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1 (Clains. (C. 35-88) 

This invention relates to inaproVerentS is 
gaseous discharge tube lighting Systems in Which 
the tube, load comprises a plurality of gaseous 
discharge tubes, connected, ii. series acroSS. the. 
output terminals. of a step-up transformer and 
in which provision is a de for breaking down 
the series connected tubes in turn by the applica 
tion of a breakdown potential lower than the 
Sun of their individual breakdown potentials. 

Examples of the type of gaseous discharge tub8 
lighting systems to which the present invention is 
particularly applicable are disclosed in my U. S. 
Patent No. 2,438,409, granted February 24, 1948. 
In one of the gaseous discharge tube lighting 

Systems disclosed in the above mentioned patent, 
the tube load consists of a pair of tubes co 
nected in series across the output terminals of 
a step-up transforminer, with a Series coindenser 
and a by-pass condenser connected in the tube 
circuit so that the tubes are broken down in 
quick succession by application of a breakdown 
potential lower than the Sun of their individual 
breakdown potentials. The Secondary of the 
transformer employed in this two-tube circuit is 
in Series with the condensers and has a high 
inductive reactance which offsets or is balanced 
against the leading load current to give a high 
power factor. It has been found that this method 
of obtaining a high power factor is characterized 
by Wave shape distortions which aire excessive, 
for certain commercial applications. 
One object of the present invention is to pro 

vide a two-tube System of the sane general char 
acter, as that disclosed in rily U. S. Patent No. 
2,436,400 but in which a high power factor is 
obtained without major wave shape distortion. 
This object is achieved by the use of a trans 
former in which the inductive reactance of the 
transformer Secondary is kept low enough in 
relation to the impedance of the series and by 
pass condensers connected in the tube circuit to 
avoid major Wave shape distortions and in which 
the transformer core is provided With an air gap 
which has the effect of increasing the exciting 
current flowing in the transformer primary. This 
increased exciting current, which is inductive and 
lagging in nature, combines vectorially with the 
leading load current to give a high power factor 
current with mininnum. Wave shape distortion. 
This is an unusual way of obtaining power factor 
Correction. 

Another object of the invention is to ensure 
a more even distribution of current between the 
two series connected tubes following ignition 
thereof. This object is achieved by the provision 
of a Starter Switch through the agency of which 
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2 
the: by-pass condenser is rendered ineffective or 
cut, out of the circuit as Soon as the ionized and 
conductive condition of both tubes has been 
established. 

Other objects, advantages and characteristic 
features of the invention will be more readily 
UEnderstood from the following detailed descrip 
tion taken in connection with the accompanying, 
diaWings, in which 

Fig. 1 is a diagrammatic elevational view of. 
a transformer and other component elements of 
a ga SeCUS discharge tube lighting system embody 
ing my invention. 

Fig. 2 is a Wiring diagram of the system shown 
in Fig.1. 

Figs. 3 and 4 are views corresponding respec 
tively to FigS. 1 and 2 but showing a slightly 
iodified System. 

Fig. 5 is a view, similar to Fig. 1, but showing 
a Starter Switch included in the tube circuit. 

Fig. 6 is a view similar to Fig. 5 but showing. 
a slightly modified form of starter switch. 

in the gaseous discharge tube lighting system 
shown in FigS. 1 and 2, a step-up transformer 
5 is employed in conjunction with condensers 6 
and 7 to operate a pair of tubes 8 and 9 in series 
at a Voltage substantially lower than the sum 
of the individual voltages of the tubes. 
The transformer 5 is shown as a shell type 

transformer having a laminated core comprising 
an E-shaped Section and an I-shaped section 
ff. The outer legs 2 of E-section O are longer 
than the central leg 3 and are connected at 
their free ends by I-section f. The free end 
of central leg. 3 of I-section. O is spaced from 
I-Section to provide an air gap 4 of suitable 
high reluctance. 
The primary and Secondary transformer coils 
8 and are arranged on central core leg 3. 

in side by side relation with primary coil 6 
lying between Secondary coil. 7 and air gap 4. 
Primary coil 6 is energized by a source of alter. 
nating current energy 8 which may be of any 
Suitable voltage and frequency rating: 

Condensers 6 and 7 and tubes 8 and 9 are 
connected across the terminals of secondary coil 
it so that condenser 6 is in series with both 
tubes while condenser 7 is in series with tube 
9 and in parallel with condenser. 6- and tube a: 
In tracing the circuit, connections as shown 

in Fig.2 it Will be noted that terminals-20 and 2. 
of priinary coil 6 are connected, by leads 22. and 
23, to terminals. 24 and 25 of the alternating cur 
rent potential Source 8. The right hand termi 
nal 2 of Secondary coil 7 is connected by lead 
28 to the right-hand-electrode. 29 of tube.9. The 
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left hand electrode 3O of tubes 9 is connected to 
the left hand electrode 3 of tube 8 by series lead 
32. The right hand electrode 33 of tube 8 is 
Connected to the tube side of condenser 6 by lead 
34. The transformer side of condenser 6 is con 
nected to the left hand terminal 35 of secondary 
Coil 7 by lead 36. The tube side of condenser 
is connected to series lead 32 at juncture 37 by 
lead 38. The transformer side of condenser T is 
Connected to lead 36 at juncture 39 by lead 40. 
Condenser 7 and its connecting leads 38 and 

40 provide a current limiting bleed connection or 
by-pass through which a limited amount of cur 
rent is initially shunted around tube 8 and 
through tube 9 to initially establish anionized and 
conductive condition of tube 9. The impedance 
Of tube 9 is thus reduced to a value at which the 
Voltage drop across Said tube is relatively low in 
Comparison with the Voltage required to initially 
establish an ionized and conductive condition of 
the tube. In this connection it will be under 
stood that the capacitive reactance or impedance 
Of condenser should be high enough to limit the 
flow of by-pass current in tube 9 to an amount 
of Current Which is just Sufficient to establish and 
maintain the ionized or conductive condition of 
said tube. As Will be hereinafter apparent this 
limitation of the amount of by-pass current in 
itially supplied to tube 9 is necessary to keep the 
ultimate foW of Operating current in this tube 
Within proper limits. 
In the ionized and conductive condition of 

tube 9 the potential available across the elec 
trodes of tube 8 is immediately effective to estab 
lish an ionized and conductive condition of tube 
8 and to cauSe Sufficient Operating current to flow 
through the Series connected condenser S and 
tubeS 8 and 9 to establish and maintain in both 
Of Said tubes the current density required for 
Satisfactory operation. In this connection it will 
be understood that condenser 6 is designed to act 
as an impedance limiting current flow in tubes 8 
and 9 to the current limits for which the tubes 
are designed. For example, in the case of a 
40-watt tube the current limit is approximately 
of the order of 410 to 430 milliamperes. 
The System shown in Figs. 1 and 2 has highly 

Satisfactory power factor and wave shape char 
acteristicS due largely to the provision of the gap 
4 in the core structure of the transformer. By 

Virtue of this gap, the exciting current in the 
primary coil is greatly increased and this current, 
being inductive and lagging in nature, offsets the 
leading load current to an extent sufficient to 
give a high power factor of over 90% with good 
Current distribution and minimum wave shape 
distortion. In this connection, it will be under 
stood that the lagging exciting current com 
bines vectorially with the leading load current to 
give a high power factor current which is less 
than either the exciting current alone or the load 
Current alone. 

It would be possible, in a system of the type 
shown in FigS. 1 and 2, to obtain a high power 
factor by the use of a transformer having a 
Secondary coil 7 of Sufficiently high inductance 
but this method of obtaining a high power factor 
is characterized by the excessive wave shape 
distortion. By providing the gap 4 in the core 
Structure of the transformer, the present inven 
tion makes it possible to obtain the desired high 
power factor with a secondary coil of sufficiently 
low inductance to avoid major wave shape dis 
tortion, 

In Some cases it has been found that in a 
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4. 
System of the type shown in Figs. and 2, the 
effects obtained are Somewhat improved by pro 
Viding a jumper connection 42 between the pri 
mary and Secondary coils 6 and 7. 
ASSunning that the Series connected tubes 8 

and 9 are 40-watt tubes and that the input to 
the transformer is 110 volts 60 cycles, the ratio 
of the primary to the secondary winding of the 
transformer should be approximately 1 to 5 so 
that the voltage across the output terminals of 
the transformer will be approximately 500 volts. 
In this case, the Series condenser 6 should have 
an impedance Value of approximately 1.85 and 
the bypass condenser 7 should have an impedance 
value of approximately 0.15. 

FigS. 3 and 4 illustrate a slight modification 
in which the outer legs 2 as well as the inner 
leg 3 of E-section 10 of the transformer core are 
Separated from the I-Section by an air gap 4a 
corresponding to the air gap 4. This modifica 
tion has certain advantages from a transformer 
manufacturing standpoint. 
The System shown in Fig. 5 includes a starter 

SWitch 50 which functions to cut by-pass con 
denser 7 out of the circuit after both of the tubes 
8 and 9 have been ignited. This arrangement 
enSures a more even distribution of current be 
tween the two tubes following ignition thereof. 

SWitch 50 is here shown as a standard thermal 
starter Switch comprising heating coil 5?, station 
alry contact 52 and movable bi-metallic contact 
53. Heating coil 5 is inserted in the series lead 
32 connecting the left hand electrodes of tubes 8 
and 9. Contact 52 is connected to series lead 32 
at junction 54. Contact 53 is connected to the 
tube Side of condenser 7 by conductor 55. In the 
Cold condition of heater coil 5, contacts 52 and 
53 are engaged with each other to close the cir 
cuit between the condenser 7 and series lead 32. 
In the Operation of the system shown in Fig. 5 

an ionized and conductive condition of tube 9 is 
initially established by the small amount of cur 
rent Which is by-passed through condenser 7 and 
through the closed contacts and heater coil of 
thermal SWitch 50. Tube 8 is then ignited as de 
Scribed in connection with Figs. 1 and 2 and the 
full required current is allowed to flow through 
both tubes. Since the heater coil 5 of thermal 
SWitch 50 is in series with both tubes, it will be 
Seen that when both tubes are ignited, this coil 
Will carry the full tube current plus the bleeder 
Current by-passed through condenser 7 and ther 
mal SWitch contacts 52 and 53. The resulting 
heating of coil 5, causes the bi-metallic SWitch 
contact 53 to bend and move away from contact 
52, thereby cutting condenser 7 out of the circuit. 
Since the heating coil 5, is in series with both 
tubes, the full tube current flowing through this 
Coil generates Sufficient heat to maintain the bi 
metallic contact 53 in its open-circuit position. 
In the System shown in Fig. 6, the thermal 

starter Switch. 5) is replaced by a resistance type 
starter SWitch 57. As here shown, switch 57 CO 
prises a heater resistance coil 58, a stationary 
Contact 59 and a movable bi-metallic contact 60. 
The tube side of condenser T is connected by 
conductor 6 to One end of coil 58 and to sta 
tionary contact 59. The other end of coil 58 and 
the bi-metallic contact 60 are Commonly con 
nected by conductor 62 to series lead 32 junc 
tion 63. In the cold condition of the heater re 
Sistance coil 58, the bi-metallic Contact 60 is 
closed against the stationary contact 59. 
In the operation of the system shown in Fig. 6 

an ionized and conductive condition of tube 9 is 
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initially established by the small amount of cur-. 
rent which is by-passed through condenser 7 and 
through the parallel paths provided by the coil 
58 and contacts 59 and 6 of starter switch 5. 
When both of the tubes 8 and 9 have been ignited 
and the full current required is flowing there 
through, the bi-metallic switch contact 60 is heat 
ed and caused to bend and move away from the 
Stationary contact 59, thereby opening the circuit 
at these contacts and rendering the condenser . 
ineffective-by reason of the high resistance of the 
resistance heater coil. 58. The small current fiow 
ing through coil 58 when both tubes are in opera 
tion is Sufficient to maintain the bi-metallic con 
tact 60 in its open circuit position. 

Having thus described the nature of my inven 
tion and Several applications thereof, it will be 
understood that various modifications may be re 
Sorted to within the scope and spirit of the ap 
pended claims. 

Having thus described my invention, what I 
claim is: 

1. In a gaseous discharge tube lighting system, 
a transformer including a core provided with an 
air gap and primary and Secondary windings 
arranged on Said core the primary coil being con 
nected across a source of alternating current of 
predetermined frequency, a tube circuit compris 
ing a pair of gaseous discharge tubes connected 
in Series with each other across the output ter 
minals of the transformer, a series condenser 
connected in the tube circuit in series with both 
tubes, a by-paSS impedance connected in the 
tube circuit in Series. With One tube and in para 
lel with the other tube, the transformer second 
alry being arranged to have an inductive react 
ance in the operating frequency which is lower 
than the impedance of the said series condenser 
and the by-pass impedance at the operating fre 
quency to avoid majol wave shape distortions, 
and the transformer primary by reason of the air 
gap carrying an appreciable exciting current, the 
arrangement of the system being such that the 
exciting current is inductive and lagging in na 
ture, and combined vectorially, with the leading 
load current to provide a high power factor oper 
ation with a minimum of wave shape distortion. 

2. A System as set forth in claim 1 including 
a jumper lead-connection interconnecting the 
primary and secondary Windings of the trans 
former. 

3. A System as set forth in claim 1 including 
means for effecting Substantially uniform dis 
tribution of current between the two tubes when 
both of said tubes have been ignited, said means 
comprising an automatic device which operates 
to interrupt current flow through the by-pass 
impedance in response to the establishment of 
current flow in both of Said tubes. 

4. A system as set forth in claim 1 including 
a thermal switch device connected in the tube 
circuit so that said device operates in response 
to the establishment of current flow in both of 
Said tubes to interrupt the flow of current through 
said by-pass impedance. 

5. In a gaseous discharge tube lighting SyS 
tem, a shell type transformer comprising a core 
structure having outer and central Core legs with 
an air gap at one end of the central leg, primary 
and secondary windings arranged on the central 
core leg in side by side relation at One side of the 
air gap with the primary winding lying between 
the secondary winding and the air gap the pri 
mary coil being connected across a Source of 
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6 
alternating current of predetermined frequency, 
a tube circuit comprising a pair of gaseous dis-, 
charge tubes connected in series across the Sec 
Ondary output, terminals of said transformer, a 
Series condenser connected in the tube: circuit. 
in Series with both tubes and a by-pass imped 
ance. COnnected in the tube.circuit in Series with 
One tube and in parallel with the other tube, and 
the Series condenser, the transformer secondary 
being arranged to have an inductive reactance at. 
the Operating frequency which is lower" than the: 
impedance of the Said series condenser and by 
paSS impedance at the operating frequency to 
avoid major wave shape distortions, and the 
transformer primary by reason of the air gap. 
carrying an appreciable exciting current, the. 
arrangement of the System being such that the 
eXciting current is inductive and lagging in na 
ture and combines vertorially with the leading 
load current to provide a high power factor op 
eration with a minimum of wave shape distor 
tion. 

6. In a gaseous discharge tube lighting system, 
a transformer comprising a core structure in 
cluding end members and laterally spaced outer 
and inner core legs extending between said end 
members, the outer core. legs being terminally 
joined to both end members and the inner core 
leg being terminally joined to one end member 
and Separated from the other end member by an 
air gap, primary and secondary windings ar 
ranged on the core leg in side by side relation 
with the primary winding lying between the sec 
Ondary winding and the air gap, the primary coil 
being connected across a source of alternating 
Current of predetermined frequency, a tube, cir 
cuit connprising a pair of gaseous discharge tubes 
connected in Series with each other across the 
output terriinals of the transformer, a series 
condenser connected in the tube circuit in series 
With both tubes and a by-pass impedance con 
nected in the tube circuit in series with one tube 
and in parallel with the other tube, the trans 
former Seconday being arranged to have an in 
ductive reactance at the operating frequency 
which is lower than the impedance of the said 
Series condenser and by-pass inpedance at the 
Operating frequency to avoid major wave shape 
distortions, and the transformer primary by rea 
Son of the air gap carrying an appreciable excit 
ing current, the arrangement of the system be 
ing Such that the exciting current is inductive 
and lagging in nature and combines vertorially 
with the leading load current to provide a high 
power factor operation with a minimum of wave 
shape distortion. 

7. A gaseous discharge tube lighting system, 
a transformer comprising a core structure in 
cluding end members and laterally spaced outer 
and central core legs extending between said end 
members, all of Said core members being termi 
nally joined to one of said end members and being 
Separated from the other end member by an air 
gap, a primary and a secondary winding ar 
ranged on the central core leg with the primary 
Winding lying between the secondary Winding 
and the air gap, the primary coil being connected 
across a Source of alternating current of prede 
termined frequency a tube circuit comprising a 
pair of gaseous discharge tubes connected in se 
ries with each other across the output termi 
inals of the transformer, a series condenser con 
nected in the tube circuit in series with both 
tubes, and a by-pass impedance connected in the 
tube circuit in series with one tube and in parallel 
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with the other tube, the transformer secondary 
being arranged to have an inductive reactance 
at the operating frequency which is lower than 
the impedance of the said series condenser and 
by-pass impedance at the operating frequency to 
avoid major wave shape distortions, and the 
transformer primary by reason of the air gap 
carrying an appreciable exciting current, the ar 
rangement of the system being such that the 
exciting current is inductive and lagging in na 
ture and combines vectorially with the leading 
load current to provide a high power factor Oper 
ation with a minimum of wave shape distortion. 

8. A gaseous discharge tube lighting System 
comprising, in combination, a transformer, a 
tube circuit including a pair of gaseous discharge 
tubes connected in Series with each other acroSS 
the out-put terminals of the transformer, a Se 
lies condenser connected in the tube circuit in 
series with both tubes, a by-pass impedance CCn 
nected in the tube circuit in series With One tube 
and in parallel with the other tube and means 
operating automatically in response to the eS 
tablishment of current fiOW in both till hes to eliini 
nate the unequal current distributing effect of 
the by-pass impedance. 

9. In a gaseous discharge tube lighting Sys 
tem, a transformer, a tube circuit including a 
pair of gaseous discharge tubes connected in Se 
ries with each other across the output terrainals 
of the transformer, a series condenser connected 
in the tube circuit in series with both tubes, a by 
pass impedance connected in the tube circuit in 
series with one tube and in parallel with the 
other tube and a normally closed thernal switch 
connected in the tube circuit so that the opening 
of the Switch contacts by the heating effect of 
current passing through the heating coil of the 
Switch serves to open circuit the bypass in pedia 
ance, the heating coil of said Switch being con 
nected in circuit in Series with both of said tubes. 

10. In a gaseous discharge tube lighting sys 
tem, a transformer, a tube circuit including a pair 
of gaseous discharge tubes connected in series 
with each other acroSS the output terminals of 
the transformer, a series condenser connected in 
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8 
the tube circuit in series with both tubes, a by 
pass impedance connected in the tube circuit 
in series with one tube and in parallel with the 
other tube, the transformer side of said series 
condense and the transformer Side Of Said by 
pass impedance being connected to the same out 
put terminal of the transformer anr the tube side 
of the by-pass impedance being connected to the 
series connection between the tubes through a 
normally closed starter Switch which operates in 
response to the establishment of current flow in 
both of Said tubes to open circuit Said by-pass 
impedance. 

11. In a gaseous discharge tube lighting sys 
tem, a transformer, a tube circuit including a 
pair of gaseous discharge tubes connected in se 
ries with each other across the output terminals 
of the transformer, a thermal starter switch in 
cluding a heating coil, a stationary switch con 
tact and a movable bi-metallic switch contact 
normally engaged with the stationary contact, 
Said heating coil being inserted in the series 
connection between Said tubes, a series condenser 
connected in the tube circuit in series with both 
tubes and a by-pass impedance connected in the 
tube circuit in series with one tube and in parallel 
With the other tube, the transformer side of said 
series condenser and the transformer side of said 
by-paSS in pedance being connected to the same 
terminal of the transformer and the tube side of 
the by-pass impedance being connected through 
the contacts of the starter switch to the series 
Connection between said tubes. 

MAX NATHANSON. 
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