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This invention relates to transformers for 
furnishing the filament heating current for a 
hot cathode electric discharge tube and for 
furnishing also the discharge current for the 
tube. 

It is one of the objects of the present inven 
tion to provide a transformer for the above men. 
tioned purposes which will automatically regul 
late the filament voltage and current as the re 
quirements change in going from starting condi 
tions to normal operating conditions, and which 
will automatically regulate the applied ignition 
voltage as the requirements change from the 
high initial voltage required to start the dis 
charge to the lower voltage required after the 
glow discharge has started. 

It is a further object of the present invention 
to provide a transformer which will operate a 
hot, cathode electric discharge device in the man 
ner above set forth when connected thereto, with 
out requiring any additional external equipment. 

It is another object of the present invention 
to provide a transformer of the above mentioned 
character which will be quite compact and which 
will be economical of construction and efficient in 
operation. 

It is a still further object of the present in 
vention to provide a transformer of the above 
character which will provide sufficient filament 
current to cause a very quick start of the glow 
discharge and which will thereafter immediately 
reduce the filament current to a low value to pro 
long the life of the filament. 
In the preferred embodiment of the present in 

vention the filament voltage is obtained from two 
series connected transformer coils which are so 
located on the core that the voltage of one of 
them is determined by the flux through the trans 
former primary, the voltage of the other being de 
termined by the fiux through the transformer 
secondary. The coils are connected so that their 
voltages are additive upon energization of the 
transformer primary and before the Secondary 
is furnishing any ignition current. When ig 
nition takes place lamp current flows through the 
secondary. The secondary flux actually Substan 
tially reverses itself so that the voltages of the 
two filament coils are then out of phase approxi 
mately 160°. 
The attainment of the above and further ob 

jects of the present invention will be apparent 
from the following Specification taken in Con 
junction with the accompanying drawing form 
ing a part thereof. 
In the drawing: 
Figure 1 is a diagrammatic view of a trans 
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former constructed in accordance with the princi 
ples of the present invention; and 

Figure 2 is a circuit diagram showing the con 
nections of that transformer to a hot cathode 
lamp. v 

In the accompanying drawing like reference 
numerals designate like parts throughout. 
The transformer of the present invention, in 

dicated in general by the reference numeral , 
includes a conventional shell type magnetic struc 
ture comprising open rectangular laminations 2 
stacked to form a group of sufficient thickness, 
and a stack of core laminations 3 on which are 
mounted the transformer coils and which core 
iaminations 3 with the windings assembled there 
on are then positioned in the shell laminations 
2 to provide substantially no gap at the abutting 
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joints 4-5, and to provide magnetic shunts 6-6 
for leakage flux from the core 3 to the longitudi 
nal sides 7-7 of the shell 2 substantially mid 
way of the length of the transformer, which 
shunts include equal air gaps 8-9. These air 
gaps are of a combined thickness of the order 
of .035 inch. This is a standard shell type mag 
netic structure for transformers that Supply cur 
rent to hot cathode type of fluorescent lamps. 
The coils of the transformer include a group 

of primary coils O and a similar but not iden 
tical group of Secondary coils . The primary 
coil group 0 includes a primary coil or winding 
2 and two auxiliary coils 3 and 4 concentric 

therewith. The coils 2, 3 and 4 are all Wound 
in the same direction, the primary coil 2 being 
on the inside and surrounded by the coil 3 which 
in turn is surrounded by the coil 4. The coils 
f2, 3 and 4 are suitably insulated for the volt 
ages encountered. The Secondary coil assembly 

likewise includes a central secondary coil 5 
surrounded by an auxiliary coil 6 which in turn 
is surrounded by another auxiliary coil 7, the 
three coils being all wound in the same direc 
tion and suitably insulated for the voltages en 
countered. In one preferred construction the 
primary coil f2 had 780 turns and the auxiliary 
coils 3 and f4 each had 55 turns, the three coils 
being of number 27% wire. In that same con 
struction the secondary 5 had 840 turns and the 
auxiliary coils 6 and 7 each had 60 turns, those 
three coils being of number 28 wire. 
The primary 2 is connected to a Source of 60 

cycle alternating current. The primary auxiliary 
coil 3 and the Secondary auxiliary coil 7 are 
connected in series and supply heating current 
to the heating filament 20 of a conventional fila 
ment type hot cathode fluorescent lamp 2. The 
primary auxiliary coil and the Secondary auxil 
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iary coil 8 are connected in series and supply 
heating current to the heating filament 22 of 
the lamp 2. The secondary 5 is connected in 
step-up auto transformer relationship with the 
primary f2 and supplies the ignition current for 
the lamp 2 f. 
Beforeignition takes place in the lamp, that is, 

when the cathodes 24-25 of the lamp are open 
circuited, the voltages of the coils 2 and 3 are 
additive and the voltages of the coils 5 and 6 
are additive. The voltage of the coil 4 is addi 
tive to the voltages of the coils 5 and 6, and the 
voltage of the coil 7 is additive to the voltage of 
the coils f3 and 2. It is thus apparent that the 
voltage applied to the filament 20 is the sum of 
the voltages induced in the coils 4 and 7, which 
voltages are substantially in phase, and the volt 
age applied to the filament 22 is the sum of the 
voltages induced in the coils 4 and f6, which volt 
ages are also substantially in phase. In the con 
struction above set forth the voltages induced in 
each of the coils 3 and 4 was of the order of 
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Seven volts, and the voltages induced in each of 
the coils 6 and 7 was in each case of the order 
of eight volts before ignition takes place between 
the cathodes 24-25. After ignition takes place 
the voltages across the coils 3, 4, 6 and 
drop in each case to of the order of six and 
three-quarters volts. However, after lamp igni 
tion takes place and lamp current flows between 
the cathodes, the secondary flux actually sub 
stantially reverses itself so that the voltages in 
the coils 6 and T are approximately 160° out 
of phase with the voltages in the coils 3 and 4. 
Because of the phase displacement the vector sum 
of the voltages of the coils 3 and 6 or of the 
coils 4 and 7 now drops to approximately 2.5 
volts. As a result the filament current drops from 
the previous value of approximately 8 ampere to 
approximately 1/6 of that amount. 
The magnetic shunts 6-6 are of substantially 

no effect prior to the time that ignition takes place 
between the electrodes 24-25 of the lamp 2. 
This is due to the fact that the flux density in the 
entire iron structure of the transformer is at a 
value sufficiently below Saturation that the re 
luctance of the air gaps 8-9 prevents any ap 
preciable portion of the flux to leak across the 
shunts 6-6. However, after ignition takes place 
between the electrodes and the direction of the 
secondary flux substantially reverses itself the 
flux relationship in the central core leg 3 changes 
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4. 
cludes one primary auxiliary winding and one 
secondary auxiliary winding connected with their 
voltages additive when the secondary coil is un 
der no load, and a magnetic structure for the 
coils, said magnetic structure including a mag 
netic shunt between the two coils for facilitating 
leakage flux paths for the coils. 

2. A transformer for supplying current to a 
hot cathode electric discharge tube comprising a 
primary coil and a secondary coil connected in 
step up auto transformer relationship, the pri 
mary and the Secondary each having two aux 
iliary windings concentric therewith, the four 
auxiliary windings being connected in two series 
circuits each of which includes one primary aux 
iliary winding and one secondary auxiliary wind 
ing connected with their voltages additive when 
the Secondary coil is under no load, and a mag 
netic structure for the coils, said magnetic struc 
ture including a magnetic shunt between the two 
coils for facilitating leakage flux paths for the 
coils. 

3. A transformer for supplying current to a hot 
cathode electric discharge tube connprising a first 
group of three concentric coils including a pri 
mary coil and two auxiliary coils, a second group 
of three concentric coils including a secondary 
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so that the reluctance of the Small air gap 6-6 
is now no longer of tremendously greater value 
than the reluctance of the magnetic flux path 
through the Secondary coil sections, and as a re 
sult a substantial amount of leakage flux passes 
through the shunts 6-6 and the air gaps 8-9 
thereby permitting reversal of the magnetic flux 
at the Secondary end of the transformer. 
In compliance with the requirements of the pat 

ent statutes I have here shown and described a 
preferred embodiment of my invention. It is, 
however, to be understood that the invention is 
not limited to the precise construction 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. A transformer for supplying current to a hot 
cathode electric discharge tube comprising a pri 
mary coil and a secondary coil connected in step 
up auto transformer relationship, the primary 
and the Secondary each having two auxiliary 
windings, the four auxiliary windings being con 
nected in two Series circuits each of which in 
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and two auxiliary coils, a magnetic coupling for 
the two groups of coils, the auxiliary coils of the 
two groups being connected in two circuits each 
of which includes one auxiliary coil of one group 
and one auxiliary coil of the other group con 
nected in Series with their voltages additive when 
the secondary coil is carrying substantially no 
load. 

4. A transformer for supplying current to a hot 
cathode electric discharge tube comprising a first 
group of three concentric coils including a pri 
mary coil and two auxiliary coils, a second group 
of three concentric coils including a secondary 
and two auxiliary coils, the coils of the Second 
group having each a larger number of turns than 
the coils of the first group, a magnetic coupling 
for the two groups of Coils, the coupling includ 
ing a magnetic flux shunt path between the two 
groups of coils which shunt path has an air gap 
therein, the auxiliary coils of the two groups 
being connected in two circuits each of which in 
cludes one auxiliary coil of one group and one 
auxiliary coil of the other group connected in 
Series with their voltages additive when the Sec 
Ondary Coil is carrying Substantially no load. 

5. A transformer for Supplying current to a hot 
Cathode electric discharge tube comprising a first 
group of coils including a primary coil and two 
auxiliary coil windings, a second group of coils 
including a secondary coil and two auxiliary 
coils, a magnetic structure magnetically coupling 
the two groups of coils in a closed magnetic cir 
cuit and including a magnetic shunt between the 
tWO groups of coils for increasing leakage reac 
tance between them, the auxiliary coils of the two 
groups being connected in two circuits each of 
which includes one auxiliary coil of one group 
and one auxiliary coil of the other group con 
nected in Series and with their voltages additive 
When the Secondary Coil is carrying substantially 
no current so that when the secondary carries its 
full load the voltages induced in the auxiliary 
coils of the Secondary group are substantially re 
versed thereby reducing the voltages across each 
of the two Series circuits. 

6. A transformer for supplying current to a hot 
cathode electric discharge tube comprising a first 
group of cols including a primary coil and two 
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auxiliary coil windings, a second group of coils 
including a secondary coil and two auxiliary coils, 
a magnetic structure magnetically coupling the 
two groups of coils in a closed magnetic circuit 
and including a magnetic shunt between the two 
groups of coils for increasing leakage reactance 
between them, said shunt including an air gap 
to minimize the effect of the shunt at low flux 
densities, the auxiliary coils of the two groups 
being connected in two circuits each of which in 
cludes one auxiliary coil of one group and one 
auxiliary coil of the other group connected in 
series and with their voltages additive when the 
secondary coil is carrying substantially no cur 
rent so that when the secondary carries its full 
load the voltages induced in the auxiliary coils 
of the secondary group are Substantially reversed 
thereby reducing the voltages across each of the 
two Series circuits. 

7. A transformer for supplying filament cur 
rent and ignition current to a hot cathode elec 
tric discharge tube, said transformer including a 
magnetic structure having thereon a primary coil 
and a secondary coil coupled thereto for supply 
ing ignition current to a tube and having a pair 
of auxiliary coils for Supplying filament current 
to a tube, One of the auxiliary coils heing located 
to be linked by magnetic flux in a direction de 
termined by the direction of the magnetic flux 
through the primary coil and the other auxiliary 
coil being located to be linked by magnetic flux 
in a direction determined by the direction of the 
magnetic flux through the secondary coil, the two 
auxiliary coils being Connected in a series circuit 
with their voltages additive when the secondary 
is under substantially no load. 

8. A transformer for supplying filament cur 
rent and ignition current to a hot cathode elec 
tric discharge tube, said transformer including a 
magnetic structure having thereon a primary coil 
and a secondary coil coupled thereto for supply 
ing ignition current to a tube and having a pair 
of auxiliary coils associated with the primary coil 
and a pair of auxiliary coils associated with the 
secondary coil, the auxiliary coils being con 
nected in two series circuits each of which in 
cludes one of the primary auxiliary coils and one 
of the secondary auxiliary coils, each circuit being 
adapted to furnish filament current to one of the 
flaments of a two filament hot cathode discharge 
tube, one of the pairs of auxiliary coils being lo 
cated to be linked by magnetic flux in a direction 
determined by the direction of the magnetic flux 
through the primary coil and the other pair of 
auxiliary coils being located to be linked by mag 
netic flux in a direction determined by the direc 
tion of the magnetic flux through the secondary 
coil, the two auxiliary coils of each series circuit 
being connected with their voltages additive 

the secondary is under substantially no 
Oad. 
9. A shell type transformer for supplying fla 

ment current and ignition current to a hot cath 
Ode electric discharge tube, said transformer 
comprising a magnetic structure having two 
longitudinal sides joined by two transverse sides 
and a longitudinal core extending from one 
transverse side to the other between the two 
longitudinal sides, a first group of transformer 
coils on the core and including a primary coil 
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6 
and two auxiliary coils, a Second group of trans 
former coils On the core and including a Second 
ary coil and two auxiliary coils, the magnetic 
structure including a magnetic shunt between the 
two groups of coils with a gap in the shunt path 
but outside of the path of the primary mag 
netizing flux, the secondary Supplying the igni 
tion current and the auxiliary coils Supplying 
the filament current, the auxiliary coils being 
connected in two circuits each of which includes 
one auxiliary coil of one group and One auxiliary 
coil of the other group connected with their 
voltages additive. 

10. A shell type transformer for supplying fila 
ment current and ignition current to a hot cath 
ode electric discharge tube, Said transformer 
comprising a magnetic structure having two lon 
gitudinal sides joined by two transverse sides and 
a longitudinal core extending from One trans 
verse side to the other between the two longi 
tudinal sides, a first group of concentric trans 
former coils on the core and including a primary 
coil and two auxiliary coils, a second group of 
concentric transformer coils on the core and in 
cluding a secondary coil and two auxiliary coils, 
the magnetic structure including a magnetic 
shunt between the two groups of coils with a 
gap in the shunt path but outside of the path of 
the primary magnetizing flux, the secondary Sup 
plying the ignition current and the auxiliary 
coils supplying the filament current, the auxiliary 
coils being connected in two circuits each of 
which includes one auxiliary coil of One group 
and one auxiliary coil of the other group Con 
nected with their voltages additive. 

11. A shell type transformer for supplying filla 
ment current and ignition current to a hot cath 
ode electric discharge tube, said transformer 
comprising a magnetic structure having two lon 
gitudinal sides joined by two transverse sides and 
a longitudinal core extending from one trans 
verse side to the other between the two longi 
tudinal sides, a first group of transformer coils 
on the core and including a primary coil and 
two auxiliary coils surrounding the primary coil, 
a second group of transformer coils on the core 
and including a secondary coil and two auxiliary 
coils surrounding the secondary coil, the mag 
netic structure including a magnetic shunt be 
tween the two groups of coils with a gap in the 
shunt path but outside of the path of the primary 
magnetizing flux, the secondary supplying the 
ignition current and the auxiliary coils supplying 
the filament current, the auxiliary coils being 
connected in two circuits each of which includes 
one auxiliary coil of one group and one auxiliary 
coil of the other group connected with their 
voltages additive. 

ALBERT E, FEINBERG. 
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