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1. 
This invention relates generally to apparatus 

for supplying the ignition voltage for a pair of 
gaseous discharge devices, and providing Oper 
aiting voltage with suitable regulation for the de 
vices Subsequently to the ignition thereof. 
The invention is especially intended for use 

in the type of apparatus described and claimed 
in my co-pending application Serial No. 135,669 
filed December 29, 1949, and entitled "Apparatus 
for starting and operating gaseous discharge de 
vices,’ now Patent No. 2,558,293. In that appli 
cation, I have set forth the description of ap 
paratus for use with the so-called instant start 
type of gaseous discharge device which requires 
relatively high voltage to start the Saine. Such 
apparatus transforms the voltage obtained from 
a relatively low voltage source to a relatively 
high ignition voltage, and, by virtue of the novel 
arrangerent thereof, ignites the devices seriatim, 
that is to say, one after the other. This func 
tion is achieved by means of, among other things, 
an auxiliary starting Secondary S1 which pro 
wides very high leakage reactance due to its very 
loose couping with the other Windings of the ap 
paratus. The result of this high leakage re 
actance is to force the operating circuit of the 
apparatus to become a series circuit in which 
the greater portion of the current flowing 
through the discharge devices by-passes the 
auxiliary starting secondary. 
Such apparatus is especially suitable for use & 

as ballasts for fluorescent lamps, which are nega 
tive resistance devices of the gaseous discharge 
type. The apparatus is embodied in a trans 
former having three windings mounted upon a 
common unitary iron core, said windings con 
Sisting of a primary P, the loosely coupled first 
Secondary S1, and a second secondary S2, with 
the Windings connected serially in the Order 
named, and the secondaries S1 and S2 connected 
in Woltage bucking relationship. Means, com 
prising electrical leads enable the low voltage 
line to be connected across the primary P, while 
other means inciuding a condenser enable one 
of the lanps to be connected across the com 
bined primary P and the first secondary S1. The 
Second lainp is arranged to be connected across 
the combined Secondaries. Thus, in the pre 
ferred embodiment the first, or auxiliary start 
ing Secondary is common to both lamp circuits. 
When power is applied to the primary P, the 

Combined Voltages of the primary and first 
Secondary are sufficient to ignite the first lamp, 
and thereafter the flow of current through the 
lamp, condenser and the first secondary pro 
duce a Voltage component in the first secondary, 
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due to its high leakage reactance, which is of re 
verse phase and combines with the Voltage of 
the second secondary S2 to provide sufficient ig 
niting voltage for the second lamp. Following 
ignition of both lamps, current flows through 
the lamps in series with the condenser, the pri 
mary F, and the second secondary S2, with only 
a nonlinal current flowing in the first Secondary 
S1. 
My invention consists of an improvement of 

the apparatus of said copending application, and 
the principal object is to provide an improve 
ment making the said apparatus cheaper, quieter, 
lighter in weight, and in providing a better wave 
shape for the operating current, increasing there 
by the lighting efficiency thereof when same is 
used as a ballast for fluorescent lamps. Such 
improvement comprises modifications of the ap 
paratus to enable same more efficiently to op 
erate in connection with certain type of lamps, 
such as for example the 96 inch T-12 lamp which 
ignites at 625 volts and operates at 195 volts. 
This type of discharge device requires a high 

starting voltage. The line voltage being of the 
order of 118 volts, note that a transforination of 
more than five to One is required. The Con 
struction of a transformer in accordance with 
the teachings of the said co-pending application 
indicates the use of an end non-magnetic gap 
adjacent the second secondary S2. The num 
ber of turns of wire which would be required on 
S2 to assure the provision of this high ignition 
voltage would produce an abnormal magneto 
motive force in the core thereat. To counteract 
this effect and maintain good wave shape, it is 
required to increase the size of the gap, but 
this produces a magnetizing current of exceSS 
value which may be more than enough to cor 
rect power factor for a ballast with leading 
anps. This over-correction may result in 
overheating due to a high primary current. In 
addition, the added reluctance in the magnetic 
circuit increases the leakage of fux to the can 
ister in which the ballast is contained, and flow 
of flux in such canister gives rise to noise, vibra 
tion, and excessive heating. 
The construction above described would nor 

mally have a large component of nagneto 
notive force of the leading current through S2 
(by reason of the series connected condenser) in 
phase with the magneto-motive force of the pri 
Inary magnetizing current. This might give rise 
to saturation in the iron core in the immediate 
vicinity of S2 were it not for the existence of the 
end non-magnetic gap which draws a lagging 
magnetizing current to prevent saturation. This 
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Constilictioi is taught in Berger Patent No. 
2,461,357 dated February 15, 1949, Transformer. 

explained above, the use of a large end gap 
With high Inagnetomotive forces in S2 does not 
adequately solve the problem. Another object 
of the invention therefore is to solve this prob 
len in a novel in anner, whereby the voltage re 
quirements of S2 aid hence the number of turns 
necessary is decreased. 

In a circuit, such as discussed above, I have 
found that the open circuit, voltage induced in 
the second secondary S2 must have a definite re 
lationship to the operating voltage of either iai inp 
in order to provide the necessary regulation. 
This relationship is generally described by the 
ratio of open circuit voltage of the primary P 
plus the induced open circuit voltage of S2 to 
the operating laap voltage. This ratio must be 
at least, 2.5:1 to 3:1 according to the desired de 
gree of regulation, with the higher ratios provid 
ing better regulation. In order to meet this hig 
ratio requirement, the difficulty of too great a 
magneto-inotive force again arises. in my inven 
tion herein described I have been able to achieve 
the advantages referred to herein by decreasing 
Substantially the Voltage requirements of S2 but 
at the Saine time without in any in anner disturb 
ing the regulation ratio described hereinabove. 
Accordingly, another object of the invention is 
concerned with the achieveinent of these ends in 
the mainliner described. 

Miy investion consists in materialiy lowering 
the voltage requirements of the second secondary 
by the addition of a third secondary winding, 
mounted on the Sairie magnetic core in closely 
coupled relationship with the primary P, but in 
voltage additive relationship relative to the sec 
ond secondary S2. 

I have hereinafter set forth a preferred en 
bodiinet, of my apparatus as required by statute, 
and have described the circuit thereof in detail, 
but merely for illustrative purposes. Further, I 
have explained the theory of operation in ac 
cordaince with my understanding thereof, but 
only by way of further clarification and not limi 
tation. I have illustrated the invention in the 
conventicinal nanner in drawings which, for the 
sake of completeness, include figures represent 
ing and repeating disclosures made in the co 
pending application referred to. 

Fig. 1 is a side elevational view of a trans 
former embodying my new invention. 

Fig. 2 is a schematic electrical diagram. Show 
ing the circuit of Iny apparatus used in contec 
tion with two fluorescent lamps. 

Fig. 3 is a diagra similar to that of Fig. 2 but 
showing the circuit of my co-pending application 
herein referred to, additional features having 
been incorporated therein and COinoined there 
With as set forth hereinafter. 

Fig. 4 is a view similar to that of Fig. 2, ex 
cept that, one of the windings, namely S1, has 
been omitted. 

Referring now to the drawings, the reference 
character i designates generally an iron Core 
transformer which has three independently 
formed windings consisting of a primary P, a 
first secondary S1 (sometimes referred to as the 
auxiliary starting winding or secondary), and a 
second secondary S2. A third secondary, namely 
S3, is closely coupied with the primary P, and 
hay be wound on top of P, as will be explained 

hereinafter. All of the windings are mounted 
upon a central winding leg 4 which is pressed 
into the elongate itectangular shell is, there being 
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4. 
a magnetic shunt and air gap f between the 
Windings Si and the combined windings P and 
S3, and another shunt, 9 and air gaps 2 be 
tWeen the winding S2 and the combined windings 
S3 and P. The Sheil 5 and the central Winding 
leg 4 are formed of electrical steel arminations 
in the usual nanner thereby providing a suitable 
iro coi'e for the trainsformer 8. 

In order to render the explanation clear, the 
Conventional symbols representing an iron core 
and the Inaghetic shunts have been omitted from 
the circuit diagran of FigS. 2 to 4. Further 
nore, the pleferred orientation, as indicated in 
Fig. 1 is not followesi in said circuit, diagrams 
in that an attempt, correctly to indicate the iron 
Cores by Synbols night be confusing. 
The windings are mounted upon the central 

leg 4 With the secondary S1 on the left end (as 
viewed in Fig. 1), the Second secondary S2 on 
the right end, and the other two windings 
and S3 positioned in the center. It is preferred 
that the central winding leg and the mounted 
windings be assembled and the winole pressed into 
the shell 5. Obviously the shell 5 is provided 
With suitable openings or Windows to receive the 
windings, the size thereof being substantially the 
same as the l'espective Windings and not readily 
apparent from the diawing. She right hand end 
of the winding leg 4 has a small central lug or 
projection 2 which spaces the major portion of 
Said end fron the shell 5 to form an end air gap 
2. The opposite end of the winding leg 4 may 
be of any suitable nating construction as shown 
at 23. 

Referring now to Fig. 3, I have illustrated the 
circuit, diagram of apparatils described in my co 
pending application referred to above. It will 
be noted that same consists of an association of 
windings mounted oin a core which is constructed 
very much like that of Fig. 1 and Whose arrange 
ment, and function are Substantially identical to 
those of Fig. 1. Thus, there is a primary P, a 
Secondary S1, and a second Secondary S2. A 
gaseous discharge device. in this case compris 
ing a fuoresceint laying 25 is connected across the 
Windings P and S1, while a second lamp 25 is con 
nected across the windings S1 and S2. There is 
a condenser 26 in series with the lamp 36, and 
the primary P is adapted to be connected to line 
terminals 2 and 23 of a relatively low voltage 
A. C. line, such as for example, 118 volts, 60 cycle 
A. C. The Windings Paid Si are in Voltage aidi 
tive relationship, and the winding S2 is in buck 
ing voltage relationship. Circuit, variations are 
possible as set forth in said co-pending applica 
tion, but principally the reverse relationship be 
tween S1 and S2 is of importance. The windings 
P. and S1 cornbined will produce a sufficiently 
high voltage such that lamp & will ignite in 
mediately upon power being applied to the ter 
minals 2 and 28. Once current flows, the high 
leakage reactance of the first secondary S1 will 
give rise to an out-of-phase voltage component 
which, when combined with the voltage induced 
in S2 is sufficient, to ignite the lamp 25 so as to 
Cause Such ignition to occur immediately there 
after. The winding S1 provides the high leakage 
reactance referred to by reason of its extremely 
loose coupling relative to the primary P. 
Once current has commenced to fow, the cir 

cuit of Fig. 3, functions as a Series circuit. The 
amount of current Which passes through the 
winding S1 decreases to a few milliamperes be 
cause of the high leakage reactance thereof, 
and the major flow of current is through the 
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lamps and the secondary S2 in series. The power 
factor of the line is controlled by the inductance 
of the Winding S2, the capacitive reactance of 
the condenser 26 and the magnitude of the in 
ductive magnetizing current and preferably is 
adjusted to be slightly capacitive. 

Referring now to Fig. 2 which is a schematic 
diagram of the apparatus of the invention, it 
will be noted that the elements and organiza 
tion thereof are identical with those of the cir 
cuit of Fig. 3 with one exception. An additional 
winding, namely, a third secondary S3, has been 
added in series with winding S2 and in voltage 
additive relationship therewith, and closely cou 
pled with the primary P. Thus, I have used the 
identical characters of reference for all other 
elements since they are identical, and function 
in the identical manner to operate the gaseous 
discharge devices. The lamps are designated 
24 and 25, the line terminals 27 and 28, the con 
denser 25, and the three principal windings P, 
Si, and S2. The winding S3 is inserted between 
the right hand terminal of the lamp 25 and the 
right hand terminal of the Winding S2. In 
actuality the winding S3 is an auxiliary part of 2 
the winding S2 and hence can be termed a por 
tion of the second secondary. The principal 
reason among others, for this concept is that the 
Voltage of S2 which was utilized in the apparatus, 
now includes the induced voltage of the Wind 
ing S3. 
The apparatus illustrated in Fig. 2 functions 

in the identical manner as that shown in Fig. 3 
and hence a detailed explanation of the prin 
ciples is not deemed necessary. The Operation 
of the additional Winding S3 shortly Will be 
elucidated. It is desired to point out that when 
both lamps have been energized and current is 
flowing the effective circuit is as shown in Fig. 
4, that is, the winding S1 is of minor importance. 
Under these circumstances, the circuit is a Se 
lies circuit with the lamps 24 and 25, the con 
denser 28, and the windings S2 and S3 all in se 
ries across the primary P, with the power factor 
controlled by the reactance of the condenser and 
windings. 
The addition of the winding S3 enables the 

advantages enumerated above in connection with 
the objects to be achieved. Since the voltage 
which governs regulation ratio depends upon the 
open circuit voltage of S2 and now there is added 
the Voltage of the Winding S3, the ratio is higher 
than it would be without the Winding S3. In 
fact, the requirements for optimurn ratio are 
easily met. With this requirement satisfied, 
S2 may have less turns than otherwise required 
in view of the primary flux, so that its gap 22 
can be Smaller and its magneto-motive force 
lowered. The possibilities of saturation are 
eliminated, and the excessive leakage flux, be 
cause of high magneto-forces and a large end gap 
is no longer a problem. 
The Winding S3 adds to the voltage of S2 a. 

voltage determined by its turn relationship with 
P. Since it is quite closely coupled with P and 
preferably wound on top of the primary P in the 
Same window, it has no leakage inductance. 
Every electrical effect occurring in P is mirrored 
immediately in S3 without time lag and the at 
tendant effects produced thereby, namely, leak 
age inductance. Obviously I have not material 
ly added to the magneto-motive force in the 
Winding leg 4 which extends through the sec 
ondary S2, but I have increased the voltage avail 
able for regulation, 
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The requirements of the winding S3, are de 

pendant as well upon the proper requirements of 
S2 dictated by satisfactory operation. To pre 
vent peaking of the current wave, which would 
be occasioned by a highly capacitive lamp cir 
cuit, the circuit must have an inductive react 
ance to offset this. The total limiting imped 
ance of the circuit is then 2--Xc-XL, Where 
Xc is the capacitive reactance of the circuit, 
and XL is the inductive reactance of the circuit. 
Xc is determined by the capacitive reactance of 
the condenser 26. The inductive reactance XL 
is deter nined by the total leakage inductance 
of the Windings in series with the lamps. The 
maximum ratio of Xc to XL, has been found to 
be 2 to 1 for a satisfactory wave shape in T-8 
type fluorescent lamps which have a diameter 
of One inch. In the case of larger lamps such as 
the T-12 type, which have a diameter of one 
and one-half inches this ratio (Yay be increased 
to aS nuch as 2.7 to 1. 
The above requirements for the amount of in 

ductive reactance must be kept in mind in ar 
riving at a proper design which will utilize my in 
Vention. I have discovered that for a -12 
fluorescent lamp, the voltage requirement for the 
Winding S2, which, as has been explained, may be 
reduced from that determined as usual, is that 
from 45% to 50% of the total open circuit volt 
tage of the transformer is should be provided 
by Said Winding S2, with the remainder namely, 
50% to 55%, provided by the primary P and third 
Secondary S3 combined. When this construction 
is provided, and other factors adjusted, as will 
be explained, the apparatus operates with excel 
lent results, without noise, and with very little 
heating. Obviously some variation between dif 
ferent types of discharge devices may be expect 
ed, but the suggested percentages are a suit 
able starting point toward good design. 
While it is possible for one skilled in the art 

to achieve the above construction through ex 
perimentation and computation, I have devised 
a method of achieving the desired design in a 
facile manner, and without a great deal of ef 
fort. First, the total open circuit voltage of the 
apparatus is determined from a consideration of 
the lamp voltages, and other factors all well 
known. Then the regulating in pedance Z is de 
termined to give satisfactory regulation. X and 
X1 are determined by solving a pair of simpie 
Simultaneous equations: 

(a) Z= X-X 
and 

X. 
(b) x=K 
As explained hereinabove Equation o, is an ex 
pression for the total limiting impedance of the 
circuit, and Equation b is an expression defining 
the factor K dependent upon lamp diameter. 

I now utilize a simple device for determining 
the number of turns in S2 which has given op 
timum results. I calculate, in any well-known 
method, the number of turns of wire Which would 
be required to produce a value of XL at the pri 
mary flux density (which is readily determin 
able), multiply that number by a factor of 1.5, 
and utilize the value as the number of turns on 
the Secondary S2. After this has been determined, 
I vary the non-magnetic gaps 20 and 22 until 
the open circuit voltage of the winding S2 is ap 
proximately equal to IXL (where I is the lamp 
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current) and the operational power factor ap 
proaches unity. 
The factor 1.5 is an approximate value that I 

have found to be quite Satisfactory. It furnishes 
the basis for the lowered filix- density in the Sec 
ondary S2 prior to ignition of the discharge de 
vices so that during operation of the said de 
vices, the fiux density will approach that of the 
primary. In view of the nanner in which the 
number of turns of S2 is arrived at, it becomes 
apparent that the nuinber of turns in S2 can be 
said to be progortional to the number of turns 
in the primary Pinnultiplied by 1.5. 
Once the number of turns of S2 and itS ap 

proximate open circuit voltage have been de 
termined, it is a relatively simple matter to de 
termine the number of turns in the third Sec 
ondary Winding S3. 
From the above, it should be seen that I have 

decreased the nuiber of turas ci? S2 by 5% more 
than normally would be required if S2 were closer 
coupled with the primary P, and the end gap 
22 were not used. I have in effect reduced the 
open circuit fiux density in the core adjacent 
S3 to about 66% of that of PSO that the voltage 
developed in S2 is only about half of the total 
open circuit voltage, and I have used another 
winding S3 to supply that part of the open cir 
cuit voltage not supplied by the additional volt 
age of the primary P. have effected a consid 
erable saving in copper, because to achieve the 
same results as aschieved by splitting the Wind 
ing into S2 and S3, a single winding would be re 
quired which has the total number of turns equal 
to the sum of the turns of S3 plus S2 (computed 
on the basis of the flux density of P) together 
multiplied by some factor substantially greater 
than unity. 

have produced and operated a Successful ex 
ample of apparatus using the principles and 
teachings of thy invention in providing ignition 
and operating voltages for two T-12 instant start 
lamps, each 96 inches long, Operating at a cur 
rent of .438 ampere, having a wattage rating of 
75 watts each, with an ignition voltage of about 
750 volts. Such an apparatus had the following 
physical characteristics: 
Stack dimensionS.-------- 63%, ’’ x 3' x 14' 
Width of franle---------. .478’’ 
Central leg ----------- 1.1' ' Wide 
S1 window width.--------- .84' (along length of 

the shell) 
S3 & P Window length - 1%.' 
S2 Window length.-------. 157’’ 
Shunt 6 and gap i------ 3A.’’ and .025'' 
Shunt 9 and gap 29.----- 1.2 and 0.25 
Gap 22------------------ 040'' 
S1---------------------- 2800 turns of it 32 Wire 
S2---------------------- 450 turns of iii.26 wire 
S8---------------------- 64) turns of it26 wire 
F----------------------- 400 turns of 21 Wire 
Condensel' 28------------ 1.5 infid. at 800 volts 

As will be noted from Fig. 1, the primary P and 
the third secondary S3 are wound in the same 
Window. 
The above example gave excellent results. The 

flux density in the vicinity of the winding S2 at 
open circuit was found to be about 6000 gauss, 
and during operation about 13,000 gauss. The ig 
nition voltage of 750 volts was easily achieved 
from the 118 volt, 60 cycle, A. C. line, and the re 
Sulting lamp current by the use of the apparatus 
had a crest factor of 1.45. 
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The above example was constructed, as indi 

cated, with a stack height of 1/4 inches. It was 
desired to reduce the stack height to 1 inch, for 
decreasing the steel requirements of the trans 
fornier. The iresulting example required more 
turns on the respective windings, but operated 
Successfully. The changes in the physical chair 
&cteristics were not great. The gap 22 Was in 
creased to .065'; the shunt i3 was reduced to 
%' to allow in ore space for added turns of S3; 
and the gap 7 reduced to .020" . The open cir 
cuit voltage Was sightly lowered. Without detri 
In eihtal effect. As for the Windings, P was in 
creased by 70 turns, S1 was increased by 50 turns, 
S2 was increased by 50 turns, and S3 was increased 
by 75 turns. 

It should be appreciated that a Wide range of 
variation in the details of the invention is pos 
sible without, departing from the spirit of the 
same, all within the scope thereof as limited only 
by the appended claims. 

Cain: 
1. Apparatus of the character described adapt 

ed to ignite and oparate a pair of gaseous dis 
charge devices from an A. C. Source of relatively 
low Voltage which includes a ti'ansformer having 
a primary Winding, a first high leakage reactance 
Secondary Winding and a second high leakage 
reactance secondary winding, all of said wind 
ings being in Ounted on a unitary iron core, means 
for connecting said devices to said windings for 
Seriatin ignition and Substantially series opera 
tion thereof, and means for increasing the open 
circuit voltage of Said second secondary without 
increasing the induced flux in the said core in 
the Vicinity of Said Second Secondary whereby to 
provide high voltage regulation ratio for said 
apparatus, which connprises a winding in voltage 
additive relationship with said second secondary 
and connected in series therewith, closely coupled 
to Said primary winding whereby to have mini 
mum leakage reactance induced thereby. 

2. Apparatus of the character described adapt 
ed to ignite and operate a pair of gaseous dis 
charge devices from an A. C. Source of relatively 
low voltage which includes an iron core auto 
transformer nouilting a primary Winding, a 
loosely coupled first secondary winding having 
one end connected to said priinary winding, a 
loosely coupled second secondary winding having 
an end connected with the second end of the first 
Secondary winding, and being in reverse open 
circuit voltage relationship thereto, means in 
cluding a capacitive reactor for connecting one 
of Said devices across the primary and first sec 
ondary winding, means for connecting the second 
of Said devices across the first and second second 
ary windings, and means for connecting the said 
Source across the primary, the Secondaries having 
a turn relationship to the prinary with the con 
bined open circuit Voltage of the primary and 
fii'St Secondary exceeding ignition voltage of Said 
One device, the open circuit voltage of the second 
Secondary being less than the ignition voltage of 
Said Second device to cause seriatin ignition of 
Said devices, and the reactance of the first Sec 
Ondary being high relative to the second second 
alry to oppose flow of current through said first 
Secondary whereby after the devices are both 
operating, the apparatus will form in effect a 
series circuit connected across the primary, said 
circuit consisting of the devices, the capacitive re 
actor and the Second secondary, and a third sec 
Ondary Winding being an electrical extension of 
and in Series with Said second secondary, although 
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physically spaced therefrom and closely coupled 
With the primary. 

3. Apparatus of the character described adapt 
ed to ignite and operate a pair of gaseous dis 
charge devices from an A. C. Source of relatively 
low voltage which includes an iron core auto 
transfoiler having windings comprising a pri 
nary, a loosely coupled first secondary serially 
connected with the prinnary, and a loosely coupled 
second secondary serially connected with Said 
first secondary, said secondaries being arranged 
in reverse open circuit voltage relationship One 
to the other, means including a capacitive re 
actor connecting one of said devices acroSS and 
in series with the primary and first secondary, . 
means connecting the second of said devices 
across and in series with the first and second 
secondaries, means connecting the source acroSS 
the primary, and a third secondary winding in 
series with the second secondary, connected be 
tween said second secondary and said second 
device and being closely coupled with said pri 
mary and magnetically spaced from the remain 
der of the Second Secondary. 

4. Apparatus of the character described adapt 
ed to ignite and operate a pair of gaseous dis 
charge devices from an A. C. Source of relatively 
low voltage which includes an iron core auto 
transformer having windings comprising a pri 
mary, a loosely coupled first secondary serially 
connected with the primary, and a loosely coupled 
second secondary serially connected with said 
first secondary, said secondaries being arranged 
in reverse open circuit voltage relationship one 
to the other, means including a capacitive re 
actor for connecting one of said devices across 
and in series with the primary and first second 
ary, means for connecting the second of said 
devices across and in series with the first and 
second secondaries, and means for connecting the 
Source across the primary, and a third Secondary 
in series with the second secondary being closely 
coupled with said primary and magnetically 
spaced from the second secondary, the turn re 
lationship of the prinary and the combined Sec- 4. 
ond secondary and third secondary being Such 
that approximately half of the total open circuit 
voltage of the primary, second and third second 
aries will appear across the primary and said 
third secondary, with the other half appearing : 
across said second secondary. 

5. Apparatus of the character described 
adapted to ignite and Operate a pair of gaseous 
discharge devices from an A. C. source of rela 
tively low voltage which includes an iron core 
auto-transformer having windings comprising a 
primary, a loosely coupled first secondary serially 
connected with the primary, and a loosely cou 
pled second secondary serially connected with 
said first secondary, said secondaries being ar 
ranged in reverse open circuit voltage relation 
ship one to the other, means including a capaci 
tive reactor for connecting one of said devices 
across and in series with the primary and first 
secondary, means for connecting the second of 
said devices across and in series with the first 
and second secondaries, and raneans for connect 
ing the source across the primary, a third sec 
ondary in series with said second secondary being 
closely coupled with said primary and mag 
netically spaced from the second secondary, the 
turn relationship of the said second secondary 
to the primary being defined approximately by 
the ratio 

Ts=15 Tp 
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Where 

I's is the number of turns of the second sec 
Ondary. 

Tp is the number of turns normally required to 
provide a given inductive reactance in the cir 
cuit, calculated at the primary flux density. 
6. Apparatus of character describes adapted 

to ignite and operate a pair of gaseous discharge 
devices from an A. C. source of relatively low 
voltage which includes a pair of Said devices a 
unital'y core of shell formation and having a cen 
trai winding leg and a plurality of winding win 
dows and windings mounted on said leg respec 
tively disposed in said windows and including a 
primary, a first Secondary, and a second Sec 
ondary, magnetic shunts separating said Wind 
ings one from another, and said Windings being 
electrically connected one after the other in the 
respective order named with the secondaries in 
reverse open circuit voitage relationship one to 
the other and a third secondary winding con 
nected in Series with and in additive voltage re 
lationship to said second secondary, but disposed 
upon said leg in the same Window as said primary 
to closely couple therewith, a capacitive reactor 
in series with one of said devices and together 
therewith connected across the primary and first 
Secondary, means connecting the second of said 
devices across all of the secondaries and means 
connecting the primary to the source. 

7. Apparatus as described in ciain 6 in which 
the primary and third secondary windings are 
disposed on the center of the winding leg and 
the magnetic shunt on the said first secondary 
Side is Substantially greater than that on the Sec 
ond secondary side. 

8. Apparatus as described in claim 6 in which 
the first and second secondaries are disposed on 
Opposite ends of the said winding leg and said 
leg has a non-magnetic gap therein adjacent 
Said Second secondary. 

9. Apparatus of the character described 
adapted to ignite and operate a pair of gaseous 
discharge devices from an A. C. source of rela 
tively low voltage which includes an auto-trans 
former having windings comprising a primary, a 
loosely coupled first secondary serially connected 
With the primary, and a loosely coupled second 
Secondary serially connected with said first sec 
Ondary, said secondaries being arranged in re 
verse open circuit voltage relationship, one to the 
other, means including a capacitive reactor for 
Connecting one of said devices across and in 
Series with the primary and first secondary, 
means for connecting the second of said devices 
acroSS and in Series with the first and second 
Secondaries, and means for connecting the source 
acroSS the primary, and means for increasing the 
Voltage available to said second device without 
increasing the leakage flux of said second second 
alry which comprises a third secondary connected 
in Series with and in additive voltage relation 
ship to Said Second secondary and arranged in 
minimurn leakage inductive relationship to said 
primary. 

10. Apparatus of the character described 
adapted to ignite and operate a pair of gaseous 
discharge devices from an A. C. source of rela 
tively low voltage which includes an iron core 
auto-transformer having windings comprising a 
primary, a loosely coupled first secondary serially 
connected With the primary, and a loosely cou 
pled second secondary serially connected with 
said first secondary, said secondaries being ar 
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ranged in reverse open circuit voltage relation 
ship one to the other, means including a capaci 
tive reactor for connecting one of said devices 
across and in series with the primary and fil"St 
Secondary, means for connecting the Second of 
Said devices across and in series with the first 
and second Secondaries, and neans for connect 
ing the source across the primary, said trans 
former including an iron core shell and Winding 
leg, said primary and secondaries being mounted 
OE. Said leg, and said eg having a gap therein 
adjacent said Second Secondary, and means en 
abling a higher open circuit voltage to be ob 
tained fron said second secondary without in 
creasing the size of the gap which comprises an 
auxiliary winding connected in series with and 
additive to said second secondary, but closely 
coupled with said primary. 

11. Apparatus of the character described in 
cluding a pair of gaseous discharge devices 
adapted to be ignited and thereafter operated 
With Suitable regulation from an A. C. source of 
relatively low voltage which comprises, an iron 
core auto-transformer having a primary wind 
iing, a first Secondary winding serially connected 
With the primary Winding and loosely coupled 
theireto, a, Second secondary Winding serially con 
nected with said first secondary winding and 
loosely coupled relative to the primary winding, 
the said secondaries being arranged on said trans 
former in reverse voltage relationship one to 
the other, one of Said devices being connected 
in Series with and across the primary and first 
Secondary Windings combined and having a 
Series-COnnected capacitor in Said connection, the 
Second device being connected a CrOSS and in 
Series With both of said secondaries combined, 
the devices thereby forming two separate circuits 
having the said first Secondary winding common 
to both circuits, leads for connecting the primary 
Winding to the said Source, a third Secondary 
Winding series connected with the said second 
Secondary Winding and being closely coupled with 
the said primary Winding and being magneti 
cally spaced from the said secondary Winding. 

12. Apparatus of the character described in 
cluding a pair of gaseous discharge devices 
adapted to be ignited and thereafter operated 
With Suitable regulation from an A. C. source of 
relatively low voltage which includes a unitary 
core of shell for nation and having a central 
Winding leg and a plurality of Winding Windows 
and Windings mounted on said leg respectively 
disposed in Said Windows and including a pri 
mary winding, a first Secondary Winding, and a 
second Secondary Winding, magnetic shuntS Sep 
airating said Windings one from the other, and 
said windings being electrically connected one 
after the other in the respective order named with 
the Secondaries in reverse Voltage relationship One 
to the other and a third secondary winding con 
nected in Series with and in additive Voitage 
relationship to the Said second Secondary Wind 
ing, but disposed upon Said leg in the Same win 
dow as the primary winding to closely couple 
therewith, one of Said devices being connected 
across the primary and first secondary windings 
combined and having a series capacitor in the 
connection, and the second of said devices being 
connected across all of the said Secondary Wind 
ings, and lead means for connecting the primary 
Winding to the Source. 

13. Apparatus of the character described for 
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12 
igniting and operating gaseous discharge devices, 
comprising a pair of gaseous discharge devices, 
a source of A. C. power of voltage leSS than the 
igniting voltages of the devices, an iron Core, a 
transformer on the core and formed of a pri 
mary winding, a first secondary winding, a Sec 
ond secondary winding, and a third Secondary 
Winding, the primary winding having first and 
second end terminals connected to Said Source, 
the second and third secondaries being together 
connected in series as a pair and Said pair hav 
ing end terminals, the first Secondary Winding 
being connected between the Second terminal of 
the primary winding and the first tel'nninal Of the 
pair, with the open circuit voltages of the first 
secondary winding and the pair opposed, a capac 
itor, one gaseous discharge device being coin 
nected in series with the capacitor between the 
rst terminal of the pair and one of the termi 

nails of the primary Winding, the Second gaseous 
discharge device being connected from the Sec 
ond terriminal of the pair to another of the ter 
minals of the primary winding, the Windings be 
ing arranged along the core with the prinary 
Winding having the third secondary Winding 
tightly coupled therewith, the other secondaries 
being on opposite sides of the primary Winding 
With the physical spacing between the plinary 
and first secondary windings glreater than the 
spacing between the primary and the Second Sec 
ondary windings. 

14. Apparatus of the character described in 
cluding, a pair of gaseous discharge devices 
adapted to be ignited and thereafter operated 
With Suitable regulation from an A. C. SOurce of 
relatively low voltage which comprises, an iron 
core, an autotransformer on the core having a 
primary winding provided with end terminals, a 
first secondary winding serially connected with 
the primary winding and loosely coupled there 
With, a second Secondary Winding Serially coin 
nected with the first secondary Winding and 
loosely coupled with the primary Winding, the 
said secondary windings being arranged on the 
core in reverse open circuit, Voitage relationship 
one to the other, there being a capacitor in Series 
With one of Said devices and Said one device 
together with said capacitor being connected 
across a portion of the transformer Windings 
including the first secondary Winding but eX 
cluding the Second Secondary Winding and COn 
nected to one end terminal of the primary wind 
ing, the second device conjected across a por 
tion of the transformer windings including at 
least the two secondary windings and being con 
nected to the second end terminal of the primary 
winding, the end terminals of the primary Wind 
ing being connected to the source, a third second 
alry winding additive to and serially connected 
with said second secondary winding and being 
closely coupled with said prinnary winding and 
Imagnetically spaced on the core from Said Sec 
ondary Winding. 
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