
through the auxiliary starting impedance. Our 
arrangement provides the necessary igniting volt 
age for the second lamp within the requirements 
Set forth. Thus, an additional capacitor in the 
lead Sf between the lamp S3 and the coil 29 
of a size Sufficient to make the circuit leading 
Would prevent the development of Sufficient volt 
age acroSS the lamp 43 to ignite the lamp while 
enabling Sufficient current to pass to originally 
ignite lamp 42. In such case the voltage sup 
plied by the primary windings and the lagging 
coil Would have to be much higher to assure 
ignition of lamp 63. As a result coil 29 would 
have to be larger and the currents between lamps 
42 and 43 would tend to be unbalanced. 
The same analysis can be made to show tinat 

it is inadvisable to use an inductive impedance 
as the auxiliary starting element for a series 
lagging circuit. 
As Well-known in the art, it is highly advan 

tageous to achieve as closely as possible, per 
fectly sinusoidal wave shape in this type of 
apparatus. The maximum of lighting efficiency 
and minimum losses are among the most im 
portant of these advantages. In our apparatus, 



2,685,662 

novel means for accomplishing this have been 
devised. The principal circuit in which this 
must be done is the leading circuit. The con 
mon method of doing this has been to utilize 
a separate choke in the leading circuit. AS inoted, 
this is eliminated by our invention. The method 
shown and described in Berger Patent No. 
2,461,957 is not feasible in our apparatus because 
of the high magnetizing current developed in 
our primary. 
The problem of non-sinusoidal wave form is 

important in the case of apparatus providing lead 
ing lamp currents because of the ease with which 
Saturation of iron cores is "eached under those 
circumstances. Thus, it must be expected that 
Saturation will occur in trainsforniers used in the 
type of apparatus described unless SOI:lething is 
done to prevent; it. in Grder best to consiei the 
manner in which We have preverited the occur 
rence of Saturation of the transformer core, at 
tention is invited to the vector diagi'aim of Fig. 5. 
ihis shows the cominon condition giving irise to 
Saturation. In Fig. 6 another vector diagram 
shows the nanner in Which Oui construction 
alleviates this disadvantageous phenomenOn. 

Considering first Fig. 5, there is SiOWin a vec 
tor diagram of the Voltages (aid herice the fixeS) 
occurring in an iron core transformer which is 
serving a leading fluorescent lamp circuit having 
a capacitor therein. The transformer was de 
signed for a secondary open circuit voltage of A) 
with its corresponding fux density. Prestinae a 
transformer having a primary and a Secondary 
with a lamp connected in Series With the secoind 
ary aind having a coindense in the circuit to finake 
the circuit draw leading current. Let AB Oi Fig. 
5 represent the Voltage across the fluorescent 
lamp during steady State Operation (disregarding 
the iiaductance of the lamp). Let Bi' represent 
the voltage drop across the coindenser and FC 
the drop across the secondary, tending to bai 
ance out the capacitive drop, making a net Volt 
age of BC as the effective net capacitive drop. 
Now, if AC is the total Open circuit Woitage (COin 
sidering the tiransformer as an auto-transform 
er), it must consist of the primary voltage DC 
and the secondary Woltage A.D. Now the voltages 
A3 and DC Inust vectorially add to give AC, and 
since DC is fixed as the open priinary Woltage, 
We Inay consider that all of the reactive imped 
ance occurs in the secondary, and therefore, We 
inay transfer the vector iC to the point D to de 
termine the actuai Secondaiy Voltage. The trans 
ferred reactive voltage is represented by the Wec 
tor ED. The resultant voltage is then AE, the 
voltage of the secondary which obviously is Sub 
stantially larger than the Secondary open circuit 
voltage for which the transfor her was designed, 
namely AD. The voltage AE therefore represents 
a fux density greatly in excess of Optinlun cauS 
ing the iron core to be saturated With resulting 
distortion of the current feeding the lamp. 
The above explanation is to demonstrate Why 

it is most likely that Saturation Will occur in the 
leading circuits of apparatus described. We have 
provided means for preventing such saturation. 
In our apparatus it will be noted that we have 
positioned a portion of the primary physically 
remote from the remainder of the primary wind 
ing. Thus, referring to Figs. i. and 2, note that 
the primary consists of the first primary winding 
27 and the Second primary winding 3 which is 
Separated therefrom by the windings 28 and 29, 
and the magnetic shunts 30 and 32. Actually, in 
the apparatus described, the shunts were 3%' and 
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10 
%' respectively. A considerable leakage of flux 
Will occur across the lagging seconday Winding 
22 and through the shunts. The leading second 
ary winding 23 is thus effectively separated from 
the second primary winding 3; as is the first 
primary winding 2. 
When the leading circuit is in operation, with 

the lanps 4 and 44 ignited, the resultant Voitage 
appearing aci'OSS the leading secondary Winding 
23 and giving rise to the fiux Or Voltage repre 
Sented by the arrow 28' would normally tend to 
S2turate the core of the transformer 20. This 
Voltage is the equivalent of the voltage AE repie 
Seinted in Fig. 5. Howevel, the magnetic iux 
Which tends to produce the Woltage in the winding 
23 is to a considerable extent by-passed by the 
leakage across the lagging Secondary winding 29 
and through the imagnetic shunts 3} and 32 whose 
reluctance to the passage of flux is considerably 
leSS thain that of the Saturated core adjacent the 
leading Secondary Wincing 28. The Open circuit 
Voitage of the Winding 28 (corresponding to the 
Vector AD in Fig. 5) Will thus drop, causing a 
Col'I'eSpondiing drop in the reSuitaint Voltage and 
a partial elimination of the Saturation Condition. 

'i he remaining correction of the flux shape is 
proVided by the proper arrangement. Of the lag 
ging Secoildary Winding 25 Which, it will be noted 
lin. iig. 3, produces a flux represented by the arrow 
29' in gucking relationship relative to Line pri 
Inary WindingS 2 and 3:... ln Order best to ex 
plain till S corrective action, attention. IS in Vlted 
to tile veguor Culagian Of Fig. 6. 
Consider a Simpie auto-transforiner circuit 

haWing a lairp in Series With the Secondaly. The 
Voltage drop tin l'Ougin the lamp is Arts and the 
'eactive voltage drop is now B'C' Which lS due 
LO Lie leakage reactance Oi the Secondary. 'ifle 
Uotai Open Cli'cuit Woitage is AC. ii.1ade up of vine 
pi'nai's Open Circuit Voitage D'C' and the Sec 
Oiluai'y open circult voltage A'is'. As in the case 
Oi Elg. 5, the voltage of the primary ly'C' being 
Iixed, the total reacCaince drop must occur acroSS 
tile Secondary aid can be Shown oy transferring 
the voltage B'C' to tie point 13 to give rise to 
the Shli?ted Vector Ei)'. 'ifle ireSultant voltage 
aClOSS tile Secondary is now the Su?il of the Voit 
ages A'i' and Eij" which vectorially gives the 
Voltage A'B'. AS Willi je noted, this Inay be con 
Sideraijly less than the Voltage AiD' and OI. Sub 
Stantial pinase clifference. ineliuX caused by Line 
Voltage A.R.' Wii be proportional nereto anti Of 
tile Saille Qina Se. 
NOW note that the lagging Secondary Winding 

28 Will produce the type of iux mentioned in 
Connectilon Wlth the vector diagrain. Of Fig. 6, 
and proportionai to the Voltage described as 
A'B'. 'ihis Winding is positioned between the 
ieading Secoil Ciary Wiilding 28 and the Second 
pilmary Winuing 3, being physically separated 
Lion then by the Silults its arid 2 respectively. 
Since the flux througin the Winding 29 is less 
villain florilal aid Shlitted in phase, the iux be 
UWeeii the Secoild pirimary Si and the leading 
Secondary Winding 28 tends to be reuuced, and 
the resultant Voitage across the leading second 
ary Winding Will be reuuced in addition to the 
factor caused by Spitting the primary. The re 
Sulting Wave shape or current approaches sinu 
Soidal quite Satisiactorily, 
The Same effect, namely the counteraction of 

the Saturation fiux caused in the leading second 
ary Winding 28 can be achieved in the trans 
former 20, by Winding a portion of the leading 
Secondary Winding 28 directly upon the lagging 
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secondary winding in reverse relationship in 
order to provide the benefits of the bucking flux 
and reducing the total flux density and hence 
the resultant voltage in the leading secondary. 
Such an arrangement is shown and described in 
Feinberg co-pending application Serial No. 
97,381 hereinabove referred to. This expedient 
may be used to advantage under circumstances 
where the position of the lagging Secondary 
winding 29 is insufficient to provide counter-flux, 
or other design considerations prevent the use 
of the construction illustrated in Fig. 1. 
The split primary feature of our invention is 

described and claimed in co-pending application 
Serial No. 154,094, filed April 5, 1950, entitled 
“Apparatus for Operating Gaseous Discharge 
Devices.’ 
With respect to maintenance of fluorescent 

lighting fixtures, one feature of the apparatus de 
scribed above is advantageous. In the event that 
lamp 4 should become deactivated, both lamps 
4 and 35 will become extinguished. In the event 
lamp 34 becomes de-activated, then lamp it will 
glow because there will be a Sinall amount of 
current, passed by the winding 25. Thus, it is a 
simple matter to determine which lamp needs re 
placing. If both lamps 4 and 4 are ex 
tinguished, the faulty lamp is probably A, or 
possibly both lamps, while if lamp 44 is ex 
tinguished and lamp is glows, the fault lies in 
lamp 36. 

Similarly, with respect to the lagging circuit, 
in the event lamp 42 is faulty both lamps will 
extinguish, while if lamp 43 is de-activated lamp 
i2 Will still glow. Thus one knoWS which lamp 
of this circuit must be replaced. 

In the event that the fluorescent lanips heed 
not be connected directly to the power line rinodi 
fications in our apparatus will decrease the COst 
thereof. In the event it is still desired that the 
removal of the lamp open the power circuit, 
special sockets may be used which operate as will 
be described hereinafter. Such apparatus is less 
expensive because of the advantage that certain 
parts of the windings may be combined. 

Thus, in Fig. 7 we have shown apparatus for 
igniting and subsequently operating four fluores 
cent, lamps. The arrangement of the Windings is 
ShOWn in Fig. 8. The transformer 9 is con 
structed substantially the same as the trans 
former 23, although it may be considerably 
Smaller. The windows carry the windings 86, 
82, 82, 83, 84 and 85 as will be described. Three 
magnetic shunts 86, 87, and 88 with their associ 
ated non-magnetic gaps 89, 9, and 9 separate 
the Windings in a manner to be described. The 
priinary Winding 8 is connected across the line 
terminals 92 and 93 and is in autotransformer 
relationship with the secondary winding 8 with 
Which it is closely coupled. The primary and 
Secondary Windings 85 and 8 are wound one on 
top of another in the same window. The wind 
ing 82 is the auxiliary starting winding having a 
function similar to the winding 25 hereinabove 
referred to, but now with its voltage in reverse 
relationship to windings 80, 8 and 83 and said 
winding 82 is in series with the winding 8, but 
is positioned in the first Window of the trans 
former 9 as will be noted in Fig. 8. The leading 
Secondary winding 83 is in series with the wind 
ing 82, and is physically positioned in the third 
Window, separated from the primary and second 
ary Windings 80 and 8 by the narrow shunt 8. 
The lagging Secondary winding 84 is positioned 
at the extreme right end of the transformer 88 
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and has the bucking leading secondary winding 
35 wound thereon and closely coupled therewith. 
The leading series circuit consists of the lamp 

94 connected in series with the leading Secondary 
windings 83 and 85, and the lamp 95 connected in 
series with a condenser 96 across the auxiliary 
starting secondary winding 82. The lagging 
series circuit consists of the lamp 3 connected 
in series with the lagging secondary Winding 84, 
and the lamp 98 shunted by the condenser 99 and 
resistor in series with the winding 85. The 
left hand ends of the lamps 94 and 9 as viewed 
in Fig. 7 are connected to the terminal 92 of the 
line, while the left hand ends of both lamps 95 
and 98 are connected to the juncture . 
The leading and lagging Secondary WindingS 

83 and 8 can be made very much Smaller than 
in the case of the apparatus described in Figs. 1, 
2, and 3. For the same open circuit voltage, one 
turn can be renoved from each of these windings 
and placed upon the secondary winding 8, in a 
manner described in detail in co-painding appli 
cation of Feinberg Serial No. 97,38. Likewise, 
each turn removed from the leading Secondary 
Winding 83 enables a turn to be renoved from 
the bucking leading secondary winding 85. The 
function of the Winding 35 is to correct Wave 
shape in the manner explained in Said Feinberg 
application Serial No. 97,381. Note that the two 
lamps 95 and 93 do not terminate at places where 
their removal can Open the line. 

Referring now to Fig. 9, there is iliustrated a 
Socket which can be used in connection with the 
eimbodiments illustrated in FigS. 7 and 8. The 
lamp 23 has a single male contact terminal 2 
adapted to be associated with Socket 23. Socket 
E22 has a central movable nember 23 loosely 
mounted in a transverse Wall 25 and adapted to 
slide right and left. The right eind has a head 
f25 and slides in a cavity 26 adapted to receive 
the terminal 2. The cavity 26 has opposed 
contacts 27 and 28 connected with leads 23 
and 39 respectively. Obviously inserting the 
terminal 2 into cavity 26 will connect, leads 
29 and 33 while the lamp 2 will be likewise 

Connected to the juncture. Such a juncture could 
be that represented at 3 in Fig. 7, for example, 
The member 23 is biased to the right by spring 
32 which is disposed about the body of member 

A 23. The left end of the member 23 is pro 
vided with a conical metal contact tip 33 
Which is slidable in cavity 34. Juxtaposed con 
tacts 35 and 36 are connected with the re 
spective leads 3; and 38. When the member 
23 is moved to the left it will cause electrical 

contact to be made between leads 3 and 38 
thereby closing the circuit of such leads. This 
point could be at 39 in Fig. 7, for example. 

It will be seen that by the use, with the fluo 
rescent lamp fixtures, of sockets 22 such as 
Shown in Fig. 9, a cheaper construction of ballast 
is possible. Note that the circuits represented 
by leads 37-38 and 28-33 are in no way 
electrically connected since the body of member 
23 is formed of any suitable insulating material. 
It Will be apparent that a general feature that 

the embodiments of our invention have in com 
mon is their use of two apparently separate series 
circuits, each having two lamps therein arranged 
for Series starting and series operation, but all 
Operating off a single transformer. The two cir 
cuits of each embodiment are opposite in their 
Overall reactive character, that is to say, one is 
inductive and the other capacitive so that not 
Only is the stroboscopic effect of the lamps mate 
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rially reduced, but as well, the line power factor 
may approach unity. Since the lamps of each 
circuit light one after the other, one lamp of each 
circuit may be eliminated if desired. The neces 
Sary circuit constant adjustments for proper 
Operation can readily be made. The resulting 
circuit will thus operate two lamps or three. 
Thus, in the circuit shown in Figs. 1 to 3 inclu 
Sive, the lamp 4 may be eliminated, so that the 
apparatus will ignite and operate three lamps. 
The condenser 55 in this case would be connected 
with the juncture 5. Illustration of this modi 
fication is not made since it is simple and readily 
understood. 
In the same apparatus, as an alternative, or 

in addition, the lamp 43 and its shunt could be 
eliminated leaving the remainder of the circuit, 
in case it is desired to have only one lamp on 
the lagging Side. This would provide either a 
three-lamp ballast or a two-lamp ballast. As a 
two-lamp ballast, the construction would be ex 
pensive, but same is described herein to illustrate 
that the two circuits are effectively independent 
of one another. The modifications to the lag 
ging circuit are believed obvious enough not to 
require illustration. 
We have constructed and Successfully operated 

apparatus embodying our invention for igniting 
and Operating groupS OffiuOrescent lamps of the 
instant-start type from 118 volt A. C. power lines. 
Such lamps were of the type known as T-1275 
watt, 96 inch instant-Start lamps, having an igni 
tion voltage of 625, Operating voltage of 195 volts 
and an operating Current Of 430 millian peres. 
The constructional details (referring to Figs. 1 
to 3) of the apparatus were as follows: 
Overall length of the core.----- 10% inches. 
Width of core 2------------ 3 inches. 
Width of Winding leg 22----- inch. 
Height of stack.------------- 1/4 inches. 
Width of windows and Windings: 

Secondary winding 25-...-- % inch. 
Primary winding 27------ 1% inches. 
Secondary winding 28---- 2 inches. 
Secondary winding 29---- 2 inches. 
Primary winding 3------ 1% inches. 

Widths of Shunts: 
26---------------------- A inch. 
30---------------------- % inch. 
32---------------------- A inch. 

Widths of gaps: 
33---------------------- 010’’. 
34---------------------- .040'. 
35---------------------- 040'. 

CondenSerS: 
55---------------------- 1.25 microfarads 

rated at 900 
Wolts A. C. 

58---------------------- .2 microfarad 
rated at 900 

aw volts A. C. 
Resistor 57------------------ 500 to 1500 ohms. 
Winding turns: 

25--------------------- 3200 turns of No. 
34 Wire. 

27---------------------- 200 turns of No. 
18 Wire. 

28---------------------. 2115 turns of No. 
26 Wire 

29---------------------. 2070 turns of No 
26 Wire. 

---------------------. 200 turns of No. 
18 Wire, 
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14 
The electrical characteristics of the apparatus 

Were as follows: 
Wolts 

Open circuit voltage across the lamp 4--- 800 
Open circuit voltage across the lamp 42-...- 700 
Open circuit voltage across the lamp 43---- 770 
Open circuit Voltage across the lamp 44-...- 800 
The voltages acroSS lamps 43 and 44 were meas 
ured with lamps 4 and 42 in place and vice versa. 
During operation the voltage across all lamps 

was approximately 200 volts, and the current 
flowing in each circuit was approximately 430 
milliamperes. The line voltage Was 118 volts and 
the current drawn from the line was 3.5 amperes. 
The modifications shown in Fig. 4 was also 

constructed using the same general physical di 
mensions and characteristics. The variations 
from the embodiments of Figs. 1 to 3 were minor. 
The invention has been described in connec 

tion with certain theories advanced which may 
Or may not supply the exact reasons for the oper 
ation thereof. It is intended not to be limited 
by Such theories, or by an absence of language 
describing other theories, but it is intended that 
the structures producing the desired results and 
engendering the described advantages, be covered 
in their broadest scopes. Examples of all possi 
ble variations of the structure have not been 
Specifically detailed as to dimensions and char 
acteristics since it is believed that from the speci 
fication herein, and other specifications herein 
referred to, One skilled in the ballast art could 
easily and readily construct Same. 
We cairn: 
1. A System conprising a transformer of elon 

gate iron core formation and unitary construc 
tion providing a single magnetic circuit for ignit 
ing and Operating gaseous discharge devices from 
an A. C. power line of voltage less than the ignit 
ing voltage of any device, including winding 
naeans providing a Source of voltage mounted on 
Said transformer core for Serving Secondary 
Windings of said transformer, an A. C. power line 
leads connecting Said source winding means to 
the said line, said Source winding means having 
end terminals; two sub-circuits, one sub-circuit 
being a leading current circuit and having a first 
Secondary Winding With one side connected to 
One of said terminals, a second secondary wind 
ing connected to the second side of the first sec 
Ondary Winding, a first gaseous discharge device 
electrically connected from the second side of the 
Second Secondally Winding to One of the terminals 
of the Source Winding means, a condenser, a Sec 
ond gaseous discharge device connected in Series 
with the condenser and together therewith elec 
trically connected from the Second side of the 
first Secondary Winding to the terminal of the 
Source Winding means opposite that to which the 
first gaseous discharge device is connected, the 
first Secondary Winding bailing disposed on one 
end of said core and having magnetic shunt means 
between itself and the remainder of the trans 
former whereby same is loosely coupled to the 
Source Winding means to develop a high leakage 
reactance in Said first secondary winding, and 
the second secondary Winding being relatively 
closely coupled to the source winding means, the 
first and Second Secondary windings being con 
nected in Open circuit voltage opposition one rela 
tive the other, and a second sub-circuit being a 
lagging current circuit and having a third Sec 
Ondary winding connected in auto-transformer 
relation with the Source winding means and 
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having a third gaseous discharge device in series 
therewith and connected across said source Wind 
ing means, the third secondary Winding being 
disposed on the core and there being magnetic 
shunt means physically spacing said third Sec 
ondary winding from the other windings and the 
Source Winding means. 

2. A system as described in claim 1 in which 
the Second gaseous discharge device of Said first 
sub-circuit is connected together with said series 
condenser only across said first secondary Wind 
ing, and in which the first gaseous discharge de 
vice is connected across the combined windings 
of the first and second Secondaries and the Source 
winding means. 

3. A system as described in claim 1 in which 
the Second gaseous discharge device of the first 
Sub-circuit is connected together with said Series 
condenser across the combined first secondary 
winding and Source Winding means, while the 
first gaseous discharge device is connected acroSS 
the first and second secondaries combined. 

4. A Systern as described in claim 1 in which 
the Source Winding means comprises two series 
arranged windings With the said leads connected 
acroSS One of the Windings to constitute same a 
primary. Winding and the other a source second 
alry winding in auto-transformer relation, the 
Source Secondary Winding being closely coupled 
to the primary Winding. 

5. A Systern as described in claim 1 in which 
there is a fourth secondary winding connected in 
Series with and voltage additive relation to said 
Second secondary winding but physically posi 
tioned on said core closely coupled with the said 
third secondary winding and in voltage opposi 
tion thereto, the said fourth secondary winding 
being electrically connected in said circuit, as 
though it were a part of said second secondary 
Winding. 

6. A System as described in claim 4 in which 
there is a fourth Secondary winding connected 
in Series With and voltage additive relation to 
Said Second Secondary winding but physically 
positioned on Said core closely coupled with the 
Said third Secondary winding and in voltage op 
position thereto, the said fourth secondary wind 
ing being electrically connected in said circuit as 
though it Were a part of said second secondary 
winding. 

7. A Systeria as described in claim 1 in which 
Said Source winding means has said leads con 
nected to Said terminals, said second gaseous 
discharge device having one end thereof electri 
cally connected to said opposite terminal, and 
Said third gaseous discharge device has one end 
thereof electrically connected to a terminal, and 
in Which Said leads are provided with pairs of 
Spaced apart contacts, there being as many pairs 
aS discharge devices, and each device has a bridg 
ing conductor at the end thereof which is electri 
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6 
cally connected to a terminal as aforesaid, said 
conductors engaging and bridging the contacts 
Of the respective pairs to complete the connec 
tion between the power line and source winding 
ineans through said leads, only when all of said 
devices are connected in their respective sub 
circuits. 

8. A System as described in claim 1 in which 
the Second Sub-circuit includes a fourth gaseous 
discharge device also in series with said third 
Secondary winding and having means shunting 
Said fourth gaseous discharge device during 
Starting of the third gaseous discharge device. 

9. A System as described in claim 7 in which 
the Second sub-circuit includes a fourth gaseous 
discharge device also in Series with said third 
Secondary Winding and having a shunting in 
pedance thereaCrOSS, and with an end of said 
fourth gaseous discharge device also electrically 
connected with a terminal, provided with a 
bridging Conductor and engaged and bridged be 
tween a pair of Spaced apart contacts of said 
leads. 

10. A System as described in claim 1 and in 
cluding a Socket for one of said gaseous discharge 
devices, said device having a projecting conduc 
tor end and Said Socket having two pairs of 
Spaced apart contacts, the first pair being in one 
of Said leads, and the Second pair being in a part 
of One of Said Sub-circuits not connected to a 
lead, the pairs being insulated from one another, 
a movable insulating member having a bridging 
contact for the first pair but said member being 
biased to non-bridging position, the movable 
innenber having an end disposed between the 
contacts of the second pair, said end adapted to 
be engaged by Said conductor while said conduc 
tor is moved into engagement with said second 
pair whereby to move Same against said bias. 
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