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(57) ABSTRACT 
A two-wire ballast arrangement is disclosed for fluores 
cent tubes having first and second terminals for supply 
ing variable power to dim the fluorescent tube, a choke 
coil connected between the first terminal and the fluo 
rescent tube and a filament transformer having a pri 
mary connected between the second terminal and a tap 
on the choke coil, the tap being selected to supply sub 
stantially constant voltage to the primary winding, the 
transformer having secondary windings to supply fila 
ment voltage to the fluorescent tube. 

14 Claims, 9 Drawing Figures 
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TWO-WIRE BALLAST FOR FLUORESCENT TUBE 
DIMMING 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a ballast arrangement for 
fluorescent tubes and particularly to a two-wire ballast 
arrangement to supply substantially constant filament 
voltage to a fluorescent tube supplied by a variable 
power source for dimming. 

Typical fluorescent tubes comprise a sealed cylinder 
of glass having a heating filament at either end and filled 
with a gas such as mercury vapor. The filaments are 
heated by a supplied voltage to cause thermionic emis 
sion so that an arc can be struck across the tube causing 
the gas to radiate. The radiation given off by gases such 
as mercury is short-wave ultraviolet radiation and thus 
produces little visible light. In order to provide visible 
light, the inside of the tube is coated with a suitable 
phosphor which is activated by the ultraviolet radiation 
and emits visible light of a color that is characteristic of 
the particularly phosphor or mixture of phosphors em 
ployed to coat the tube. In order to sustain the arc 
across the tube, the filament voltage must be maintained 
to a predetermined level which poses a problem when 
the fluorescent tube is to be used in a light dimming 
arrangement. 
As one answer to this problem, the prior art devel 

oped a three-wire system where the filament voltage 
was separated from the variable current used to dim the 
fluorescent tube. In such a system, a first wire was used 
to supply variable current to the fluorescent tube. A 
second wire was used to supply constant filament volt 
age to the filaments of the tube. The third wire was used 
as a return. From a cost of installation standpoint, a 
two-wire arrangement for dimming fluorescent tubes is 
preferable. 
The prior art has developed two-wire fluorescent 

tube dimming arrangements but these provide only a 
limited dimming capability. The problem with the prior 
art two-wire dimming arrangements is that the filament 
voltage to the tube is varied as the dimming current 
supply to the fluorescent tube is varied. Thus, as the 
current supplied to the fluorescent tube is reduced to 
dim the tube, the filament voltage is also reduced result 
ing in stripping the emission-coating from the cathodes, 
and when the filament voltage has been reduced below 
the level to sustain the arc across the tube, the tube will 
extinguish. The present invention extends the dimming 
range of the tube by supplying substantially constant 
filament voltage to the tube in a two-wire system. 

SUMMARY OF THE INVENTION 

In the present invention, first and second terminals 
provide variable dimming power to the fluorescent 
tube, a choke coil is connected between the first termi 
nal and the tube and a transformer is provided having a 
primary winding connected between the second termi 
nal and a tap on the choke coils selected to provide 
substantially constant voltage to the primary winding 
even as the power to the tube is varied, the transformer 
further having secondary windings associated with the 
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2 
primary winding to supply filament voltage to the fila 
ments of the tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the inven 
tion will become apparent from a detailed consideration 
of the invention when taken in conjunction with the 
drawings in which: 

FIG. 1 shows a three-wire prior art arrangement for 
dimming a fluorescent tube; 

FIG. 2 shows a prior art two-wire arrangement for 
dimming a fluorescent tube; 
FIG. 3 shows the voltage vs. the controlled current 

through the tube for each side of the choke coil of FIG. 
2 and for the tap on the choke coil of FIG. 4; 

FIG. 4 shows the ballast arrangement according to 
the instant invention; 
FIG. 5 shows an arrangement of the present ballast 

for supplying two fluorescent tubes; 
FIG. 6 shows an alternative ballast arrangement for 

supplying two tubes according to the instant invention; 
FIG. 7 is another variation for two-wire control; 
FIGS. 8 and 9 show alternative ballast arrangements 

according to the instant invention. 
DETALED DESCRIPTION 

The fluorescent dimming arrangement 10 shown in 
FIG. 1 is a three-wire system comprising wires 11, 12 
and 13 connected to respective input terminals 14, 15 
and 16. First wire 11 connects terminal 14 to choke coil 
17 the other side of which is connected to fluorescent 
tube 18 by line 19. Line 20 connects the other side of 
tube 18 to terminal 16. Connected across terminals 15 
and 16 is primary winding 21 of filament transformer 22. 
Terminal 14 supplies variable power or current to fluo 
rescent tube 18 for dimming and transformer 22 con 
nected to terminals 15 and 16 supplies constant filament 
voltage to fluorescent tube 18. Thus, secondaries 23 and 
24 of transformer 22 are connected to respective fila 
ments within fluorescent tube 18. The starting stripe 25 
which is accomplished by the fixture is associated with 
fluorescent tube 18 and is connected to ground terminal 
26 by line 27. 

Since the filaments of the fluorescent tube must be 
maintained at their specified voltage to keep them at 
their temperature and to sustain an arc across the tube, 
the prior art recognized that a constant voltage source 
for the filaments of tube 18 was desirable to increase the 
range over which it could be dimmed as controlled by 
the variable power or current supplied by terminal 14. 
To this end, the prior art arrangement as shown in FIG. 
1 comprised a separate filament voltage source (con 
nected to terminals 15 and 16), not associated with the 
variable supply terminal 14, for supplying constant volt 
age to the tubes' filaments. However, this system is a 
three-wire system and the prior art has also recognized 
that a two-wire system would reduce the cost and com 
plexity of installation. Thus, the prior art developed the 
type of system shown in FIG. 2. 

In FIG. 2, first wire 30 connects variable current or 
power source terminal 31 to choke coil 32 the other side 
of which is connected by line 33 to fluorescent tube 34. 
The other side of tube 34 is connected by line 35 and by 
second wire 37 to second supply terminal 36. Con 
nected between first wire 30 and second wire 37 is pri 
mary winding 38 of filament supply transformer 39. 
Transformer 39 has secondary winding 40 connected to 
one filament of tube 34 and second secondary winding 
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41 connected to the other filament of tube 34. The start 
ing stripe 42 associated with tube 34 is connected by line 
43 to ground terminal 44. This arrangement, although it 
reduces the cost and complexity of installation of a 
dimming system for controlling the intensity of a fluo 
rescent tube, does not provide a system for supplying 
constant filament voltage to tube 34 and, therefore, the 
operating range for the dimming of tube 34 is very 
limited. 
As can be seen from FIG. 3, as the current through 

the choke coil 32 is varied from 0% to 100% by variable 
supply terminal 31, the voltage at point B increases 
whereas the voltage at point E on the opposite side of 
the choke coil decreases due to the negative resistance 
behaviour of the tube. Thus, in the arrangement of FIG. 
2, as the dimming current supplied to tube 34 decreases, 
the voltage supplied to the filaments of tube 34 also 
decreases. 

In order to avoid the problems associated with the 
circuit of FIG. 2 but yet retain the advantages of a 
two-wire system, the present invention connects the 
primary winding of the filament supply transformer to a 
tap on the choke coil selected to give relatively constant 
voltage. In FIG. 3, the voltage VT represents the volt 
age at the tap of the choke coil which is selected to be 
connected to the primary of the filament supply trans 
former and is a constant or substantially constant volt 
age as the dimming current is varied. 

In FIG. 4, choke coil 50 of ballast 51 has a tap T 
selected to produce this substantially constant voltage. 
First wire 53 connects choke coil 50 to variable current 
or power supply terminal 52. Primary winding 54 is 
connected between tap T on choke 50 and second wire 
56. Filament supply transformer 56 has secondary coil 
58 connected across filament 59 of fluorescent tube 60. 
Filament 59 is also connected by line 61 to the other side 
of choke coil 50. A second secondary winding is com 
prised of tap 62 of primary winding 54 which tap is 
connected to one side of filament 63 of fluorescent tube 
60. The other side of filament 63 is connected by line 64 
and second wire 56 to terminal 55. Provision is made for 
starting stripe 65 connected by line 66 to ground termi 
nal 67. 

Since the voltage at tap T on choke coil 50 is substan 
tially constant as the current therethrough varies, the 
filament transformer 57 will supply substantially con 
stant voltage to filaments 59 and 63 of fluorescent tube 
60. In this manner, the operating range of the fluores 
cent tube is greatly extended without decreasing its life 
since the filament voltage and emission temperature will 
be maintained through the whole dimming range. 

In order to dim fluorescent tube 60, a dimming circuit 
70 is provided connected between a source of alternat 
ing current and terminals 52 and 55. Dimming circuit 70 
is comprised of a solid-state semiconductor switch or 
triac 71 having one side connected to one side of the 
alternating current source and the other side to terminal 
52. Connected across triac 71 is a series combination of 
variable resistance 72 and capacitor 73. A diac 74 is 
connected from the junction of variable resistance 72 
and capacitor 73 to the gate terminal of triac 71. Resis 
tor 75 is connected from the junction of triac 71 and 
terminal 52 to the junction of the other side of the alter 
nating current source and terminal 55. The dimming 
control circuit 70 is a phase control circuit which con 
trols the amount of current supplied to terminal 52 by 
the setting of variable resistance 72. 
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4. 
FIG. 5 shows a variation of the circuit of FIG. 4 for 

supplying two fluorescent tubes 80 and 81. First wire 82 
connects a variable power or current source terminal 83 
to choke coil 84 of ballast 85. The other of the choke 
coil is connected to fluorescent tube 80. Primary wind 
ing 86 of filament supply transformer 87 is connected 
from tap T on choke coil 84 to second supply terminal 
88 by second wire 89. Filament supply transformer 87 
has first secondary winding 90 connected to a first fila 
ment of fluorescent tube 80, a second secondary wind 
ing 91, comprised of a tap on primary winding 86, con 
nected to a first filament of fluorescent tube 81 and a 
third secondary 92 connected to the second filament of 
both fluorescent tubes 80 and 81. The starting stripe 93 
associated with fluorescent tube 80 and starting stripe 
94 associated with fluorescent tube 81 are connected to 
ground terminal 95 by line 96. Since tap T is selected as 
the substantially constant voltage point on choke coil 
84, secondary windings 90, 91 and 92 will supply sub 
stantially constant filament voltage to fluorescent tubes 
80 and 81. 
The system in FIG. 6 is substantially similar to the 

circuit of FIG. 5 and, therefore, like elements have been 
assigned like reference numerals. The primary differ 
ence between these two circuits is that instead of sec 
ondary winding 91 of FIG. 5 being comprised of a tap 
on primary winding 86, a separate secondary winding 
91' associated with transformer 87 is provided for the 
first filament of fluorescent tube 81. Also, a small, start 
aid capacitor 100 is connected from the top of second 
ary winding 90 to the top of secondary winding 92. 

Finally, the system of FIG. 7 is designed to operate 
from low voltage (e.g. 200-277 volts) two-wire supply 
mains 110 and 111. The step-up auto transformer 112 
provides high voltage (e.g. 347 voltage) thereacross for 
supplying filament heating voltage to secondaries 113, 
114 and 115 for tubes 116 and 117. 
The arrangements shown in FIGS. 8 and 9 include a 

choke coil arrangement which is equivalent to the 
tapped choke coil arrangements shown in FIGS. 4-7. 
Specifically, a choke coil transformer 120 has a first 
winding 121 connected between terminal L1 and fluo 
rescent tube 122. Second winding 123 of the trans 
former 120 is connected between terminal L1 and one 
side of primary winding 124, of transformer 150, the 
other side of which is connected to terminal L2. One 
filament of fluoresecent tube 122 is supplied with fila 
ment voltage from primary winding 124 by way of 
secondary winding 125 whereas the second filament of 
fluorescent tube 122 is supplied by secondary winding 
126 of transformer 150. One filament of fluorescent tube 
127 is supplied with voltage from secondary winding 
126 and the other filament is supplied by secondary 
winding 128 of transformer 150. The lower lead of 
secondary winding 128 is connected to terminal L2. 
By way of example, if the winding 84 shown in FIG. 

6 has a total of 2,000 turns with 500 turns on the left side 
of the tap and 1,500 turns on the right side of the tap, 
then winding 121 will have a total of 2,000 turns and 
winding 123 will have 500 turns. In this manner, the 
number of turns between windings 121 and 123 are 
selected, as is the tap in FIG. 6, to provide a constant 
filament voltage by way of primary winding 124 and 
secondary windings 125, 126 and 128. 

In FIG. 9, the choke coil transformer 130 is essen 
tially the same as choke coil transformer 120 of FIG. 8 
except that the second winding 132 of transformer 130 
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is connected to the right side of first winding 131 instead 
of to the left side. . . . . . . 

Thus, if winding 123 should have 500 turns when 
winding 121 has 2,000 turns, winding 132 of FIG. 9 
should have 1,500 turns when winding 131 has 2,000 
turns. Thus, the number of turns that the second wind 
ing of the choke coil transformer has is dependent not 
only upon the number of turns of the first winding but 
also upon the side of the first winding to which the 
second winding is connected. Grounding stripes may be 
provided as are shown in FIGS. 5 and 7 where neces 
sary. 
The embodiments of the invention in which an exclu 

sive property or right is claimed are defined as follows: 
1. A ballast for a fluorescent tube dimming arrange 

ment comprising: 
first and second terminals adapted to be connected to 
a source of variable power; 

an inductive coil connected to said first terminal and 
adapted to be connected to a fluorescent tube; and, 

a transformer having a primary winding, said primary 
winding having a first end connected to a tap on 
said inductive coil selected so that, as the power 
supplied to said fluorescent tube is varied for dim 
ming, the voltage across said primary winding 
remains substantially constant, and a second end 
connected to said second terminal, said transformer 
further having first and second secondary windings 
for supplying filament voltage to said fluorescent 
tube. 

2. The ballast of claim 1 wherein said transformer 
comprises a third secondary filament heating winding 
for supplying a second fluorescent tube with variable 
dimming power. 

3. A two-wire ballast system for a fluorescent tube 
dimming arrangement comprising: 

first and second terminals for supplying variable dim 
ming power to said fluorescent tube; 

first connecting means including a choke coil con 
necting said first terminal to a first side of said 
fluorescent tube; 

second connecting means connecting a second side of 
said fluorescent tube to said second terminal; and, 

constant filament voltage supply means connected 
between said first connecting means and said 

second connecting means and connected to said 
filaments of said fluorescent tube to a tap on said 
choke coil selected so that, as the power supply to said 
fluorescent tube is varied for dinning, the voltage 
supplied by said constant filament voltage supply 
means remains substantially constant, said constant 
filament voltage supply means connected to said sec 
ond terminal and having output means for supplying 
constant filament voltage thereto to said fluores 
cent tube. 

4. The two-wire ballast system of claim 3 wherein 
said constant filament voltage supply means comprises a 
transformer having a primary winding, said primary 
winding having a first end connected to a tap on said 
choke coil selected so that, as the power supply to said 
fluorescent tube is varied for dimming, the voltage 
across the primary winding will remain substantially 
constant, and a second end connected to said second 
terminal, said transformer further having first and sec 
ond secondary windings for supplying filament voltage 
to said fluorescent tube. 

5. The two-wire ballast system of claim 4 wherein 
said first secondary winding comprises a separate wind 
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6 
ing magnetically coupled to said primary winding and 
connected to a first filament of said fluorescent tube and 
said second secondary winding comprising a tap on said 
primary winding and a second filament of said fluores 
cent tube connected across said tap on said primary 
winding and said second terminal. 

6. The two-wire ballast system of claim 5 further 
comprising a grounded starting stripe associated with 
said fluorescent tube. 

7. The two-wire ballast system of claim 4 further 
comprising a second fluorescent tube and wherein said 
transformer comprises a third secondary winding, said 
fluorescent tube and said second fluorescent tube each 
having first and second filaments, said first secondary 
winding connected t said first filament of said fluores 
cent tube, said third primary winding connected to said 
first filament of said second fluorescent tube and said 
second secondary winding connected to said second 
filaments of said fluorescent tube and said second fluo 
rescent tube. 

8. The two-wire ballast system of claim 7 wherein 
said first secondary winding comprises a separate wind 
ing magnetically coupled to said transformer, said sec 
ond winding comprises a separate winding magnetically 
coupled to said transformer and said third secondary 
winding comprises a tap on said primary winding. 

9. The two-wire ballast system of claim 8 comprising 
a first grounded starting stripe associated with said 
fluorescent tube and a second grounded starting stripe 
associated with said second fluorescent tube. 

10. The two-wire ballast system of claim 7 wherein 
said first secondary winding comprises a separate wind 
ing magnetically coupled to said primary winding, said 
second winding comprising a separate winding magnet 
ically coupled to said primary winding and said third 
secondary winding comprising a separate winding mag 
netically coupled to said primary winding. 

11. The two-wire ballast system of claim 10 compris 
ing a first grounded starting stripe associated with said 
fluorescent tube and a second grounded starting stripe 
associated with said second fluorescent tube. 

12. The two-wire ballast system of claim 3 further 
comprising a dimming control circuit connected be 
tween a source of alternating current and said first and 
second terminals. 

13. The two-wire ballast system of claim 2 wherein 
said transformer is a step-up auto transformer. 

14. The two-wire ballast system of claim 13 wherein 
said auto transformer has a first secondary winding 
connected to a first filament of a first tube, a second 
secondary connected to a first filament of a second tube, 
and a third secondary winding connected to second 
filaments of said first and second tube. 

15. The two-wire ballast of claim 3 wherein said 
constant filament voltage supply means comprises a 
secondary coil having a first end connected to one side 
of said choke coil and a second end connected to said 
filament of said fluorescent tube whereby the number of 
turns of said choke coil and said secondary coil are 
chosen so that said filament supply circuit will supply 
substantially constant voltage to said filament. 

16. The two-wire ballast of claim 15 wherein said 
choke coil has a first end connected to said first terminal 
and a second end connected to said fluorescent tube and 
wherein said first end of said secondary winding is con 
nected to said first end of said choke coil. 

17. The two-wire ballast of claim 16 wherein said 
filament supply circuit comprises a primary winding 
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connected between said second end of said secondary 
winding and said second terminal and having a first 
secondary winding connected to one filament of said 
fluorescent tube and a second secondary winding con 
nected to a second filament of said fluorescent tube. 

18. The two-wire ballast of claim 15 wherein said 
choke coil has a first end connected to said first terminal 
and a second end connected to said fluorescent tube and 
wherein said secondary coil has a first end connected to 
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8 
said second end of said choke coil and wherein said 
filament supply circuit comprises a primary winding 
connected between said second end of said secondary 
coil and said second terminal, said primary winding 
having a first secondary winding associated therewith 
connected to a first filament of said fluorescent tube and 
a second secondary winding associated therewith con 
nected to a second filament of said fluorescent tube. 
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