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3 Claims. (Cl. 315-243) 
, 1. 
The present invention relates to ballast units 

for ?uorescent lamplighting, and has for its pur 
pose the. construction of a simple ballast. unit 
avoidingv transformers and large chokes. 
In the art .of. ?uorescent lighting,v it is well 

known that considerably higher voltage is re. 
quired to start the. ?uorescent discharge in. the 
tube. than to- continue it after ionization. in the 
tube. has occurred. In order to provide the high 
er starting voltage,,it is customary to use a trans 
former, usually of the auto-transformer type, and 
in addition to this a choke or two in series with 
each fluorescent tube in the system. When the 
discharge has started and the higher voltage is 
no longer. necessary, the auto-transformer is un 
desirable, but since. it is. in the starting circuit, 
it remains in the circuit during the running oper 
ation. 
In the present invention a fluorescent ballast 

unit has been invented, whichwill provide the 
necessary higher voltage under starting condi 
tions while under running conditions it will have 
substantially no e?ect in the operating circuit 
so‘ that e?ici'ent' running operation will be ob 
tained with unity power factor. A desired phase 
shift between pairs of ?uorescent tubes to over 
come the stroboscopic e?'ect' which tends to im 
pair utility of" fluorescent lighting may also be 
provided‘ in the present invention. ' 
The unit of'the present invention may be made 

as a single element providing both the desired’ in 
ductance and capacitance for operating the ?uo 
rescent light; 
The present invention will'be more clearly un 

derstood' from the description and speci?cation 
below when taken in connection with the draw 
ings, in which—— 
Figure 1 shows the electrical circuit. for a ?uo 

re'scent ballast unit in accordance with the pres 
ent invention. 
Figure 2 shows a combination of‘two such units 

in which one is given a leading phase and the oth 
er a lagging phase. 
Figure 3 shows partly diagrammatically the 

electrical circuit for the fluorescent ballast em 
ploying a single ballast. 

Figure‘ 3a shows the electrical circuit of Fig 
ure 3. 

Figure 4 shows partly diagrammatically a mod 
i?cation of the arrangement of Figure 3. 
‘Figure 4a shows the electrical circuit diagram 

matically' of the device shown in Figure 4. 
Figure’ 5 shows a plan view of the ballast unit 

according to the present invention corresponding 
to the forms of Figures‘ or Figure 4, and, 
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Figure 6. shows a ectional view taken on the 

line 6—8 of Figure 5. 
In the arrangement of Figure l the ballast unit 

comprises an inductance I and a capacity 2, in 
ductance being connected in the line and the ca 
pacity being connected across the line between 
the 3 and the adjacent inductance termi 
nal. When the lamp is not running, its resist 
ance is practically in?nite so that under these 
conditions the existing circuit comprises the in 
ductance I and the capacity 2 connected across 
the line. This latter circuit is tuned for the op 
erating frequency as, for instance, 60 cycles, in 
which case the condition is ful?lled that 

which is a resonant condition for the circuit. 
Other starting conditions are as follows: 

Where Q--R1 XC_CW— W L and Vr-VQ 
V is 

L is the inductance 
V0 is the voltage across the condenser. 

the voltage across the line. 
of I. C is the capacity of R1 is the resistance 
in the inductance. Z is in the input impedance. 
W=21r times the frequency. 

If in the above arrangement, R1 is small com~ 
pared to the inductive or capacitance reactance, 
X1 or Xe respectively, then the voltage developed 
across the capacity which is the same as the 
voltage across the lamp may be extremely high 
since this voltage is equal to the line voltage 
times 

an’ 
R1 

It will be evident therefore, that starting of the 
lamp Will be readily accomplished. 
Under running conditions, since the inductive 

reactance and the capacitance reactance are 
equal and opposite they will cancel themselves 
out, one providing a leading phase and the other 
providing a lagging phase. The only additional 
consumption of power beside that used in the 
lamp will be that of the loss in the inductance, 
namely, the loss due to the quantity R1. The 
phase shift between the input voltage and the 
voltage across the lamp to the inductance in 
the line will be somewhat less than 90° lagging. 

In the arrangement of Figure l, the usual fluo 
rescent lamp arrangement is shown consisting of 
the two heaters 4 and 5, a heater switch 5 which 
opens after a short time interval and the capaci 
tor 1 across the switch element 5. 

If it is desired to use a circuit of twolamps, one > 



circuit may be provided with a phase lag of some 
what less than 90°, and the other circuit with a 
phase lead of somewhat less than 90°. This is 
illustrated in Figure 2 where the lamp 8 is ar 
ranged in the same way as the circuit of Figure 1 
with a series inductance 9 and a capacity shunt 
I 0 while the lamp II is provided with a series ca 
pacity l2 and aninductive shunt l3. The lamp 
8 lags the line voltage in operation because of the 
inductance 9 while the lamp ll leads the line 
voltage because of the capacity 12. The two 
lamps, because of their characteristics, will, 
therefore, have a phase difference of approxi 
mately 90°, while the circuits will have a phase 
difference of somewhat less than 180°, which 
means that each will light alternately twice in a 
complete cycle. The resistive reactance of the 
lamps when lighting will pull the phase together 
to approximately 90°. 
the occurrence of the discharge will be at the 
rate of 240 times per second, which by proper de 
sign can be spaced substantially uniformly from 
each other. As a result of this, the stroboscopic 
e?ect will be substantially eliminated. 
The unit providing the capacity and induct 

ance is illustrated somewhat diagrammatically in 
Figures 3 and 3a. In these ?gures two conductive 
foils or sheets I4 and [5 are wound about a cen 
tral core 16 permeable to magnetic ?ux. The 
conductive foils l4 and !5 are separated by suit 
able insulating sheets IT. The sheets [4 and [5 
provide a capacity between one another while the 
windings themselves provide the inductance. 
The circuit may be traced as follows: Commenc 
ing from one supply line It, current will pass 
through the winding I4 in a. clock-wise direction 
from the initial terminal a to the end terminal 0. 
Current will then ?ow through the lead is to the 
lamp 20, out of the lamp 29 from the lead 2i to 
the terminal point at which is the beginning of 
the second winding I5, through the second wind 
ing IE to the terminal b and out through the ter 
minal along the supply line 22. 
The equivalent‘c'ircuit is set up in Figure 3a 

where the terminal points a, b, c and d designate 
the same terminals as in Figure 3 and the lamp 
the same lamp as in Figure 3. The inductance 
23 corresponds to the winding I 4 while the in 
ductance 24 corresponds to the winding l5. 
Winding 23 and 24 link the same flux and have 
very close coupling between them. 

In the arrangement of Figures 3 and 3a, it 
will be seen that current flows through both 
windings I4 and It in the same direction. The 
effective capacity between the windings l4 and 
I5 is, of course distributed all the way between 
both windings. It will be noted however, that 
these distributed capacities run criss-cross ‘from ' 
the beginning of one inductance to the .end'of 
the other inductance, looking into the unit from 
the line side. These distributed capacities are 
represented by lumped capacity units in the ele 
ments 25 and 25. For resonant conditions the 
voltage on starting across the tube 20 will be 
equal to Q X the line voltage, as in the equa- V 
tions given above. This is of course, forreso 
nance in the circuits providing the. inductance . 
and capacitance. , . . . 

In the arrangement indicated in Figures 4 and 
4a, two spirally wound foils 3i) and 3! are em 
ployed as in the arrangement in Figure 3. In 
the arrangement of Figure 4 however, the turns 
of one winding, as for instance, the winding 3|, 
are all connected together at one end of the 
winding roll as. indicated diagrammatically in 
Figure 4a. where the turns or the windings it 

At 60 cycles, therefore,‘ 
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are all tied together. A single capacitance is, 
therefore, set up distributing from the windings 
30 to what may be considered a single element 
3| connected to the opposite side of the line, as 
for instance, the line 32. In Figure 4, therefore, 
the input side is represented by the two lines 32 
and 33 while the output to the lamp is repre 
sented by the lines 32 and 34. Between the line 
33 and 34 is the inductance winding 30 and across 
the line is the distributed capacity between the 
winding 30 and the shorted winding 3|. The cir 
cuit of Figure 4, it will be seen, is therefore sub 
stantially the equivalent of the circuit of Figure 
1 with the exception that the capacity in Figure 
4a is distributed over the whole winding. The 
same equations apply to Figure 4a as set forth 
in Figure 1. 
In Figures 5 and 6 there is shown an element 

for providing the inductance and capacitances 
necessary for operation of the ?uorescent lamps 
as diagrammatically represented in the other 
?gures. Here the roll 40 may be formed of wind 
ings of pairs of conductive foils 4| and 42 sepa 
rated by insulating and dielectric elements 43. 
These windings may be made on a core 44 with 
an air'gap 44' to increase the magnetic reluctance 
and provide partial saturation to limit open load 
current. Under these conditions the inductance 
is decreased with respect to a tuned condition 
or in e?ect the circuit is somewhat detuned. 
The core 44 is of material permeable to magnetic 
?ux. If desired an open core might be used. 
However Figure 5 shows a closed core, the path 
being closed by the outside element 45. The con 
ductive foil may be of any suitable metallic foil, 
as for instance, aluminum, copper or some alloy. 
The electrical circuit may be connected either 
according to the means set forth in Figures 3, 3a 
or 4. The distributed capacity may be tuned 

‘ with inductance to ‘resonance for the ?guring of 
the supply source. Only one element therefore 
is needed, the power factor at the line will be 
zero and loss and heating will be kept to a 
minimum. ' ' 

Having now described'my invention, I claim: 
1. A lighting circuit including a supply line, 

a ?uorescent lamp and a ?uorescent ballast unit 
comprising two windings of conductive foil ele 
ments having separator sheets formed‘ as a di 
electric insulator, one winding having turns con 
nected together at one end of the winding roll 
and connected to one side of the supply line, the 
other winding being connected in ‘series with 
the line, said fluorescent lamp being connected 
across the line after the series and shunt ballast 
connections. ' ‘ 

2. A lighting circuit including a supply ‘line’ 
and a fluorescent ballast unit comprising‘ two 
windings of conductive foil elements having 

' separator sheets formed as a dielectric insulator, 
one winding having turns connected together at 
one end of the winding roll and connected to one 
side of the supply line, the other winding being 
connected ‘in series with the line, a ?uorescent 
lamp being connected across the line after. the 
series and shunt ballast connections, and a core 
permeable to magnetic flux around whichthe , 
windings are placed. . 

3. A lighting circuit including a supply’ line 
and a ?uorescent ballast unitcomprising two ' 
windings of conductive foil elements having sepa 
rator sheets formed as a dielectric insulator, one “ 
winding having turns connected together at one £7. 

. end of the winding roll and connected to one side > 
of the supply line, the other winding being con 
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nected in series with the line, a ?uorescent lamp 
being connected across the line after the series 
and shunt ballast connections, said unit being 
tuned to resonance at the frequency of the sup 
ply current. 
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