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1. 

My invention relates generally to electrical 
lighting systems and applications, and more par 
ticularly concerns a fluorescent tube lighting sys 
tem and the several parts comprising the Same. 
An object of my invention is to provide a 

fluorescent tube lighting system which is Simple 
and inexpensive of production; which is highly 
efficient, economical and certain in operation, at 
the same time insuring instant starting of the 
tubes, and subsequent maintenance thereof, in 
certain manner under even the most adverse 
weather conditions; and which has a high Sys 
tem, power-factor with low stroboscopic effect, 
and in which the tube currents are effectively 
controlled. 
Another object is to provide a power unit for 

a fluorescent tube lighting system which is uni 
tary and compact, involving a minimum of Space 
requirements; which is comprised of component 
parts which are in themselves simple and eco 
nomical of production; and which is sturdy and 
reliable in operation, having long useful life and 
involving a minimum-iron and copper content, at 
the same time giving rise to highly efficient, re 
liable and economical system operation. 

Yet, another object is to provide a transformer 
and associated iron core choke coil for use in a 
fluorescent tube lighting system where initial 
costs are to be at a minimum and Where: Space 
requirements are at a premium, but where reli 
able and efficient operation is required. 
Other advantages in part will be obvious and 

in part more fully pointed out hereinafter dur 
ing the course of the following description. 

Accordingly, my invention resides in the sev 
eral parts, elements and features of construction, 
as well as in the combination of each of the same 
with one or more of the others, the scope of the 
application of all of which will be more fully 
set forth in the claims at the end of this speci 
fication. - 

Throughout the several views of the drawings, 
wherein I have disclosed that embodiment of 
my invention which I prefer at present, and in 
which like reference characters denote like parts: 

Figure 1 is a schematic wiring diagram, dis 
closing the basic principles of my invention; 
While 

Figure 2 is a view, partly in perspective and 
partly schematic, disclosing the power unit ac 
cording to my invention as installed in a prac 
tical embodiment. . 
As conducive to a more thorough understand 

ing of my invention, it may be noted at this point 
that wide acceptance in the arts, commerce and 
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industry, has been achieved by fluorescent tube 
lighting systems. The growth has been so rapid 
that fluorescent tube lighting is closely approach 

in incandescent lighting in popularity. 
Equipment displaying better and better operat 
ing characteristics is produced, while both pro 
duction and operating costs are undergoing con 
Stant reduction. 
Savings in the amount of copper and iron em 

ployed are constantly sought for. Reduction in 
the space requirements of the operating units 
is a constant objective. Efforts are continuously 
being made to reduce the cost of the power unit 
required and yet maintain satisfactory operating 
characteristics. - 

An important object of my invention, there 
fore, is to provide a compact, inexpensive and 
efficient power unit for operating a pair of fluo 
rescent tubes with unobjectionable stroboscopic 
effect, satisfactory power-factor and instant 
starting under the varying conditions of actual 
Se. - 

In accordance with the practice of my inven 
tion, I operate paired fluorescent tubes from a 
transformer common to both of them. Prefer ably, although not necessarily, this transformer 
has a shell-type core, and the primary and sec 
Ondary windings are mounted on the central leg 
thereof, preferably but not necessarily side-by 
side, in autotransformer connection. Now, to insure good operating characteristics, 
With high system power-factor, I connect the two 
fluorescent tubes in series with each other, and 
with the transformer. An iron core inductive 
reactance also is included in this series circuit, 
preferably being introduced between the second 
alry winding of the transformer and the fluores 
cent tube to which it is connected. This series 
has a choke to prevent excessive current while 
the tubes are in their conductive condition. I 
also connect a condenser across one tube, prefer 
ably across the reactance and the tube to which it is immediately connected. This permits ini 
tial Striking of the unshunted tube followed by 
striking of the shunted tube. The voltage re 
quirements of the transformer are only that of 
one tube. 

In my novel construction, the close-coupled 
transformer is compact and inexpensive. More 
over, the inductance likewise is compact and in expensive. Additionally, I am enabled to achieve 
the further simplification of forming the trans 
former secondary winding and the choke coil 
winding of the same size wire since a common 
current flows through both. A substantial saving 
in manufacturing costs thus is achieved. 
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For a more precise understanding of my light 
ing System and apparatus, reference is had more 
particularly to the schematic embodiment illus 
trated in Figure 1 of the accompanying drawing 
Wherein the transformer is indicated generally 
by the reference number 0. It consists of a 
Shell-type iron core indicated generally at , 
having a central leg A and outer legs fB, 
C disposed parallel with and in spaced relation 

to the central leg f , one on each side thereof. 
The core is completed by end pieces f D and 
f E. A primary Winding 2 and a secondary 
Winding 3 are disposed on the central leg A. 
Leads 4, 5 extend from the extremities of the 
primary 2 to a Suitable Source of alternating 
Current power, indicated generally at 6. 

For reasons which will be developed more par 
ticularly hereinafter, the primary and secondary 
WindingS 2 and 3 are disposed side-by-side 
On the central leg A. That is, they are not 
dispOSed in Superimposed relation, one on top of 
the other. It will be noted that the transformer 
Windings are close-coupled, the Only flux leakage 
being to the air from the margins of the core. 
Preferably, although not necessarily, the primary 
and Secondary Windings are connected in auto 
transformer connection. Such connection is en 
tirely permissible, under the regulations of the 
Fre Underwriters, for potential of 600 volts or 
less. Illustratively, the primary may be wound 
for 118 volts while the Secondary is wound for 
332 volts, giving an output potential for the auto 
transformer Of 440 voltS. 
To achieve a high degree of economy, the Wind 

ing 2 is constructed of wire of sufficient di 
ameter to carry the higher primary current, 
While the Winding 3 is formed of Wire Size just 
Sufficient to carry continuously the prevailing 
Secondary current. For two 40 Watt fluorescent 
tubes, this amounts to approximately 0.9 am 
peres. With the current-carrying capacities of 
the Windings 2 and 3 being accurately deter 
mined, and as well, the number of turns of both 
primary and Secondary windings being nicely 
Selected for inducing the proper secondary volt 
age, the minimum copper requirement is a C 
curately determined, and is maintained at a 
very low figure. 

The central leg A of the transformer core is 
dimensioned to carry, just short of magnetic 
Saturation, the maximum flux required for in 
ducing the required secondary voltage, while the 
outer members B, C, D and E are di 
mensioned as to accommodate, just short of 
magnetic Saturation, about one-half of the maxi 
mum flux coursing the central leg A. 
Minimum iron content is determined by main 

taining the core length at the Smallest possible 
value consistent with placing the primary and 
Secondary windings 2 and 3 in side-by-side 
relation thereon, and by insuring that the Spac 
ing between outer legs B and fC, on the 
one hand, from the central leg B on the other 
hand, is maintained at the Smallest possible value 
consistent with Suppression of mutual induction 
between the central and Outer legs. That is, 
the pieces f D and E are maintained at mini 
mum length. In this manner, and by the observ 
ance of the several precautions hereinbefore re 
cited, the greatest possible transformer efficiency 
is achieved, both from an operational and prac 
tical, economical standpoint, and both the first 
costs and the costs of Subsequent operation are 
brought to a theoretical minimum. 
From a manufacturing standpoint, the COst is 
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4. 
minimized since the elements of the transformer 
are of the greatest possible simplicity. To facili 
tate simplicity in manufacture, although the foll 
lowing does not necessarily constitute a material 
part of my invention, the Outer legs B and C 
may be formed with integral end pieces D and 
E giving a pair of generally C-shaped core 

pieces abutting the linear central leg A (see 
Fig. 2), the Several elements being tightly clamped 
together against chattering. 

Paired fluorescent lamps 8, 9, in the present 
instance comprising conventional 40 Watt lamps, 
although this is not an essential prerequisite, are 
connected in series with each other through leads 
20 and 2, joined together at junction 22. A 
current-limiting choke indicated generally at 
23 is likewise connected in Series with the tubes 
8 and 9 by means of a lead 24 between One 
terminal of tube 8 and a corresponding terminal 
Of choke coil Winding 25. The ensemble con 
sisting of the choke 23 and tubes 8 and 9 is 
connected to the transformer auto-connected 
Windings 2 and 3, in part by means of lead 
26 extending from tube 9 to lead f4, Which it 
joins at junction 27, and in part by lead 28 ex 
tending from choke coil winding 25 to junction 
29 with lead as shown in Figure 1. 

Novelty resides in the construction of the iron 
choke 23. The core thereof is of generally E 
shaped configuration, having an end portion 30A 
and Outer legs 30B and 30C. These latter abut 
against one of the end pieces D, E of the 
transformer core , in Figure 1 shown as com 
prising the end member E. Thus the E-shaped 
choke core is disposed towards the transformer O 
and abuts. Snugly thereagainst. The central leg 
30D of the choke core 23 extends towards, but 
terminates short of, the end member E of the 
transformer core, so as to provide an included 
air-gap 30E which tends to SuppreSS Within cer 
tain calibrated limits the coursing of flux induced 
by the choke coil winding 25 within the core 30. 
As is evident from consideration of the Figure 
2, the width of the transformer and choke cores 
are identical so that the tWO elements nest 
Snugly against each other, in neat compaSS. 

I have provided for effective starting and for 
effective and efficient and subsequent operation, 
however, through the provision of an ingenious 
expedient, simple in itself. That is, I insert a 
condenser 32 of appreciable capacity in shunted 
relation across the choke 23 and its associated 
Series-connected tube 8, by means of leads 33 
and 34 extending between junctions 29, 22. This 
condenser 32 is thus seen to be series-connected 
by means of lead 20 with tube 9, the unit com 
prising this condenser 32 and tube f 9 being in 
turn series-connected to the transformer by 
means of leads 7 and 25. Inspection will show 
that upon removal of the tube 9 from its socket 
the entire Secondary System is de-energized, 
while upon removal of tube 8, it is still possible 
for the tube 9 to operate through the path in 
cluding condenser 32, shunting out tube 8 and 
choke 23. m 

The function of the choke 23 is of course to 
serve as a current-limiting device for the Series 
connected tubes 8, 9, which possess negative 
resistance characteristics. That is, the charac 
teristics of these tubes is that once the arc is 
struck, the internal resistance across the arc de 
creases tremendously. By consequence, currents 
of large value tend to course through the tubes. 
This would result in rapid destruction thereof un 
less current-limiting means are provided. 
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The effect of the introduction of the con 
denser 32 is that initially, with static conditions 
maintaining, the transformer potential in large 
measure is impressed across the condenser 32 and 
tube 9. Since at this instant the tubes are in 
their non-conductive conditions and no current 
flows substantially the entire transformer Volt 
age is impressed across the terminals of the tube 
9. This tube then ignites. 
Immediately upon the striking of the arc in 

tube 9 the internal resistance of the tube falls 
off appreciably, so that the voltage necessary to 
maintain the arc already struck likewise lowerS 
to a comparatively small value. Accordingly, 
substantially all of the secondary voltage with the 
exception of the small amount required to main 
tain the arc in tube 9, is impressed across the 
terminals of the tube 8. The ensemble of choke 
23 and tube 8 now displays less resistance that 
does the condenser 32 because the impedance of 
condenser 32 assumes its normal value with the 
flow of current supplied tube 9. The arc is there 
fore quickly established across tube 8, once tube 
9 has been ignited. 
The accompanying decrease in the internal ire 

sistance of tubes 8 and 9, would result in the 
flow of an excessive current, since the trans 
former C is of the close-coupled type, except 
for the choke 23. It will be noted that this choke 
is provided in the main secondary circuit, and is 
series-connected with the secondary Winding 3. 
Therefore, it carries the same current as the Sec 
ondary 3. For efficiency, it is formed of the 
same wire size. Thus, an additional factor of 
simplicity is thereby introduced, namely, that the 
choke and secondary Windings are Wound With 
the same size wire. As a result thereof only two 
sizes of wire are required in my power unit. 
The effect of the choke is of COUSe to induce 

a back magnetomotive force which develops a 
back electromotive force tending to buck the main 
secondary electromotive force, and through Self 
induction, diminishing the current flow first 
through the tube 9 and then, after the tube 8 
has struck, through tubes 8 and 9 together. 
io control in accurately predetermined manner 
the self-induction in the choke 23, I provide the 
air-gap 38F of calibrated dirnensions in the leg 
3D. 
The Stack of laminations Comprising central, 

Short, arrin 3D of the choke 23 is Cross-sectional 
ly dimensioned so as to carry the maximum flux 
which is required for proper choking action. The 
end-portion 30A and the Outer legs. 3B and 3CC 
have circss-sectional areas sufficient to carry ap 
proximately one-half of the flux which courses 
the central leg 3D. The number of turns of 
winding 25 and the current flowing therethrough, 
which of course is the current flowing through 
the main secondary winding, determine the mag 
netomotive force generated in the leg 39D and 
hence is determinative, along with the air-gap 
30E, of the choking effect of the choke 23, having 
given fixed cross-sectional areas of the legs 3A 
3D inclusive, as Well as Selected material fron 
Which the choke laminations are formed. 

It is preferred that the choke winding 25 be 
Wound in the Saline direction. Or phase as the pri 
mary coil 2, so that as the primary flux courses 
to the right in Figure 1, along central transformer 
leg A, the Secondary flux induced from the 
secondary Winding 3, and which courses central 
choke leg 36D, will pass to the left in Figure 1, 
across included air-gap 30E, and thence will split 
in transformer end piece E and pass upwardly 
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6 
and downwardly to, and back across, outer legs 
388, 3C of the iron core choke 23. During the 
reverse half-cycle of current flow, of course, the 
direction of coursing of both the primary flux 
and the choke flux will be in directions exactly 
opposite that just traced, as will be more fully 
pointed Outhereinafter. 

It is now in order, for precise understanding 
of the operation of my new system, to trace the 
several circuits involved. The primary circuit 
for a given half-cycle will be from the left side of 
the source of alternating current Supply 6, as 
seen in the drawing, through lead 4, across junc 
tion 2, to the left side of the primary winding 
E2. The primary current then courses across pri 
mary Winding 2 to the right aid thence through 
ead 5 back to the right side of Source 6. For 
the succeeding half-cycle, the current flow of 
course will be in the Opposite direction, 

For the first mentioned half-cycle of current, 
flow in the primary winding, the resulting sec 
on dairy potential is applied across lead 28, choke 
winding 25, and lead 24 to tube 8. Also, it is ap 
plied through lead 33 to condenser 32, lead 29 
and tube 9. Tube 9 is connected by way of 
lead 23, junction and lead if, to the left 
hand end of the primary Winding portion 2 of 
the auto-transforrier. 
The Voltage difference between leads and 28, 

however, is not, Sufficient to obtain the initial 
ignition of tine tubes 8 and 9 together. Thus, 
Open-circuit, conditions aaintain. Since at this 
point there is no current flow, full potential is 
applied by Way Of condenser 32 to the tube f. 
As soon as the tube 9 is rendered conductive, 

the voltage demand thereacross reduces appre 
ciably, due to the negative resistance character 
istic of the tube. Only a few volts is required 
to maintain the arc thereacross. Moreover, as 
Soon as the arc is struck across tube 9, a cur 
rent begins to flow. Now condenser 32 inter 
poses a substantial quadrature reactance, so that 
the shunt path around tube 8 and choke 23 now 
displays high impedance to the passage current 
therethrough. Substantially full transformer po 
tential is therefore impressed across tube 8 
(since in absence of current flow in choke 23 
there is no voltage drop there). The compara 
tively large Voltage which is now impressed acroSS 
tube 8 quickly Strikes the arc thereacross, and 
current flows through lead 28, through lead 2 f, 
junction 22, lead 29, choke 23, lead 24 to tube 8, 
thence through tube 9, across which the arc has 
already been struck, and back through lead 26, 
junction 27 and lead 4 to the left-side of the pri 
mary winding 2 of the autotransformer 2-3. 
With both tubes in conductive condition, the 

current flow across these tubes would be exces 
sive, up to the magnetic saturation values of the 
transformer core f , unless some current-limit 
ing means. Such as the choke 23 were interposed 
therebetween. Choke 25 admirably serves this 
current-initing function, and is So calibrated as 
to have an impedance under load conditions 
somewhat less than that of the condenser 32, 
So as to insure that tube 8 is energized during 
operation. Moreover, winding 25 of choke 23 is 
Wound in such direction as to be in phase with 
that of the primary winding i2. Air-gap 30E is 
interposed between the short, central leg 30D of 
the E-shaped choke core and adjacent end piece 
f E of the transformer core , so as to limit 
effectively the choking action of the member 
until current begins to flow intube 8. 
Now, with the flow of current established, both 
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tubes being ignited, and with the assumption that 
the secondary current flow is to the right in Fig 
ure 1, current flows through lead 7 away from 
the Secondary Winding 3 to junction 29. There 
a small quantity of current flows across lead 33, 
condenser 32, lead 34, junction 22, lead 20, tube 
9, and back through lead 26, junction 27, and 
lead 4 to the left-hide of the auto-transformer 
Winding. The larger portion of the current, how 
ever, courses from junction 29, down lead 28, 
across choke winding 25, lead 24, tube 8 and 
lead 2 to junction 22. From thence the flow is 
just the same as that traced With respect to the 
current flowing across the condenser 32. The 
amount of current in lamp 9 therefore SOme 
what exceeds that in lamp 8. This is not ob 
jectionable, however, because I find that greater 
current is required in tube 9 because of the ir 
regular Wave-form introduced by the condenser, 
in Order to give balanced illumination from the 
two tubes. 
During the reverse half-cycle of Secondary po 

tential the tubes 9 and 8 respectively are ren 
dered conductive as more fully discussed above. 
With both tubes in conductive condition, the Sec 
ondary current courses up from the left side of 
the auto-transformer through lead 4, to junction 
27, across lead 26 to tube 9 and lead 20 to junc 
tion 22. There Some of the secondary current 
courses lead 34, condenser 32, lead 33, junction 
29, and lead 7 back to the right side of the 
auto-transformer winding. Most of the secondary 
current, however, courses from junction 22, down 
lead 2, acroSS tube 8, up lead 24, through choke 
winding 25 and lead 28, back to junction 29. 
The course of the magnetic flux through choke 

23, for the direction of the primary current flow 
first traced, is to the left across short leg 30D 
of the choke core, across included air-gap 30E, 
to the right end portion E of the transformer 
core f, where it splits into two branch streams. 
While One Such branch stream joins One portion 
of the main magnetic flux in core piece E and 
courses up end-piece B to the right side of end 
portion 30B and down the web portion 30A back 
to the central leg 30D, the other branch stream 
joins the other portion of the flux in the main 
core and courses down end piece E to the right 
across leg 30C up web 3.0A and to the left across 
central leg 30D. During the next half-cycle of 
secondary current flow the direction of Coursing 
of the induced flux is just the reverse of that just 
traced. 

Since the choke winding 25 carries the same 
current as the secondary winding 3, they are 
wound of the same size wire. The physical di 
mensions of the choke core are so selected as to 
be at a minimum consistent with proper physical 
location of the choke winding 25. Thus, the 
amount of iron employed is at a minimum. 

It is my desire to provide a power unit Com 
prising the transformer, choke and condenser of 
minimum compass, and to correlate the Outer di 
mensions of these three component elementS SO 
that they nest Snugly against each other in end 
to-end abutting relationship, as can be more 
closely observed from consideration of the dis 
closure of Figure 2. It Will be seen that the trans 
former, the yoke of the choke and the condenser 
have substantially the same transverse cross-sec 
tion. The three elements are disposed in mini 
mum compass, and provide a Snug, compact and 
unitary construction. In Overall size, my power 
unit, including case and compound, is somewhat 
more compact than the currently used "ballast.' 
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8 
Consequently, it readily may replace the "ballast," 
and its necessary starter, in a lighting fixture. 
In the practice according to my new system, 

the transformer O is most compact, and is ren 
dered highly efficient because of the direct COu 
pling between the primary and secondary wind 
ings. In point of fact, I have found in practice 
that the coupling is so close that in order to limit 
the size and hence cost of the choke which will 
effectively limit the secondary current flow, it 
is desirable not to position the primary and Sec 
ondary winding one on top of the other, but to 
dispose them side-by-side so as to permit a cer 
tain amount of leakage from the shell-type COre. 
This provides an additional limiting factor or 
control, over and above that interposed by the 
choke and condenser. 

Oscillographic study discloses that highly Syn 
metrical and advantageous waveform is achieved. 
Without intending to be limited thereby, I at 
tribute this to the fact that the choke Core is in 
Series-connection. With both tubes. The iron COn 
tent of the transformer choke is reduced to a 
minimum, as has already been pointed out here 
inbefore. The number of different component 
partS is likewise reduced to a minimum, and these 
are of the simplest possible configuration. Only 
two Sizes of copper wire are required, and the 
copper Content itself is reduced to a minimum. 
Illustratively, the iron core transformer is ap 
proximately three by five inches in dimension, 
and the iron core choke is correspondingly small. 
While it is true that the condenser 32 is Some 

What larger than is Ordinarily used, it is not 
prohibitively large. Illustratively, where the 
condenser Ordinarily used for power-factor regul 
lation in a fluorescent tube lighting system oper 
ating two 40 watt tubes might be in the neigh 
borhood of 1.85 microfarads capacity, the con 
denser 32 as employed in my new assembly is of 
Say 2.00 microfarads capacity. Good power 
factor thereby is had in addition to substantial 
freedom from stroboscopic effect. 

Since it is apparent that once the broad as 
pects of my invention are disclosed, many em 
bodiments thereof will readily suggest them 
Selves to those skilled in the art, Iintend the fore 
going to be construed as merely illustrative, and 
not in a limiting sense. 
I claim: 
1. A fluorescent gaseous discharge tube light 

ing System comprising a source of alternating 
Current electical energy of predetermined fre 
Cluency, an auto-transformer having a shell-type 
Core With central leg upon which primary and 
Secondary Windings are disposed in side-by-side 
relation and connected together in series and 
With the primary winding thereof connected to 
Said Source, a pair of Series-connected fluorescent 
gaseous discharge tubes, an iron core reactor dis 
posed in abutting relation on one end of said 
transformer core with the winding on said re 
actor connected at one end to the transformer 
Secondary Winding and at the other end con 
nected to One end of said series-connected fluor 
eScent tubes, and a condenser shunted across said 
reactor and one only of said tubes, said other 
end of Said fluorescent tubes being connected to 
the primary Winding, and the reactor and trans 
former Secondary Winding being formed of the 
Same size Wire. 

2. A fluorescent gaseous discharge the lighting 
System comprising a Source of alternating cur 
rent electrical energy of predetermined fre 
quency, an auto-transformer having a shell-type 
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core with central leg upon which primary and 
secondary windings are disposed in side-by-side 
relation and connected together in Series and 
with the primary winding thereof connected to 
said source, a pair of series-connected fluorescent 
gaseous discharge tubes, an iron core reactor of 
shell-type construction disposed in abutting re 
lation to said transformer core with central leg 
thereof providing an air-gap to said core and 
With the winding on said reactor connected at 
one end to one end of the transformer Second 
ary Winding and at the other end to Said fluores 
cent tubes, and a condenser shunted acroSS Said 
reactor and associated tube, said other end of 
Said fluorescent tubes being connected to said 
primary winding, the reactor winding and pri 
nary being wound in the same direction or phase. 

3. A power unit for a fluorescent tube lighting 
System, comprising a transformer having pri 
mary and Secondary Windings mounted on an 
iron core and connected together in series, a 
choke coil having an iron core disposed at one 
end of Said transformer core, a condenser dis 
posed Snugly against a free end of the unit com 
prised of the transformer and choke cores, and 
means connecting together one end of each of 
Said transformer secondary, choke coil and con 
denser. 

4. A power unit for a fluorescent tube lighting 
System, comprising a transformer having a shell 
type core with auto-transformer-connected pri 
mary and Secondary windings positioned on the 
central leg thereof, a choke coil having an 
E-shaped iron core disposed at one end of said 
transformer core with the outer legs of the E-core 
abutting against the transformer and the central 
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leg extending towards but terminating short of 
Said transformer core to povide an included air 
gap, and a condenser disposed Snugly against a 
free end of the unit comprised of the transformer 
and choke COres, One end of each of said trans 
former, choke and condenser being electrically 
Connected together, and With the other ends of 
said transformer, choke and condenser adapted 
to be connected to fluorescent tubes. 

5. In a power unit, the combination of a trans 
former having a shell-type core and primary 
and Secondary Windings disposed side-by-side in 
auto-transformer connection on the central leg 
thereof, and a choke coil having an E-shaped 
core With the Outer legs directed towards and 
abutting against one end of said transformer 
core and With its central leg extending towards 
but terminating short of said end to provide an 
air-gap, said choke coil being of the same wire 
size as Said secondary winding and connected 
in Series thereWith and wound in the same elec 
trical direction as said primary. 

JOHN HEROLD BRIDGES. 
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