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This invention relates to transformers, particularly a 
transformer for a gaseous discharge tube or tubes which 
are connected in a circuit such that a coil of the trans 
former takes a leading current. The present invention is 
more particularly concerned with means for controlling 
the leakage reactance of a leading secondary coil of a 
transformer of the type commonly used for fluorescent 
lamps, or the like. 

Lighting circuits for fluorescent lamps commonly utilize 
what is known as a high leakage reactance transformer. 
This consists of a primary and one or more secondaries, 
frequently with a magnetic shunt between the secondaries, 
and, in addition means for providing a loose coupling 
between the secondaries and the primary. This loose cou 
pling may be obtained by mechanical spacing between 
the primary and the secondary or by a magnetic shunt 
between them, with an air gap. The secondary may be 
electrically insulated from the primary or may be con 
nected therewith in step-up auto-transformer relationship. 
The operating current of the gaseous discharge tube or 
tubes is supplied through the secondary, and the regula 
tion of the secondary current is in a measure dependent 
upon the leakage reactance. The present invention relates 
to the means for controlling the leakage reactance of a 
secondary which supplies current to a gaseous discharge 
tube over a circuit in which the current is essentially lead 
ing with respect to the primary voltage. 

In the case of a transformer that supplies current to one 
or more gaseous discharge units through a circuit in which 
the current through the unit is essentially a leading cur 
rent, it has been found necessary to place an air gap in 
the path of that magnetic flux which is common to both 
the primary and the secondary windings, in order to pre 
vent saturation of the secondary winding. This is illus 
trated, by way of example, in the patent to Berger, No. 
2,461,957. The vector relationship indicates that the volt 
age drop across the secondary coil in a leading high re 
actance ballast is greater than the initial open circuit volt 
age across this coil. As a result, there is a tendency for the 
current through this secondary to increase, causing a sat 
uration of the core at the secondary. As the current in 
creases through the secondary the leakage reactance de 
creases. This changes the total impedance which is equal 
to the capacity reactance minus the inductive reactance. 
The drop in impedance causes still further increase of the 
current flow which causes a further drop in impedance 
and again increases the current flow. This continues until 
the iron is magnetically saturated. When the iron is oper 
ated in a saturated condition the current wave shape 
through the lamp is highly peaked giving a very poor 
light output and decreasing the life of the lamp. 
As set forth in the above-mentioned Berger patent, a 

gap in the magnetic circuit of the flux that is common to 
the primary and secondary will substantially diminish 
this saturation and the wave distortion, in that the gap 
introduces a high reluctance of a fixed value in series with 
the reluctance of the iron circuit, which latter reluctance 
varies at different values of flux density. 
Commercial transformers of the type with which the 

present invention are concerned are generally made of a 
long and narrow construction. This shape is necessitated 
by either or both of two considerations. One is, it is neces 
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sary to conform the ballast or transformer to the shape 
of the channels that are provided in the lighting fixtures 
in which the transformers are to be mounted, which chan 
nels are very narrow. The other consideration is that in 
order to maintain an economic ratio between the copper 
and the iron of the transformer the secondary turns must 
be of small diameter. The electrical conditions that must 
be satisfied by the transformer require the use of many 
turns of wire, and fix the size of the wire, which therefore 
results in a comparatively long secondary. This is particu 
larly true where the transformer is to supply operating 
current to two 72 inch or 96 inch fluorescent lamps, com 
monly known as the rapid start type, and which are eco 
nomically operated two lamps in series. I have found that 
in the case of a transformer having a very long secondary 
which supplies a current that is leading with respect to the 
primary voltage, the provision of an air gap in the sec 
ondary leakage flux path is insufficient to prevent satura 
tion of the core by the secondary leakage flux. This is 
probably due to the fact that the longer the secondary 
the greater is the possible magneto-motive force that is 
responsible for the secondary leakage flux. Therefore, in 
the case of a long secondary, portions of the secondary 
are frequently so remote from the air gap that the mag 
neto-motive force which produces the secondary leakage 
flux is sufficient to cause saturation of the magnetic struc 
ture of the transformer in the region of that flux. 

I have found that by distributing the air gap so that 
it is in the form of a number of spaced apart gaps in series 
and at various locations with respect to the secondary that 
carries the leading current, the different ones of the gaps 
can introduce sufficient reluctance in any of the possible 
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leakage flux paths so that saturation of the core is pre 
vented. 

Reference may now be had more particularly to the 
drawings which show the principles of the present inven 
tion applied to various types of transformer cores which 
are otherwise of standard construction. 

In the drawings: 
FIG. 1 is a sectional view of a transformer of a two 

lamp fluorescent ballast having a magnetic construction in 
accordance with this invention; 

FIG. 2 is a fragmentary sectional view taken along the 
line 2-2 of FIG. 1; 

FIG. 3 is a circuit diagram illustrating one typical con 
nection for the windings of a ballast of the present inven 
tion; and 

FIGS. 4, 5 and 6 are views similar to FIG. 1 and show 
ing the present invention as applied to different types of 
transformer cores. - 

The transformer of FIG. 1 includes a primary coil 1 
and a secondary coil 2 mounted on a magnetic core 3 
which is assembled with a pair of similar yokes 4-4. 
The core and the yokes each comprises a similar number 
of transformer steel laminations stacked together and 
held in assembled relation in any desired manner. In the 
transformer illustrated in FIG. 1, the core and the yokes 
each comprises a stack of approximately fifty lamina 
tions having an overall thickness of the order of 1.25 
inches. Each yoke 4 includes a pair of end legs 6-7 and 
an intermediate shunt 8, all joined by a longitudinally ex 
tending side 9. The two sets of preassembled yokes 4 are 
assembled with the preassembled core 3, on which the 
primary and secondary have been mounted, to form the 
transformer, and are held in assembled relationship in any 
desired manner. The shunts 8 extend almost up to the 
core 3 but leave air gaps at 12 which are of a height 
of the order of .04 inch from the core to the yoke. The 
core 3, in one construction, was one inch wide and ap 
proximately 7.8 inches long. The width of the iron struc 
ture of FIG. 1 was approximately 2.9 inches. Each of the 
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longitudinal sides 9 was approximately /2 inch wide as 
were each of the legs 6, 7 and 8. The primary and sec 
ondary coils extend through "windows' formed between 
the central core 3 and the yokes 4-4, and bounded by 
the shunt 8 and the end leg 6 in one case and the end leg 
7 in the other. The iron core structure thus far described 
is a conventional structure known as a shell type struc 
ture. 

In order to effect economies in the amount of copper 
used, it is customary to make the coils 1 and 2 of an ap 
preciably greater axial length, that is, length in a direction 
parallel to the core 3, than their thickness in a direction 
from the core 3 to the yoke 4. In view of the size of the 
wire used and the number of turns required, it follows, 
therefore, that the coils, particularly the secondary coil, 
is of appreciable axial length. In one design, the primary 
had 350 turns of No. 20 copper wire and was 2% inches 
long and with an outside diameter of the order of 1.9 
inches, whereas the secondary had 2020 turns of No. 22 
copper wire, was of a length of approximately 3% inches 
and with the same outside and inside diameters as was 
the primary. 
The core 3 has a series of air gaps 15, 16, 17 there 

through at the portion thereof that is surrounded by the 
secondary 2. Each of said air gaps 15-16-17 is of a width 
in a direction extending axially of the core 3, of the order 
of .05 inch and of a length extending substantially the 
full width of each core lamination 3, leaving only a small 
bridge at opposite ends of the air gap for maintaining 
the mechanical unity of the portions of the core 3 on op 
posite sides of the air gap. The distance from the air gap 
16 to the primary 1 is, as may be seen from FIGURES 
1 and 2, more than 30% of the length of the secondary. 
Also, the length of the secondary coil is greater than 1.5 
times its diameter. The purpose of the air gaps 15-16-17 
is to introduce distributed reluctance in the path of the 
secondary leakage flux for the purpose of preventing sat 
uration of the magnetic structure by the secondary leak 
age flux. 

FIG. 3 shows one standard circuit for the primary and 
secondary of FIG. 1. In this circuit, the primary 1 is con 
nected across a line that supplies 120 volts 60 cycle cur 
rent. The secondary 2 is connected in step-up auto-trans 
former relationship with the primary 1 and, in series with 
a condenser 25 (approximately 3 microfarads), supplies 
starting and operating current to two fluorescent lamps, 
indicated at 27 and 28, that are connected in series, the 
lamp 28 being shunted by a condenser 29. This is a 
conventional rapid start circuit wherein the condenser 29 
by-passes the lamp 28 to supply starting voltage to the 
lamp 27. The lamps are conventional 72' T-12 or 96' 
T-12 gaseous discharge fluorescent lamps rated at 100 
watts and operating with 800 milliamperes to 1 ampere. 
These lamps, operating two in series, require a total open 
circuit voltage of 530 volts. After the lamp 27 has started, 
the voltage thereacross drops, and there is then sufficient 
voltage to start the lamp 28 which then operates in se 
ries with the lamp 27. 
The transformer of FIG. 1 together with the con 

densers, as illustrated in FIG. 3, is placed into a casing 
20, which is generally of iron or steel, and in which the 
transformer fits snugly. The free space within the casing 
is filled with an insulating compound of tar-like con 
sistency which excludes all air from around the trans 
former. The reluctance of the air gaps 15-16-17 reduces 
the flow of secondary leakage flux through the casing and 
thus reduces objections that are otherwise inherent in 
Such a structure. 

By placing two or more air gaps 15, 16 and 17 in the 
core of the secondary 2 it is possible to control the leak 
age reactance of the secondary so that the resulting cur 
rent is fairly close to a sine wave. It is believed that the 
theoretical reason for the success of a multiplicity of rela 
tively small air gaps as against the use of one large air 
gap lies in the ratios between the width and the cross 
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4 
sectional area of the air gap on the one hand, and the 
width and the cross sectional area of the window space 
between the core and the shell that is occupied by the 
secondary 2. In the transformer hereinabove described, 
this space was .45 inch, and the approximate length of 
the wire portion of the secondary coil was slightly over 
three inches. The reluctance of any air gap is propor 
tional to the length of the gap divided by its cross sec 
tional area. Since the height of the stack is the same rela 
tive to any air gap in the core and the window space 
itself, the relucance of the window space overall will be 
inversely proportional to the length of the window, and 
the relucance of the gap in the core will be inversely pro 
portional to the width of the core. Therefore, if, for ex 
ample, the air gap at the end of the core is approxi 
mately .05 inch and the total window length at the sec 
ondary, figuring both sides of the core, is six inches, the 
reluctance of the windows as a shunting path will have 
an area in the ratio of 1 to 6 for the end gap compared 
to the reluctance of the windows, if a single end located 
air gap were used. Therefore, taking into consideration 
the length of the gap as being .05 inch for such end gap, 
its reluctance would be in the ratio of .05 to 1. The re 
luctance of the window would be of the ratio of .45 to 6, 
so that it can be seen that there is hardly a 2 to 1 ratio 
in the reluctance of the window itself as compared to 
the reluctance of the air gap. Therefore, considering that 
the magneto-motive force of the long coil would tend to 
send flux into the air gap, and if it were limited only by 
the effect of an end air gap, the leakage through the win 
dow becomes quite a factor and is sufficietly large to per 
mit saturation of the secondary despite any increase that 
may be made in the end air gap. However, if the air gaps 
are distributed along the length of the long secondary 
core, as illustrated in FIG. 1, and are magnetically in 
series, they will thereby considerably limit the flow of sec 
ondary leakage flux to any considerable portion of the 
core 3 and thence across the windows themselves. This 
thereby controls the secondary leakage flux to prevent 
saturation of the secondary by the leakage flux. 
The ballast of the present invention is also quieter in 

its operation due to the fact that the distributive air gaps 
15, 16 and 17 reduce the amount of leakage flux that can 
flow through the casing 20 and thereby eliminate or sub 
stantially reduce the hum that would otherwise be caused 
by a large secondary leakage flux flowing through the 
casing 20. 
In the ballast of FIG. 1, the condensers 25 and 29 are 

housed within the casing 20. 
The principles of the present invention are applicable 

to other types of transformers for gaseous discharge tubes 
wherein there is a secondary that takes a leading current 
and wherein the length of the secondary creates the 
saturation problem hereinabove set forth. In FIG. 4 there 
is illustrated a structure wherein the principles of the 
present invention are applied to a transformer core of 
the type shown in the patent to Brooks, No. 2,562,693, 
being particularly useful if the ballast requires a leading 
secondary coil 37 of appreciable length. The core of 
the ballast of FIG. 4 is identical with that shown in the 
Brooks Patent 2,562,693 and to which reference is made 
for a more complete description. This core differs from 
that of the Brooks patent only in that the length of the 
space for the leading secondary 37 is proportionately 
longer, and by the provision of two air gaps 15 and 16 
which extend across the core 35 in the same manner as in 
FIG. 1 heretofore described. These two air gaps are in 
addition to the bridged air gap 47 the function of which 
is described in the Brooks patent, which air gap 47. has 
been, optionally, substituted for the air gap 17 of FIG. 1 
of this application. 

In the structure of FIG. 4 the primary is indicated at 
38. A secondary 36 is connected in auto-transformer 
relationship with the primary and supplies a lagging cur 
rent to a gaseous discharge device. A secondary 37 is con 
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nected in step-up auto-transformer relationship with the 
primary and is connected in series with a condenser to 
provide a leading current for a gaseous discharge device, 
as shown in the Brooks patent, or to provide a leading 
current for two series connected gaseous discharge de 
vices, as illustrated in FIG. 3 of this application. 
The principles of the present invention are applicable 

alike to core type transformers as well as shell type. To 
that effect, there is illustrated in FIG. 5 the core type 
transformer of Berger Patent No. 2,461,957 in which the 
end air gap of that patent has been omitted and in lieu 
thereof the core which comprises two stacks of L-shaped 
laminations has been provided with distributed air gaps 
15a, 16a and 17a in one stack thereof and 15b, 16b and 
17b in the other stack theerof, these air gaps being identi 
cal with the air gaps 15, 16 and 17 heretofore described. 
In this ballast, the coils 6a and 7a are connected in series 
by a conductor 50 and together constitutes a primary. 
The coils 8a and 9a are connected in series by a conductor 
51 and together are connected in auto-transformer rela 
tionship with the primary and supply lagging current to 
a gaseous discharge tube. The coils 11a and 12a are con 
nected in series by a conductor 52 and together constitute 
a secondary which is connected in step-up auto-trans 
former relationship with the primary and in series with 
a condenser 13a and supplies leading current to a lamp, 
as shown in the Berger patent, or to two or more lamps 
as shown in FIG. 3 hereof. The necessary loose coupling 
between the primary and the leading secondary 11a-12a 
is obtained by adequately spacing the secondary from the 
primary, or by a shunt and air gap between them, such 
as the shunt 8 and air gap 2 of FIG. 1. 

In FIG. 6 there is illustrated a transformer such as 
shown in FIG. 1 of the patent to Feinberg, No. 2,683,243, 
to which patent reference is made for a more complete 
description thereof. The transformer of FIG. 6 differs 
from that of Patent 2,683,243 in that here there have 
been added the air gaps 15c and 16c which correspond 
to the air gaps 15 and 16 of FIG. 1 hereof. The end air 
gap 22c which corresponds to the air gap 22 of Patent 
2,683,243 may be used in lieu of the air gap 17 of FIG. 1. 
In this ballast S1 and S2 are secondaries, and between 
them is a primary P which may combine a primary and 
a third secondary. The coils S1, P and S correspond to 
the coils bearing the same reference numerals in Patent 
2,683,243 to which reference is here made. This ballast 
is connected in circuit the same as illustrated in the 
above referred to Feinberg patent to which reference 
may be had, for a more complete description. 
In the descriptions above given of the structures of 

FIGS. 4, 5 and 6, I have omitted detailed descriptions of 
those portions of the respective ballasts that have not 
been changed by the present invention, and reference is 
here made to the disclosure in the corresponding patents 
above referred to for the details of construction of the 
respective ballasts or transformers of FIGS. 4, 5 and 6 
just as though those details were incorporated in the 
present specification. 
The transformers of FIGS. 4, 5 and 6 together with 

their associated condensers are enclosed in casings such 
as the casing 20 of FIGS. 1 or 2. From the above specifi 
cation it is apparent that the principles of the present 
invention are applicable to a wide variety of transformers. 
The advantages of the forced core construction of FIG. 
8 or the semi-forced core construction of FIG. 5 may be 
utilized in connection with the principles of the present 
invention. 

In compliance with the requirements of the patent 
statutes I have here shown and described a preferred 
embodiment of my invention. It is, however, to be under 
stood that the invention is not limited to the precise con 
struction here shown, the same being merely illustrative 
of the principles of the invention. What I consider new 
and desire to secure by Letters Patent is: 

1. Apparatus for supplying a leading current to a gase 
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6 
ous discharge device comprising primary and secondary 
coils and an iron core coupling the two, the secondary 
being of an axial length greater than 1.5 times its diame 
ter, said core having a magnetic portion extending length 
wise of the secondary and adjacent thereto and con 
stituting a part of the leakage flux path of the second 
ary and having non-magnetic gaps in series with one an 
other and spaced from one another lengthwise of the 
Secondary by an amount which is a substantial fractional 
part of the axial length of the secondary, the width of the 
magnetic material left in the primary flux path of the 
magnetic portion at each gap being a minor fractional 
part of the distance between adjacent gaps. 

2. An apparatus as defined in claim 1 wherein said 
magnetic portion with its non-magnetic gaps is in the 
path of the primary magnetizing flux and outside of the 
primary leakage flux. 

3. An apparatus as defined in claim 1 wherein the 
portion of the core that includes the non-magnetic gaps 
is surrounded by the secondary. 

4. An apparatus as defined in claim 1 wherein there 
is a condenser in series with the secondary coil and of a 
capacity sufficient to cause the current flowing through 
the secondary to be leading with respect to the primary 
voltage, 

5. An apparatus as defined in claim 2 wherein each of 
the non-magnetic gaps is bridged by a magnetic portion 
of the core. 

6. An apparatus as defined in claim 3 wherein there is 
a magnetic casing for said apparatus, the casing being 
closely adjacent to the secondary and, together with the 
magnetic portion and the series air gaps, constitutes a 
part of the path for secondary leakage flux. 

7. Apparatus as defined in claim 6 wherein there is a 
condenser in the casing and in series with the secondary 
coil and of a capacity sufficient to cause the current flow 
ing through the secondary to be leading with respect to 
the primary voltage. 

8. Apparatus for connection to an alternating current 
source of fixed frequency for supplying leading current 
to a gaseous discharge device comprising primary and 
secondary coils, an iron core coupling the two, the sec 
ondary coil being of greater length than 1.5 times its di 
ameter, said core having a plurality of high reluctance 
portions in series with one another in the path of the pri 
mary magnetizing flux, said portions being also in the 
path of the secondary leakage flux that links all of the 
Secondary turns and being spaced from one another in a 
direction axially of the secondary so that such secondary 
leakage flux that links only a fractional portion of the 
turns of the secondary will pass through less than all of 
the high reluctance portions, the distance between adja 
cent high reluctance portions being greater than the radial 
thickness of the secondary. 

9. Apparatus as defined in claim 8 wherein there is 
a condenser in series with the secondary and of a greater 
capacity reactance at the frequency of the source than the 
inductive reactance, at said frequency, of said secondary 
and the load connected thereto. 

10. In combination with two series connected gaseous 
discharge devices, a condenser shunting one of the de 
vices, means forming a leading circuit with said devices, 
said means including a high reactance transformer hav 
ing an output voltage less than the sum of the starting 
voltages of the two devices and greater than the starting 
voltage of each device, said transformer including a pri 
mary coil and a secondary coil in axial alignment with 
one another and spaced axially of one another, so that 
successive portions of the secondary are progressively 
further from the primary and the secondary is outside 
of the path of the primary leakage flux, an iron core 
coupling the primary and secondary coils, the secondary 
being of an axial length greater than its diameter, said 
core having a plurality of high reluctance portions in 
series with one another in the path of the primary mag. 

s 
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netizing flux and also in the path of the secondary leakage 
flux that links all of the secondary turns and being spaced 
from one another in a direction axially of the second 
ary so that such secondary leakage flux that links only a 
fractional portion of the secondary will pass through less 
than all of the high reluctance portions, the distance be 
tween adjacent high reluctance portions being greater than 
the radial thickness of the secondary, the primary and the 
secondary being loosely coupled and connected in step-up 
auto-transformer relationship, a condenser in series with 
the secondary and in series with the circuit including the 
two series-connected gaseous discharge devices, said con 
denser being of greater capacity reactance at the operat 
ing frequency of the apparatus than inductive reactance 
of the circuit that includes the secondary, so that the sec 
ondary load current is a leading current, the first men 
tioned condenser being of a capacity substantially smaller 
than the capacity of the second mentioned condenser and 
constituting a by-pass around one of the devices for pro 
viding substantially the entire voltage of the transformer 
to be applied to the other device to start it, whereupon 
the second device will then start. 

11. A high reactance ballast transformer comprising a 
shell type magnetic core, having an elongated central core 
leg and a pair of yoke core legs defining coil receiving 
windows with said central core leg, a primary winding and 
a secondary winding arranged on side-by-side portions of 
said central core leg within said windows, said central 
core leg having a pair of spaced transverse slots forming 
bridged-gaps in the magnetic circuit of said secondary 
winding, one of said bridged-gaps being no more than 
20% of the length of the secondary winding away from 
said primary winding, and the other bridged-gap being 
no less than 30% of the length of said secondary winding 
away from said primary winding. 

12. The high reactance ballast transformer of claim 11 
wherein said primary and secondary windings are con 
nected in autotransformer relationship. 

13. A high reactance ballast transformer comprising a 
shell type magnetic core having an elongated central core 
leg and a pair of yoke core legs defining coil receiving 
windows with said central core leg, a primary winding and 
a secondary winding arranged on side-by-side portions of 
said central core leg within said windows, said central 
core leg having a pair of spaced transverse slots forming 
bridged-gaps in the magnetic circuit of said secondary 
winding, one of said bridged gaps being proximate to said 
primary winding. 

14. The high reactance ballast transformer of claim 13 
wherein the other bridged-gap is located remote from 
said primary winding. 

15. A high reactance ballast transformer comprising 
a shell type magnetic core having an elongated central 
core leg and a pair of yoke core legs defining coil re 
ceiving windows with said central core leg, a primary 
winding and a secondary winding arranged on side-by 
side portions of said central core leg within said windows, 
said central core leg having a pair of spaced transverse 
slots forming bridged-gaps therein, one of said slots be 
ing located essentially in the magnetic leakage flux cir 
cuit of said Secondary winding only and the other of said 
bridged-gaps being located adjacent to that end of the 
Secondary winding that is closer to the primary winding. 

16. Ballast apparatus for starting and operating fluo 
rescent lamps comprising a high reactance transformer 
including a shell type magnetic core having an elongated 
central core leg and a pair of elongated yoke core legs 
defining coil receiving windows with said central core 
legs, a primary winding and a secondary winding ar 
ranged on side-by-side portions of said central core leg 
within said windows, a capacitor connected in series with 
said secondary winding for connection in series with a 
fluorescent lamp across said primary winding, and said 
central core leg having a pair of spaced transverse slots 
forming bridged-gaps therein, one of said bridged-gaps 
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being located essentially in the magnetic circuit of the 
leakage flux of only said secondary winding, and the 
other bridged-gap being closed adjacent to that end of 
the secondary winding that is closer to the primary wind 
1ng. 

17. Apparatus for igniting and operating gaseous dis 
charge means from a source of alternating voltage which 
comprises an iron core transformer including an elon 
gated flux conductive element, a primary winding and a 
secondary winding each coaxially mounted on a differ 
ent portion of said element and coupled. relative to one 
another to provide leakage reactance in the secondary 
winding during operation of said apparatus, said primary 
winding being adapted to be connected to said source, a 
capacitive load circuit including gaseous discharge means 
connected with said secondary winding to have the cur 
rent of said secondary winding flowing therein of lead 
ing character, and means for limiting the secondary leak 
age flux comprising a plurality of spaced apart reduc 
tions of area of said portion of said element upon which 
said secondary winding is mounted of dimensions to pro 
vide localized reduced core portions of non-linear per 
meability confined between the ends of said secondary 
winding. - * . . 

18. In apparatus for igniting, and operating gaseous 
discharge means wherein said apparatus includes: termi 
nals for connecting the apparatus to a source of alter 
nating voltage, an iron core transformer having a flux 
conductive element, primary and secondary windings each 
coaxially mounted on a different portion of said element 
and said windings being loosely coupled one with the 
other, said primary winding being adapted to be con 
nected to the said source, and a capacitive load circuit 
including said gaseous discharge means connected to said 
secondary winding to have the current of said winding 
flowing therein of a leading character; the improvement 
consisting of means for substantially limiting the second 
ary leakage flux comprising: a substantial reduction of 
cross-sectional area in said flux conductive element at a 
plurality of spaced apart locations in the portion of said 
element upon which said secondary winding is mounted, 
said reduced areas being each of dimensions to provide 
a localized reduced core portion of non-linear permeabil 
ity entirely confined between the ends of said secondary 
winding. 

19. A high reactance ballast transformer comprising a 
shell type magnetic core having an elongated central core 
leg and a pair of yoke core legs defining coil receiving 
windows with said central core leg, a primary winding 
and a secondary winding arranged on side-by-side por 
tions of said central core leg within said windows, said 
central core leg having a pair of spaced transverse slots 
forming bridged-gaps in the magnetic circuit of the leak 
age flux of said secondary winding, the distance between 
said slots being in excess of half the length of said Sec 
ondary winding, and one of said gaps being adjacent to 
that end of the secondary winding which is closer to the 
primary winding. 

20. A ballast as set forth in claim 16 in which one 
bridged-gap in the secondary leakage flux circuit is lo 
cated no less than 30% of the length of said secondary 
winding away from said primary winding, and the other 
bridged-gap is located adjacent to that end of the sec 
ondary winding which is closer to said primary winding. 

21. Ballast apparatus for starting and operating fluo 
rescent lamps comprising a high reactance transformer 
including a shell type magnetic core having an elongated 
central core leg and a pair of elongated yoke core legs 
defining coil receiving windows with said central core 
legs, a primary winding and a secondary winding ar 
ranged on side-by-side portions of said central core leg 
within said windows, means forming a leading current 
circuit including a capacitor and said secondary winding 
and at least one fluorescent lamp and said primary wind 
ing all in series, and said central core leg having a pair 
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of spaced transverse slots forming bridged-gaps therein, 
one of said bridged-gaps being located essentially in the 
magnetic circuit of the leakage flux of only said second 
ary winding, and the other bridged-gap being located at 
substantially that end of the secondary winding that is 
closer to the primary winding. 

22. A high reactance ballast transformer comprising 
a shell type magnetic core having an elongated central 
core leg and a pair of yoke core legs defining coil receiv 
ing windows with said central core leg, a primary wind 
ing and a secondary winding arranged on side-by-side por 
tions of said central core leg within said windows, said 
central core leg having first transverse slot means forming 
at least one bridged-gap in the magnetic circuit of the 
secondary winding adjacent that end of the secondary 
winding which is closer to the primary winding and hav 
ing second transverse slot means forming additional 
bridged-gaps in the magnetic circuit of said secondary 
winding, said additional bridged-gaps being spaced from 
the first mentioned gap in the direction towards the oppo 
site end of the secondary winding and providing a com 
bined core restriction greater than the core restriction of 
said first mentioned gap. 

23. Ballast apparatus for starting and operating fluor 
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escent lamps comprising a high reactance transformer in- 25 
cluding a shell type magnetic core having an elongated 
central core leg and a pair of elongated yoke core legs 
defining coil receiving windows with said central core 
legs, a primary winding and a secondary winding arranged 
on side-by-side portions of said central core leg within 
said windows, a capacitor connected in series with said 
secondary winding for connection in series with a fluores 
cent lamp across said primary winding, and said central 
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O 
core leg having first transverse slot means forming at least 
one bridged-gap in the magnetic circuit of the secondary 
winding adjacent that end of the secondary winding which 
is closer to the primary winding and having second trans 
verse slot means forming additional bridged-gaps in the 
magnetic circuit of said secondary winding, said addi 
tional bridged-gaps being spaced from the first mentioned 
gap in the direction towards the opposite end of the 
secondary winding and providing a combined core re 
striction greater than the core restriction of said first 
mentioned gap. 
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