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ABSTRACT OF THE DISCLOSURE 
To provide a high output apparatus for a discharge lamp 

without reducing the lamp life and ei?ciency as compared 
with that of conventional operation, it is incorporated 
into a circuit which causes alternating discharge spots to 
be formed on the ?laments. This is achieved by applying 
a different frequency across the ?laments than the fre 
quency applied between the ?laments. 

This invention relates to devices employing ?laments 
which are operated at elevated temperatures, and more 
particularly to circuit for devices such as ?uorescent lamps 
and the like. 

It is an object of this invention to provide improved 
lighting circuits for discharge lamps, and more particu 
larly improved circuits in which low pressure mercury 
vapor lamps such as ?uorescent lamps and the like can 
be operated at high outputs with high el?ciency‘or with 
prolonged life. It is also an object of this invention to 
provide improvements in circuit and lamp e?iciency and 
to provide improved compact ballast. 

It is known that fluorescent lamps can be operated 
at high outputs when lamp current is increased over 
rating. However, in such operation, the are spot of a 
cathode ?lament is excessively heated resulting in short 
ened life and reduced lamp e?iciency. For example, a 
conventional 40 w. lamp having a tube 1.5 inches in di 
ameter and 48 inches long, when operated at 200 watts, 
has its e?iciency reduced‘ to 34% of its optimum value. 
Another well known method of increasing lamp output 

is the so-called “double spots” method. The double spots 
method is disclosed, for example, in T. Kobayashi Pat 
ents 2,802,143, 2,906,923, 3,047,712, and 3,114,076. In 
the circuits disclosed an impedance connected in series 
to lamp ?laments is divided or the phases of lamp voltage 
and ?lament voltage are shifted by 90 degrees so that 
two arc spots are formed on a single ?lament thus in 
creasing lamp current to substantially twice that of a 
conventional lamp without the defects of short life and 
low e?iciency. 
The present invention has, in common with the above 

described double spots system, the feature that a lamp 
can draw increased current and operate at high output 
with high e?iciency, while the defects of short life and 
low e?lciency are eliminated. 

In the invention, however, a single are spot is alternate 
ly formed at either end portion of each of the oppositely 
provided electrodes of a lamp. Therefore, at a given 
moment, there is theoretically formed only one are spot. 
However, when the alternating are spot forming cycle 
is short enough in comparison with the heat capacity or 
inertia of the ?lament, there appears an apparent plurality 
of arc spots at the points adjacent the terminals of the 
?lament. Thus the increased lamp current is distributed 
to a plurality of spots. 
The manner of forming an arc spot in a conventional 

?uorescent lamp is as follows: When the cathodes‘ are 
assumed to be made uniform, there appears one spot on 
the cathode and on the anode between which spots the 
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potential difference formed by the voltage supply is the 
largest. When the electric source is alternating, this spot 
is formed and extinguished on these two ?lament elec 
trodes according to the cycle of the source voltage. 

In accordance with the invention, when a voltage hav 
ing a frequency, for example, a high frequency voltage, 
which is different from the primary supply voltage is 
additionally applied, this high frequency voltage super 
posed on the primary source voltage causes two are spots 
on each cathode ?lament at the end portions thereof, 
which in reality are constituted by a single spot shifting 
between the points on the electrodes between which there 
is the largest potential difference. This: shift is based on the 
difference of the frequencies of the primary source voltage 
and the additionally applied high frequency voltage. 
The invention will next be described hereinafter in 

greater detail with reference to the acompanying drawing 
in which: 

FIG. 1 is a schematic diagram of a circuit illustrating 
the principles of the invention; 
FIG. 2 is a graph showing the relationship between 

frequency and temperature in a ?uorescent lamp; 
FIG. 3 is a graph showing the relationship between 

lamp current and temperature in a fluorescent lamp; 
FIG. 4 illustrates an embodiment of the invention in 

which shifting arc spots are employed; ' 
FIG. 5 illustrates another embodiment employing an 

auxiliary starting device; 
FIG. 6 is a schematic diagram of still another embodi 

ment of the invention; 
FIG. 7 is a chart illustrating a fluorescent lamp wave 

form; 
FIG. 8 illustrates another embodiment of the inven 

tion; 
FIG. 9 is a schematic diagram of still another embodi 

ment; and 
FIG. 10 illustrates lamp voltage waveforms; 
In FIG. 1, which illustrates the principles of this inven 

tion as noted above, points 1, 2, 3 and 4 are the points 
at which an are spot is most likely to be formed. Ele 
ments 5 and '6 are alternating current sources which heat 
the ?lament electrodes 9 and 10. Component 7 is a cur 
rent limiting resistor, and element 8 is a direct~current 
source for operating the lamp 11 which is a ?uorescent 
lamp. 
When the lamp is operated in this circuit, the direction 

of the lamp current is either from points 1 to 2 or 3 to 4. 
However, as mentioned above, there are provided the al 
ternating current sources 5 and 6, these sources having 
a frequency (7‘). Because of the voltage oscillation be 
tween points 1-2 and 3-4 due to these A.C. sources, a dis 
charge path is formed between one of points 1 and 2, and 
one of points 3 and 4. 
When the lamp is operated by an A.C. source 13, in 

stead of the DC. source 8, the direction of the discharge. 
path is alternatingly changed and the resistor 7 is re 
placed by a current limiting impedance 12. 

In the above-described arrangement, if the ?lament 
voltage is kept above a given value, a method of alter 
natingly forming an are spot at a plurality of points on 
the respective electrodes, but not forming a plurality of 
arc spots on any one of the electrodes at a given time, is 
provided. If this oscillation cycle is suitably selected with 
respect to the heat inertia of the ?lament at the are spot, 
the lamp current can be distributed through two spots. 
This can be achieved by frequency application according 
to the invention. 
More particularly, if on the supply‘ voltage, an addi 

tional voltage of different frequency such as a high fre~ 
quency voltage (for example, from the sources 5 and 6 in 
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FIG. 1) is superposed at either electrode, an arc spot is 
always formed on the ?lament adjacent one end thereof 
on which end the voltages of these two sources are super 
posed. Therefore, if these two sources have different fre 
quencies and are superposed at either end portion of a 
?lament, an arc spot appears alternatingly on one of the 
end portions of the ?lament. 
The cycle of the oscillation of the arc spot is ex“ 

pressed as: 
lf2_f1l (5) 

When the difference of frequencies is small, only one are 
spot is seen and the movement of this spot from one end 
to the other along the ?lament can be followed with the 
naked eye. When the difference increases to a certain or 
der (|f2—f1[=60 c./s.) two are spots appear to remain 
on the ?lament. 

FIG. 2 shows the relationship between the frequency 
and the red-heat temperature in a 40 w. rapid-start type 
fluorescent lamp. In this graph, the abscissa shows the 
frequency (f2) of the electrode heating voltage and the 
vertical axis shows the temperature of a red hot spot. 
From this graph, it is seen that the current can be in 
creased in proportion to the increase of a cycle of oscilla 
tion of the are spot. Therefore, when ]]‘1—]'2l is larger than 
the frequency of the primary source, a result superior to 
that of the so-called double spot method can be expected. 
In other words, the change of the temperature of a spot 
on the ?lament is much slower than the movement of the 
spot due to heat capacity of the ?lament. Thus, by select 
ing a suitable value for |f1—;f2|, the temperature of the 
red hot point is evenly distributed and the maximum tem 
perature of the ?lament is reduced for the same current. 
Since the evaporation of the electron emissive material is 
related to the temperature of the electrode, the permissive 
range of the value of current can be broadened. 
The range of the frequency and voltage by which the 

arc spot is oscillated is, within such values, quite easily 
obtained. For example, a high frequency ?lament heating 
source was experimentally found to be su?icient at about 
0.8 v., this value being a very small fraction of the ?la 
ment voltage (about 4 v.) used during operation of a 
lamp at 60 c./s. 

Although the arc spots are seen as being divided into 
two points, the current on the ?lament lead-in wires being 
switched does not become zero, according to the differ 
ence of the two frequencies after oscillation is achieved. 

FIG. 3 shows the relationship of lamp current and the 
temperature of the red hot spot. In this graph, the curve 
a is that of a conventional 40 w. rapid-start type ?uores 
cent lamp with a rapid-start ballast. This lamp is oper 
ated at 40 watts loading, the rated lamp current is 0.435 
a., and the temperature raises to about 1180” C. because, 
in this case, the phases of the ?lament heating source and 
the lamp voltage are approximately the same. 

However, if the ?lament is heated by a supply of a 
different frequency, such as a 180 c./s., 30 v. supply, two 
are spots are seen on each ?lament. The results are shown 
by the curves b and c. At the same are spot temperature, 
the lamp can draw a current of 0.8 a. (in case of the 
curve b) while operating. It therefore follows that if the 
are spot is oscillated, lamp life can be extended for a 
given lamp current. 

In the well known double spots method, an are spot is 
divided with a division of current which runs into the two 
spots. This is achieved by balancing the impedance ele 
ments connected to each ?lament terminal of an electrode. 
However, in actuality, the temperatures of these two are 
spots are not found to be the same, even though not 
theoretically well explained. 

According to this invention, this di?‘iculty of balancing 
the temperature of spots is eliminated. Additionally, as 
far as an are spot is concerned, it can be understood in 
the same way as a high frequency operation in which 
electrode loss is rather small. That means the temperature 
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of an are spot is not as high as that of usual frequency 
operation. That is, according to formula (1) above, the 
electrode loss is reduced. Indeed, excessive ?lament volt 
age increases the electrode loss, and there is an optimum 
value of ?lament voltage. 

In the example shown in FIG. 8 (as will hereinafter be 
described) the ?lament voltage Vf=1.5 V. was found by 
a monochrometer to minimize the evaporation of the emis 
sive material ‘for a 40 W. fluorescent lamp. The ballast 
construction according to this invention can supply a 
cathode voltage of 4 V. and 60 c./s. when starting a lamp 
and 1.5 V. and 180 c./s. after starting. Therefore, it ex 
tends the upper limit of the lamp current in comparison 
with a conventional ballast with which 4 V. 60 c./s. re 
mains on the ?lament after starting or a ballast with 
which the ?lament voltages are canceled after starting. 
This can be explained as follows: when the spot is con 
sidered, the heating and cooling of the spot is the same as 
a high frequency operation; therefore, the electrode loss 
is small; another ‘reason is that an exchange of power be 
tween two sources of different frequencies does not seem 
to take place. 

Referring next to the embodiment illustrated in FIG. 
4, element 101 is a fluorescent lamp having the oppositely 
provided electrodes 102 and 103. Elements 104, 105, 106 
and 107 are the terminals of the electrodes 102 and 103. 
Component 108 is a primary A.C. voltage source. Compo 
nent 109 is a leakage ballast comprising a primary coll 
110 and a secondary coil 111. Part 112 is an additional 
high-frequency source for heating the electrodes. Part 
113 is a transformer comprising a primary coil 114 and 
secondary coils 115 and 116. Source 112 has a different 
frequency from that of the primary source 108. For ex 
ample, when the source 108 is provided with a commer 
cially available frequency, the source 112 may have a high 
frequency such as about 2 kc. The secondary coils 115 
and 116 of the transformer 1.13 are connected to the elec 
trodes 102 and 103 respectively. 

Electrodes 102 and 103 are heated by a high-frequency 
voltage induced in the secondary coils 11S and 116 of the 
transformer 113. Consequently when the voltage induced 
in the secondary coil 111 of the leakage ballast 109 is 
applied to the electrodes 102 and 103, the lamp starts to 
operate. After that, discharge is stably maintained, as 
well known, by the inductance of the secondary coil 111. 

During operation of the lamp, the electrical potential 
of the electrodes 102 and 103 is alternated according to 
the cycle of the primary source 108 as well known. More 
over, according to this invention, the potential of the 
point adjacent each terminal 104, 105, 106, 107 is alter 
nated according to the cycle of the source 112 during 
every half cycle of the primary voltage source. 
Assuming the polarity indicated in FIG. 4 in a half 

cycle of the high-frequency source 112 during a half cycle 
of the primary source 108, the arc spot is formed on the 
cathode 103 adjacent its terminal 106. The lamp current 
?ows from the terminal 104 to the terminal 106. In the 
following half cycle of the source 112, the polarities of 
the terminals 104, 105 and 106, 107 are reversed, while 
the polarity of the voltage induced by the secondary coil 
111 of the leakage ballast 109 by the source 108 re 
mains unchanged. This time, an arc spot is formed at the 
other end of the ?lament of the cathode 103. The lamp 
current now flows from the terminal 105 to the terminal 
107 and the prior arc spot extinguishes. Indeed, the same 
alternation of the spot takes place in the subsequent half 
cycle of the source 108, except that this time the direc 
tion of lamp current is reversed. ' 
An are spot, as described heretofore, is formed at two 

points of a cathode ?lament alternatingly according to the 
difference of the frequencies of two electric sources. 
However, due to the heat capacity of the cathode ?la 
rent, when alternation of the spots is rapid enough, there 

effectively result two apparently simultaneous arc spots 
on a single cathode ?lament. Therefore, the lamp can 
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draw more lamp current. than with a conventional cir 
cuit thus achieving a more ef?cient and higher-output 
operation than is possible with a lamp operation in a con 
ventional circuit with increased current. 
An experiment on the above was conducted with a 

40 w. ?uorescent lamp. As a primary electric source there 
was employed 200 v., 60 c./s.; and as a cathode heating 
or potential alternating electric source 4 w., 2 kc. in 
verter were used. A lamp current of 910 ma. Was ob 
tained, while the lamp current of a conventional ?uor 
escent lamp with a single are spot drew only 435 ma. 
This is about a twofold increase. Outputs of about two 
times as large as a lamp with a conventional circuit were 
obtained. (In this experiment, the circuit shown in FIG. 
4 was used.) 

Another embodiment, which is particularly advan 
tageous for starting a lamp is shown in FIG. 5. In this 
circuit, a high-voltage coil 117 is ‘added to the ?lament 
transformer 113. This coil 117 is so connected as to 
apply high voltage to the electrodes 102 and 103 through 
a capacitor 118 to start the lamp. On the other hand, 
the primary coil 110 (FIG. 4) of the leakage transformer 
109 which develops the voltage of the primary source is 
eliminated. This embodiment provides a rapid start cir 
cuit. Additionally the capacitor 118 and the impedance 
element 111 prevent the mutual interference of the 
source 108 and source 112 while the lamp is operating. 
By the circuits shown in FIGS. 4 and 5, two are spots 

are formed on each cathode ?lament. It is, however, also 
possible to use an inverter instead of the high-frequency 
?lament heating source 112, so that the inverter can be 
operated by the source 108. 

Further, although it has been described that the source 
108 is a commercially available one, it is possible to have 
a source 108 with a higher frequency than that of the 
source 112. Furthermore, when many lamps are operated 
at once, it is advantageous to make the high frequency 
source common to all lamps. 
As described, this invention eliminates the disadvan 

tage of the short life of fluorescent lamps at high output 
operation by forming a plurality of arc spots. Since the 
distribution of the arc spots is based on oscillation, the 
spots are more stabilized than with the known double 
spots operation. Also, this invention makes it possible to 
provide a lighting system with ?uorescent lamps at a 
much reduced cost. 

Additionally, in these circuits, it is possible to provide 
taps a and b on one of the secondary coils 115 and 116 
of the transformer 113 and to supply lamp power there 
from. In this case the magnitude of the alternating arc 
spots can be made uniform by selecting the positions of 
the taps. When a suitable device is used as the source 112, 
the circuit can be provided at less cost than the conven 
tional double spot circuit. Further, if the starting voltage 
is derived from the high-frequency voltage which alter 
nates the spot, the core of the leakage transformer can 
be made smaller and the turns of the coil can be reduced. 

Further to the above, it is Well known that lamp volt 
age has a substantially rectangular waveform. This rectan 
gular wave contains odd number high harmonics. Accord 
ing to another embodiment of the invention, if a suit 
able device is employed, the cathodes of a lamp can be 
effectively heated and the spot alternated by these high 
harmonics. 

In FIG. 6, elements 2.01 and 202 are the terminals of 
an electric source of commercially available frequency. 
Element 203 is an impedance element for the stabilization 
of lamp operation. Part 204 is a ?uorescent lamp with 
electrodes 205 and 206. Next, in accordance with this in 
vention, there is provided a high pass ?lter 207 between 
each of the terminals of the lamp cathodes. Also, the sec 
ondary coils 209 and 210 of cathode heating transformer 
208 are connected to the cathodes 205 and 206 respec 
tively. The primary coil 2.11 of the transformer 208 is so 
arranged as to be operated by the outputs of the ?lter 207. 

6 
In the above described arrangement, if the discharge 

lamp is started by any conventional means, the waveform 
of the lamp voltage becomes rectangular as shown in FIG. 

. 7. The development of the rectangular Waveform is a well 
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known characteristic of discharge tubes according to 
which the voltage drop across a tube follows the applied 
voltage until discharge occurs after which the voltage drop 
as shown in FIG. 7 maintains an almost constant level 
until the discharge is extinguished. This rectangular volt 
age is applied to the ?lter 207. As is well known, a rectan 
gular wave contains many high harmonics. The output of 
the ?lter 207 is mainly constituted by voltages of third 
high harmonics. This voltage is applied to the cathodes 205 
and 206 through the transformer 208,. so that the cathodes 
205 and 206 are heated by a voltage having a frequency 
of three times that of the discharge lamp current. 

Therefore, the electric potential at either end of each 
?lament is alternatingly changed during each half cycle 
of lamp current. With this alternation of the potential, an 
arc spot is alternatingly formed at two points on each ?la 
ment which substantially appear as two spots. Thus, the 
lamp can draw increased current Without excessive heat 
ing of the arc spot. 

FIG. 8 shows another embodiment of this invention. 
In this embodiment, each primary coil 2223 and 224 of 
the transformers 221 and 222, which are connected in 
series with e‘ach other, is disposed between the electrodes 
2045 and 206 of lamp 204. A capacitor 225‘ is connected 
in parallel with the primary coil 224- of the transformer 
222. 

According to this arrangement, a voltage having a 
higher frequency than the voltage applied across the tube 
is applied to the primary coil 223 of the transformer 221 
due to the ?ltering of the rectangular Waveform discussed 
above relative to FIG. 7. More particularly, pairs of 
secondary coils 226 and 227, and 2218 and 229, of the 
transformers 221 and 222, the coils 226 and 228 and the 
coils 227 and 229 are connected respectively in series, 
with opposite polarities, to each other and are connected 
to apply voltage to ‘cathodes 205 and 206 respectively. 
Thus, each cathode is heated by the high frequency com 
ponents of the discharge rectangular-Wave voltage. There 
fore, a function which is the same as in the embodiment 
shown in FIG. 6 is achieved. 
The terminal voltage of the lamp before it starts to 

operate is a sine curve. In the embodiment shown in 
FIG. 8, the secondary coils of the transformers 221 and 
222 are arranged in such a manner that the basic wave 
.in the rectangular Wave and the basic wave from the main 
source cancel each other. With this arrangement there 
fore, the cathodes cannot be heated and consequently the 
lamp cannot start to operate unless a suitable counter 
measure is taken. In order to overcome this problem, a 
magnetic material having good hysteresis characteristics is 

' used for the core of the transformer 221. A high voltage 
with which the electrodes are heated is induced only‘ in 
the secondary coils 228 and 229 of the transformer 222 
because, when the source is applied, a voltage equal to 
the source voltage is applied to either end of the lamp 
and the core of the transformer 2211 saturates immedi 
ately. Almost all source voltage is applied to the primary 
icloil 2214 of the transformer 222, and only slight voltage 
is induced in the secondary coils 226 and 227. The bal 
last 203 and the capacitor 225 are connected in series so 
that, at this time, the voltage to be impressed on the ter 
minals of the lamp is developed, resulting in a good 
‘star-ting of the lamp. After the lamp is started, the lamp > 
voltage decreases and the core of the transformer 221 is 
no longer saturated. Then it functions as described above. 

‘In the above arrangement, if this circuit is connected 
to a source of 60 c./s., 200 v., the capacitor 225 induces 
a c‘on'den‘sor voltage of about 270 v. due to the series con 
nection of the ballast 2013, capacitor 225' and the primary 
coil 223 of the transformer 221. This condenser voltage, 
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which is impressed on the ?laments 205 and 206, is well 
above the voltage required (230 v.) by the lamp to start. 
The ?laments 205 and 206 are, at this time, heated 

by the rated preheating power, so that the lamp can start. 
Additionally, this arrangement eliminates the leakage 
tnansformer to develop the voltage and reduce the cost. 
Also, the ballast loss of a conventional 4-0 W. one-lamp 
ballast is about 18.2 W. and the e?iciency of the lighting 
system (including ballast and lamp) is about 51 lm./w., 
while according to this invention, the e?iciency is kept at 
more than 51 lm./W. at 60 W. operation of the same lamp. 
This is explained by reduction of circuit loss (except in the 
lamp). Furthermore, the. reduction of spatter at starting 
and during operation can be observed in the combination 
of a lamp and circuit according to this invention. 
As described heretofore, the last two embodiments of 

the invention utilize high harmonics contained in the 
rectangular wave of the lamp voltage, so that the cathode 
heating voltages or spot alternating voltages of frequency 
different from that of the lamp operating voltage are 
easily obtained. In a test conducted relative to these em 
bodiments, the following data were obtained: 
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is closed by the switch 306, the ?laments 302 and 302’ are 
heated by the power necessary to preheat them through 
the transformer 310. The secondary voltage of the trans 
former 304 is impressed on the ?laments 302 and 302’; 
consequently, the lamp is started and at the same time 
switch 306 is turned off. 

After a lamp is started, the lamp voltage takes the’form 
as shown in FIG. 10(A) which is the well known rec 
tangular wave indicated hereinabove. In this wave, there 
are contained high ‘frequencies. These high frequencies are 
derived from the potential oscillation of the'anode. In 
deed the frequencies of this oscillation are much higher 
(about 2 kc./ s. than that of the source 303. 

In operation if the electrode 302 is the anode, the-sec 
:- ondary coil 308 is energized by the inherent potential vari 

ations which will take ‘place in the ?lament 302 due to 
minor current ?uctuations. A voltage is thereby induced 
in the secondary coil 309 which is electromagnetically 
connected to this coil 308. The potential of two points of 
the ?lament 302’ is therefore oscillated by the voltage in 
duced in this coil 309 since this latter voltage is of a high 
er frequency than the voltage applied across the tube. At 

Comparative Data 

Supplement Ballast Lamp Ib Etd Wp Wtd 1m. 1m./Wp 
(A) (V ) (W) (W) (lumen) 

(a) 40 w. conventionaL _ __ _ FL R40 w. _ 0. 459 100 58. 9 40. 7 3, 030 51. 5 
(b) 60 w. invention ______ __ FLB-iO w__ 0.780 89 74. 6 58. 5 4, 075 54. 6 

FLR: Rapid start fluorescent lamp. 
Wtd=Power consumption of lamp. 
Wp=Power consumption of lighting system. 
lm./Wp=Ef?cieney of lighting system. 
Ib= Lamp current. 
Etd=Lamp voltage. 
The experiment was conducted with the circuit shown in Fig. 8. A. 

200 v. Capacitor 1.5 pf. 

It has been proposed above the operate ?uorescent 
lamps and the like in such a manner as to form an arc 
spot alternatingly at two different points on a cathode 
?lament so that increased supply current can be distrib 
uted between two spots without excessive heating of any 
are spot while achieving high output operation. 

It is advantageous, in the above method, that the arc 
alternating cycle on the cathode ?lament be short enough 
that the supply current can be desirably distributed. There 
fore it is necessary to connect the cathode ?lament to a 
high frequency supply source. 

‘In a ?uorescent lamp or the like, an are spot takes on 
‘aspects when a ?lament is functioning as a cathode which 
are different from when the ?lament is functioning as an 
anode. When the electrode is positive or functioning as 
an anode, the electrons run into the ?lament electrode 
substantially all over the surface thereof. On the contrary, 
ion flow is concentrated to one point of the cathode ?la 
ment. Therefore, in order to operate a lamp at high out 
puts, it is not always necessary to oscillate the potential 
of a plurality of points on the anode electrode and it is 
enough to oscillate only the points of the cathode. 

In accordance with the following embodiments of the 
invention, it is an object to operate lamps at high outputs 
in such a manner that the oscillation of the potenial 
disribution of the anode electrode (anode oscillation) 
is utilized to oscillate the are spot on the cathode ?lament. 

‘One such embodiment of this invention is shown in 
FIG. 9 wherein ?uorescent lamp 301 has oppositely pro 
vided ?laments 302 and 302’. Alternating current source 
303 is used for operating the lamp. Ballast 304 is, for 
example, a leakage transformer. Impedance element 305 
is used for limiting current to the lamp. Element 306 is a 
switch for starting the lamp. In this embodiment, a 
transformer 3210 having a primary coil 307 and secondary 
ico‘ils 3018 and 309 is provided. The primary coil is con 
nected to the source 303 though the switch 306‘ and the 
secondary coils 303 and 309 are connected to the ?la 
ments 302 and 302’ respectively. 

In the above described arrangement, when the circuit 
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this moment, the ?lament 302’ is functioning as a cathode, 
so that an are spot is alternatingly formed on two points 
of the cathode ?lament. As a result, the lamp is operated 
at high output. 
When the ?lament 302' functions as an anode,'the sec 

ondary coil 309 is energized by the potential oscillation 
of the ?lament 302'. The induced voltage in the secondary 
coil 308 is impressed on the cathode 302. 

In order to cancel the variation of magnetic ?ux being 
induced in the core of the transformer 308 or 309 accord 
ing to the frequency of the source 303, which is due to 
the secondary current of the transformer 304 ?owing to 
the secondary coils 308 and 309, it is necessary to connect 
to or wind the secondary coils 308 and 309, as shown in 
the drawing, about the core of the transformer 310. If 
not so connected, the spots on the ?laments 302 and 302' 
are oscillated according to the source frequency and not 
according to the anode oscillation. 
The invention has been explained (with ?uorescent 

lamps, but the circuits are also applicable to all types of 
low pressure mercury vapor discharge lamps for illumina~ 
tion, sterilization, photocopy uses, and so forth. 

There will now be obvious to thoseskilled in the art 
many variations of the above apparatus and techniques. 
The variations will ‘come within the scope of the inven 
tion if de?ned by the following claims. 
What we claim is: - 
1. Apparatus comprising a discharge lamp including 

at least one ?lament and at least one ?rst means adapted 
to function as an anode, cooperating with said ?lament, 
second means to apply an AC. voltage between said 
?lament and said ?rst means to pass a current through 
said lamp, and third means to cause alternating arc 
spots to be formed on said ?lament through which said 
current passes, ‘said ?rst means being a ?lament spaced 
from the ?rst said ?lament, said ?laments interchangeably 
functioning as anodes and cathodes depending on the 
voltage supplied by said second means, said third means 
supplying power to said ?laments and causing alternating 
arc spots to be formed on the ?rst said ?lament, said sec 
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ond and third means including sources of AC. voltages 
of different frequencies. 

2. Apparatus as claimed in claim 1, wherein said third 
means includes ?lament power supplies coupled across 
respective of said ?laments and said second means includes 
a voltage source coupled between said ?laments. 

3. Apparatus as claimed in claim 1, wherein said third 
means comprises a ?lament power source and a trans 
former coupled thereto, said transformer including two 
secondary windings respectively coupled across said ?la 
ments. 

4. Apparatus as claimed in claim 1, wherein said third 
means comprises a ?lament power source, a transformer 
coupled to said source and including two secondary wind 
ings respectively coupled across said ?laments, said trans 
former further including a high voltage winding and ca 
pacitor coupled in series between said secondary windings 
to provide a rapid start circuit. 

5. Apparatus comprising a discharge lamp including at 
least one ?lament and at least one ?rst means adapted to 
function as an anode cooperating with said ?lament, sec 
ond means to apply an AC. voltage between said ?lament 
and said ?rst means to pass a current through said lamp, 
and third means to cause alternating arc spots to he formed 
on said ?lament through which said current passes, said 
?rst means being a ?lament spaced from the ?rst said ?la 
ment, said ?laments interchangeably functioning as anodes 
and cathodes depending on the voltage supplied by said 
second means, said third means supplying power to said 
?laments and causing alternating are spots to be formed 
on the ?rst said ?lament, the voltage waveform which re 
sults between said ?laments being rectangular’ said third 
means comprising ?lter means coupled between said ?la 
ments to derive relatively high {frequency components 
from said waveform and to apply such components across 
said ?laments. 

6. Apparatus as claimed in claim 5, wherein said ?lter 
means is a high pass ?lter adapted for passing third har 

> monies, said third means further comprising a transformer 
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coupled to said ?lter and including two secondary wind 
ings respectively coupled across said ?laments. 

7. Apparatus as claimed in claim 5, wherein said third 
means includes two transformers including respective pri 
mary windings connected in series between said ?la 
‘ments, said transformers each further including ?rst and 
second secondary windings, the ?rst secondary windings 
being connected in series with opposite polarity across 
one of the ?laments, the second secondary windings being 
connected in series with opposite polarity across the other 
of the ?laments. 

8. Apparatus as claimed in claim 7, comprising a ca 
pacitor connected across the primary winding of one of 
said transformers. 

9. Apparatus as claimed in claim 8, wherein the other 
of said transformers includes a core adapted for rapid 
saturation. 

10. Apparatus as claimed in claim 1, wherein said third 
means causes alternating arc spots only on the ?lament 
which is instantaneously functioning as the cathode ac 
cording to the cycle of the AC. voltage supplied by said 
second means. 

11. Apparatus as claimed in claim 22, wherein said 
second and third means collectively comprises a source 
of said AC. voltage, and a switch and a transformer con 
nected in series with said source, said transformer includ 
ing ‘two electromagnetically coupled secondary windings 
respectively coupled to said ?laments, said source being 
coupled between said ?laments. 
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