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This invention relates generally to the opera 
tion of electric discharge devices of the type emi 
ploying ionizable mediums, such as the well 
known fluorescent lamps, and more particularly 
to polyphase starting and operating circuits 
therefor. 
An object of my invention is to provide new 

and improved circuits for starting and operating 
electric discharge devices from a polyphase alter 
nating voltage source. 
Another object of my invention is to provide 

a polyphase operating circuit for a fluorescent 
lamp wherein resonant conditions between Se 
lected phases are utilized to start the lamp, and 
are subsequently eliminated as a result of phase 
changes caused by the discharge current flowing 
through the lamp during operation. 
A feature of my invention is the possibility 

of operating fluorescent lamps in groups of three 
from a 6-phase circuit in such manner that, as 
Soon as the lamps have started, circulating cur 
rents which had been used for heating the fila 
ments, are SubStantially balanced and eliminated 
as a result of the phase relations set up in the 
circuit. This feature permits avoidance of the 
necessity for Switches, either of the glow or of 
the thermal type, for opening the filament heat 
ing circuits after the lamps have started in order 
to prevent unnecessary and destructive heating 
thereof. 
A further feature of my invention is the pos 

sibility of operating the lamps in a group of three, 
with phase intervals, one from the other, dis 
placed by 120°, so that stroboscopic effects are 
substantially eliminated. 

Still another object of my invention is to pro 
wide various protective devices for use in con 
junction with my circuit in order to prevent the 
maintenance of dangerously high voltages if some 
of the circuit elements should become defective. 

For further objects and advantages and for 
a better understanding of my invention, atten 
tion is now directed to the following description 
and the accompanying drawings. The features 
of my invention believed to be novel will be more 
particularly pointed out in the appended claims. 

In the drawings: 
Fig. 1 is a schematic diagram illustrating the 

adaptation of a starting and operating circuit 
for a fluorescent lamp, in accordance with my 
invention, to a six-phase alternating voltage 
Source. 

Fig. 2 is a vector diagram for the purpose of 
illustrating the phase and voltage relationships 
in the circuit of Fig. 1. 
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Fig. 3 is a schematic diagran of a starting 
and operating circuit similar to that of Fig. 1 
wherein certain modifications have been made 
in order to accommodate a different type of 
fluorescent lamp. 

Fig. 4 is a schematic diagram of a similar cir 
cuit further modified by the addition of certain 
protective devices for safeguarding the circuit 
elements in case the lamp should become de 
fective. 
As will shortly become apparent, my inven 

tion is applicable to any polyphase circuit con 
taining an even number of phases in excess of 
four. However, for ease of explanation and un 
derstanding, it is most readily described with 
reference to a six-phase source. Such a source 
is readily obtained, through Suitable transformer 
connections, from a commercial three-phase sup 
ply. Thus, referring to Fig. 1, there is shown 
a three-phase transformer T consisting of a 
delta, connected primary P, and of a star con 
nected secondary S, of which the windings are 
connected in Connon at their center points des 
ignated O. The input terminals of the primary 
P are adapted to be connected to a commercial 
three-phase Supply. The Secondary terminals 
have been brought out to points A, B, C, D, E, 
and F, all symmetrically disposed about the com 
non point O in order to illustrate graphically 
the 6 phase relations of the voltages provided at 
those points. 

In accordance with my invention, an electric 
discharge device or fluorescent lamp may be 
operated in the position shown, or in either of . 
the other positions illustrated in dotted lines. 
Lamp comprises a sealed glass envelope 2 con 
taining a mixture of rare gases and a vaporizable 
metal Such as, for instance, a Small amount of 
mercury. Sealed into opposite ends of the lamp 
are a pair of thermionic electrodes 3 and 4. These 
may consist of coils of tungsten wire, preferably 
coated with an electron-emissive material such 
as oxides of alkaline earth metals, for instance, 
barium and strontium oxides. The interior sur 
face of the lamp may, if desired, be coated with 
a fluorescent material or a phosphor which, upon 
excitation by the short wave length radiation 
produced by a discharge in the lamp, generates 
a longer wave length radiation within the visible 
spectrum. One flamentary end of electrode 3 is 
connected, by means of an inductor 5, to ter. 
minal A, and the other filamentary end is con 
nected, by means of a capacitor 6, to terminal 
F. Similarly the filamentary ends of cathode 4 
are Connected, by means of an inductor T and 



a capacitor 8, to terminals D and C respectively. 
Inductors 5 and 7, and capacitors 6 and 8, are 
Selected to have Substantially equal reactances 
at the frequency of the three-phase supply, which 
would normally be 60 cycles per second, So that 
each filamentary electrode is connected in a 
series resonant circuit. ; : . . . . . . 
Referring to Fig. 2, the vector diagram therein 

illustrates the voltage and phase relationships in 
the circuit. When a three-phase voltage is Sup 
plied at the terminals of transformer winding P. 
The vectors O-a through O-frepresent the volt 
ages, both in phase and magnitude, at terminals 
A through F. With respect to the common point O. 
Accordingly, the vector a-f represents the volt 
age applied across the terminals of the resonant 
circuit of electrode 3. Since the reactance of 
inductor 5 is substantially equal and opposite in 
sign to that of capacitor. 6, the current therein is 
limited almost solely by the resistance of elec 
trode 3 which, accordingly, heats up rapidly. In 
addition, the current flowing through inductor 5 
and capacitor 6 produces voltage drops there 
across which may be represented by vectors-a-g 
and g-f respectively. These voltages add vec 
torially with the phase voltages at terminals. A 
and F respectively, to establish electrode 3 at a 
potential o-g from the common point O. Simi 
larly, the large current flowing through electrode 
4 raises its temperature, and at the same time 
establishes it at a potential O-h. With respect to 
the common point O. Thus, the voltage exist 
ing across the lamp from electrode 3 to electrode 
4 is increased or boosted to the value g-h, so 
that the discharge starts without difficulty. 
As soon as the discharge has started, the cur 

rent flowing through the lamp. causes voltages 
d-g, g-fto come more nearly into phase, so that 
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the large starting voltage across the lamp. elec 
trodes is eliminated. If the normal voltage drop 
across the lamp is equal to what might be re 
ferred to as the delta voltage of secondary wind 
ing 3, the voltage drop across the lamp is reduced 
to g’-h', and for such a combination no heating 
current whatsoever flows through electrodes 3 and 
4 except the discharge current which flows in 
substantially equal amounts in opposite directions 
from the midpoint of the electrode filament. 
Where the normal voltage drop across the lamp is 
less than the delta, voltage of the transformer, 
the voltage across the lamp may, for instance, 
be represented by g’-h'. In such case sufficient 
reactive current circulates through inductor 5 and 
capacitor 6 to provide the voltage drop g'-g'. 
Where the required voltage drop across the lamp 
is greater than the delta voltage, the reactive 
currents flow in an opposite direction and gen 
erate the Small boosting voltage necessary to 
maintain the discharge through the lamp. 

It will be apparent that lamps 9 and 0, which 
have been illustrated in dotted outline, will oper 
ate in an identical fashion and, when connected 
symmetrically as shown, will serve substantially 
to eliminate reactive volt amperes in the combi 
nation. Moreover, the voltages supplied to the 
three lamps in the combination are at 120° phase 
intervals, so that a substantially constant lumi 
nous intensity is obtained from the combination 
and stroboscopic effects are eliminated. 
While I have shown lamp and its associated 

circuit, connected across adjacent and opposite 
terminals of a six-phase supply, it will be ap 
parent that my invention is not in any way lim 
ited to this particular combination. For instance, 
an eight-phase supply may readily be utilized and 
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4. 
in such case, four lamps might be utilized in a 
combination. With the discharge Current estab 
lished at 90° phase intervals. However, as a mat 
ter of commercial practice, it is believed that the 
six-phase System which is readily obtained from 
a standard three-phase Supply is the most prac 
tical. : 

Referring to Fig. 3, there is shown a discharge 
circuit wherein similar reference characters refer 
to similar elements as in Fig. 1, and which is 
adapted to be connected, in the same manner, to 
Opposite and adjacent terminals of a six-phase 
Supply. In this particular circuit, the filamen 
tary ends of electrodes 3 and 4 are short cir 
cuited together and connected to the junction 
points of similar pairs of equal inductors ff, 2 
and 3, 4. Moreover, device f is provided with 

* a starting electrode or stripe 5 which is con 
nected at one end to electrode 3. Inductor f is 
connected to terminal A, and inductor 2 is con 
nected to terminal F through a capacitor f6. 
Similarly, inductor 3 is connected to terminal C 
through a capacitor T and inductor 4 is con 
nected directly to terminal D. 
The lamp utilized herein is of the so-called in 

stant-start variety, wherein electrode heating 
Current is not utilized, but the heating conse 
quent upon high voltage emission is relied upon 
to bring the electrodes up to a temperature ca 
pable of providing. Sufficient electron emission to 
ionize the lamp and start the arc therein. With 
this variety of lamp, starting occurs in the same 
Way as with the lamp shown in Fig. 1 except that 
the feature of supplying heating current to the 
electrodes is not utilized, and the resonant volt 
ages provided by the circulating currents are 
alone utilized for starting. 

In this circuit, the inductors are selected to 
have Substantially equal reactances at the op 
erating frequency and the capacitors are selected 
to have double the reactance of any one of the 
inductors. Accordingly, the circuits are still re 
Sonant at the operating frequency, but, since 
the reactance of the capacitor is twice what 
it was before, smaller size capacitors may be 
employed and this may be economically advan 
tageous under certain circumstances. Moreover, 
the life of the fluorescent lamp appears to be 
lengthened when inductive ballasts are provided 
in Series with the electrodes and the voltage 
Source, rather than exclusively capacitive bal 
lasts, and this circuit fulfills this requirement. 

Referring to Fig. 4, wherein like reference 
characters denote corresponding elements as in 
the preceding figures, there is provided a pro 
tective device for short circuiting capacitors is 
and 7 in case of failure of the lamp to start, 
for Some reason or other. It will be apparent 
that if the lamp should fail to start, a large cur 
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rent Would continue to flow through the fila 
mentary electrodes 3 and 4 and large resonant 
Voltages would be created across the circuit 
elements. This might cause dangerous heating 
of the circuit elements and possibly bring about 
their destruction. This occurrence could be safe 
guarded against by fusing each of the electrode 
circuits A-F and C-D. Another means of safe 
guarding the circuit might be to insert a thermal 
Switch With a lockout feature in series with 

75 

each. 
In accordance with my invention, I prefer to 

utilize another means which has the added ad Vantage of simplicity and economy and which 
does not require any resetting after operating. 
The protective element consists of a varistor 8 
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and a thermistor 9 connected in a parallel with 
capacitor 6, both elements being included in a 
container 20 (shown in dotted outline) in order 
to maintain them in thermal contact. Waristor 
f8 is composed of a material whose resistance 
decreases rapidly with an increase in the applied 
potential; thermistor 9 is composed of a na 
terial whose resistance decreases rapidly with a 
rise in temperature. With the combination 
shown, if lamp f fails to start and a large cur 
rent should continue to flow through the elec 
trode circuits, the large voltage developed acroSS 
capacitor 6 causes a substantial current to flow 
through varistor 8. Accordingly, varistor 8 
heats up and in turn causes thermistor 9 to 
heat up and its resistance to decrease to the 
point where capacitor 6 is effectively short cir 
cuited. From then on, the current through ther 
mistor 9 is sufficient to maintain it at a high 
temperature and short circuit capacitor 6 So 
that resonance is effectively destroyed in cir 
cuit A-F. A similar device 2 may be connected 
in circuit C-D to operate as a protective ele 
ment, therein. 
While certain specific embodiments have been 

shown and described, it Will, of course, be un 
derstood that various modifications may be 
made without departing from the invention. 
Thus, as has been mentioned before, various 
polyphase sources may be utilized instead of the 
six-phase supply which has been described. 
Likewise, it need hardly be mentioned that other 
circuit elements capable of performing the same 
electrical functions may be substituted for those 
shown. The circuit is adaptable to the operation 
of large numbers of lamps in parallel and these 
may be combined, as to their starting circuits, 
so that all the starting elements need not be 
duplicated in each individual lamp. The ap 
pended claims are, therefore, intended to cover 
any such modifications coming within the true 
spirit and scope of the invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. Apparatus for starting and operating an 

electric discharge device of the type including a 
pair of thermionic electrodes, comprising said de 
vice, a polyphase source of alternating voltage of 
predetermined frequency containing an even 
number of phase terminals not less than four, 
first and second pairs of reactive circuit elements 
respectively connecting said electrodes to dia 
metrically opposite pairs of adjacent phase ter 
minals, one of said elements in each pair of ele 
ments being Substantially equal in magnitude but 
opposite in Sign to the other in order to constitute 
a resonant circuit at said frequency. 

2. Apparatus for starting and operating an 
electric discharge device of the type including a 
pair of thermionic electrodes, comprising said de 
Vice, a six-phase Source of alternating voltage of 
predetermined frequency, first and second pairs 
of reactive circuit elements respectively connect 
ing Said electrodes to diametrically opposite pairs 
Of adjacent phase terminals, one of said elements 
in each pair of elements being substantially equal 
in magnitude but opposite in sign to the other 
in Order to constitute a resonant circuit at said 
frequency. 
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3. Apparatus for starting and operating ani 
electric discharge device of the type including a 
pair of thermionic electrodes, comprising said 
device, a polyphase source of alternating voltage 
of predetermined frequency containing an even 
number of phase terminals not less than four, 
first and second pairs of reactive circuit elements 
respectively connecting said electrodes to dia 
metrically opposite pairs of adjacent phase ter 
minals, One of Said elements in each pair of ele 
ments being Substantially equal in magnitude but 
Opposite in sign to the other in order to constitute 
a resonant circuit at Said frequency, the react 
ances of Said elements being selected in propor 
tion to the voltage required for starting a dis 
charge within said device and occurring as a 
result of the flow of current through said resonant 
circuit from adjacent phase terminals. 

4. Apparatus for starting and operating an 
electric discharge device of the type including a 
pair of thermionic electrodes, comprising said 
device, a polyphase source of alternating voltage 
of predetermined frequency containing an even 
number of phase terminals not less than four, 
first and Second pairs of reactances respectively 
connecting Said electrodes to diametrically op 
posite pairs of adjacent phase terminals, the re 
actances in each pair being substantially equal 
in magnitude, but one being inductive and the 
other capacitive in order to constitute a resonant 
circuit at Said frequency for augmenting the volt 
age acroSS Said electrodes at starting as a result 
of the flow of current within said circuit from 
adjacent phase terminals, said current serving 
Simultaneously to heat said electrodes. 

5. A circuit for operating and starting a flu 
Orescent lamp of the type comprising a pair of 
filamentary thermionic electrodes, comprising 
Said lamp, a polyphase source of alternating volt 
age of predetermined frequency containing an 
even number of phase terminals not less than 
four, a circuit for one of said electrodes including 
an inductive reactance connecting one end there 
of to a first phase terminal and a capacitive re 
actance of substantially equal magnitude con 
necting the other end thereof to a second phase 
terminal adjacent said first one, a similar circuit 
for the other of said electrodes including an in 
ductive reactance and a capacitive reactance of 
equal magnitude connecting the ends thereof to 
a third and to a fourth phase terminal adjacent 
to each other and diametrically opposite to said 
first and Second phase terminals, said circuits 
Serving simultaneously to heat said electrodes 
and to increase the voltage applied between them 
at Starting. 

ELLIOT Q. ADAMS. 
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