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For feeding fluorescent tubes from a direct current 
Source (e.g. a battery) it is necessary first to invert and 
then to transform the voltage in order to supply the flu 
Orescent tubes with a voltage suitable for their operation. 
For the inversion of the direct current devices are gen 
erally used which operate with moving contacts and/or 
windings. Either the inverter then feeds a transformer to 
which the various fluorescent tubes are connected by way 
of their series impedances, or each fluorescent tube or 
group of fluorescent tubes is fitted with a special trans 
former connected to the inverter, said transformer being 
of a current limiting design. The problem in this case 
is to maintain the current in the fluorescent tube con 
stant and independent of the voltage fluctuations of the 
direct current source which are often great. 
According to the invention a transistor inverter is 

used which shows such a characteristic that the current 
through the fluorescent tubes remains almost constant 
and independent of the voltage fluctuations of the direct 
current source. This may for instance be attained by the 
frequency of the inverter being changed approximately 
in proportion to the battery voltage, a reactive current 
limitation being then used. The advantage with an in 
Verter operating according to the said principle is that it 
is very simple and chiefly consists only of the transistor 
and the transformer. If the latter is provided with a 
Stray field and an iron core whose magnetization curve 
shows a pronounced knee, the fluorescent tube may be 
connected directly to the transformer without interposing 
further current limiting elements. 
The invention will be described in greater detail with 

reference to the attached drawings showing various cur 
rent circuit arrangements and diagrams in transistor in 
verters used for feeding fluorescent tubes. 

Fig. 1 is a schematic diagram of the invention; 
Figs. 2 through 4 are diagrams illustrative of various 

electrical values in operation of circuitry arrangements 
according to the invention; 

Fig. 5 is a schematic diagram of an embodiment of the 
inverter according to the invention illustrative of transis 
tor circuitry with the transistor connected in a push-pull 
configuration; 

Fig. 6 is a diagram of a modification of the transistor 
inverter according to the invention; 

Fig. 7 is a diagram of another modification of the tran 
sistor inverter according to the invention. 

Figure 1 illustrates the principle of the transistor in 
verter. When the switch 1 is closed, the battery 2 is 
connected via the transistor 3 to the primary winding 4 of 
the transformer, the transistor then operating with joint 
(grounded) emitter coupling. In the core of the trans 
former now a flux change proportional to time arises, 
said flux change coming to an end, however, as soon as 
the exciting current reaches the limit valve determined 
by the collector saturation current. At this point the 
transistor is cut off by the voltage of the feedback wind 
ing 5 falling to zero or changing direction, respectively, 
after which a new pulse starts. The duration of each 
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pulse is thus limited by the point of time when the excit 
ing current reaches the critical value, and the higher the 
battery voltage is the sooner this will take place. 

Figure 2 is an idealized diagram showing the progress 
during the positive half-wave of magnet flux, collector 
current and voltage across the winding 4 in an unloaded 
inverter and at a battery voltage E. as well as at the 
double battery voltage E2. When switch 1 is closed a 
small current starts to flow from the +-terminal of 
the battery 2 via the emitter base collector of the transistor 
to the primary winding 4 of the transformer and back to 
the -terminal. Thereby a voltage is induced in the 
winding 5 resulting in an emitter base current which re 
duces the resistance of the transistor and increases the 
current in the winding 4, which thus obtains practically 
the whole voltage E. The voltage induced in the wind 
ing 5 is therefore constant and almost equal to the 
product of the battery voltage and the tranformation ratio 
between windings 4 and 5. As a consequence, the cur 
rent in the emitter base circuit will be constant for in 
variable battery voltage. It is primarily restricted by a 
resistor 8 which thus determines the collector saturation 
current Ik. In order to balance the voltage E1, the flux 
FE, Figure 2, in the core of the transformer must grow 
proportionally to the time. 
the no-load exciting current IoE1 which, to begin with, 
grows slowly, but more rapidly according as the trans 
former iron beomes saturated, As soon as this exciting 
current has reached the value of the collector saturation 
current IkE, it will no longer grow. As the flux will 
then also stop growing the voltage of the winding 5 and 
therefore also the emitter base current disappears, the 
transistor being then choked. As a consequence thereof 
the collector current, that is the exciting current IoE1, 
vanishes. The magnet energy accumulated in the trans 
former iron generates a high voltage pulse in the winding 
4 in the opposite direction and is dissipated, in an un 
loaded converter, partly in the form of iron losses and 
partly in the form of copper losses and losses in the tran 
sistor. If desired it may charge a capacitor connected 
in parallel to the transformer. When the flux has ceased 
falling off a new pulse starts. 
Thus it is the peak value of the primary current of 

the transformer which determines the moment of commu 
tation said peak value being substantially equal to the 
collector saturation current of the transistor. This cur 
rent is primarily determined by the base emitter current 
flowing in that moment. If a resistor 8 of a constant 
value is chosen, the base emitter current becomes substan 
tially proportional to the voltage of the battery 2. 

If the battery voltage is raised or doubled in value, to 
E2, the growth of the flux must proceed twice as fast, 
for which reason the saturation of the transformer iron 
will cccur in half the time. The voltage induced in the 
winding 5 also obtains a doubled value on account of 
which the emitter base current is also doubled, The 
corresponding collector saturation current IkE2, however, 
will become somewhat less than the double IkE1 due to 
the falling current amplification characteristic of the tran 
sistor. If the core of the transformer consists of an iron 
material, the magnetizing curve of which shows a pro 
nounced knee, a very short interval will elapse, how 
ever, before to has grown from IkE to IkE2 in which 
moment the commutation at E2 takes place. As evident 
from Figure 2 the duration of the positive pulse will thus 
be practically inversely proportional to the voltage of 
the battery. 

According to the invention the current limiting in 
pedance necessary for the operation of fluorescent tubes. 
is chosen as an inductance, preferably as a stray field 

This flux is generated by 

in the transformer. The secondary current of the trans 
former, therefore, grows with the time, the curve for the 
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corresponding primary load current In will then run in a 
similar manner as Io, as will be seen from Figure 3. 

If such a transformer core iron is used the magnetizing 
curve of which shows a pronounced knee, and if the 
winding turn ratio and the resistor 8 are dimensioned in 5 
such a way that the collector saturation current is reached 
after the core has got into saturation, it will primarily 
be the peak value of the exciting current which deter 
mines the moment of commutation, also when the con 
verter is loaded, however, it being assumed that the pri 
mary current of the transformer consists, in the moment 
of commutation, chiefly of exciting current. Thus the 
moment of commutation at an inductive load will occur 
a very short moment earlier than at no-load running. In 
doubling the battery voltage the commutation will take 
place as before within half the time. It is evident that 
the strayfield of the transformer between the primary 
winding 4 and the secondary winding 6, to which the 
fluorescent tube 7 is directly connected, will react more 
at a higher frequency caused by an increase of the bat 
tery voltage, and vice versa, whereby an automatic con 
trol for maintaining a constant load current is attained. 

A mode of ignition particularly efficient is obtained 
in an arrangement according to Figure 6. According 
to the invention the rapid change in primary current oc 
curring at the end respectively the beginning of each 
pulse (see Figures 2-4) is used for generating high peaks 
of striking voltage in an auxiliary transformer whose 
primary winding 10 is connected in series with one or 
both of the primary windings of the main transformer, 
and whose secondary winding 11 is connected in series 
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If instead the circuits are dimensioned in such a way. 
that the exciting current will play a smaller part in 
the moment of commutation, it will be the peak value 
of the load current that is limited by the collector satu 
ration current. Hence, the commutation will take place 
as soon as the load current has reached the collector 
saturation current. 

voltage. fluctuations the arrangement is so devised that 
the base emitter current becomes independent of such 
variations, for instance, by adapting the impedance 8 
as a non-linear resistor operating to maintain a constant 
current. If the load is reactive, the commutation thus 
occurs earlier the higher the battery voltage is, and as . 
a consequence the current through the fluorescent tube. 
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In order to make this current and 
hence the load current practically independent of battery 30 
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will be almost entirely independent of the variations in . 
the battery voltage. These facts are depicted in Figure 
4 which shows that the commutation takes place at the 
same collector saturation current Ik at varying battery 
voltage. Conditions intermediating between the cases 
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according to Figures 3 and 4 may of course be applied 
in practice. 

In order to achieve larger power outputs and a sym 
metrical shape of curve it may be advisable to arrange 
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the inverter in push-pull connection, which does not 
change: anything as regards the principle of the inven 
tion, r. In Figure 5 such a push-pull connected inverter 
is shown which, in principle, operates in the same man 
ner as the inverter described in connection with Figure 1. 
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As soon as the transistor 3 is choked, due to the fact 
that the primary current of the transformer has reached 
the collector. Saturation current value, the transistor 3' 
will become conductive, in view of the fact that the 55 

voltage in the winding 5' changes sign as soon as the 
flux in the core starts to fall off. A fully symmetrical 
alternating potential will therefore be generated in the 
transformer and the frequency will be proportional to 
the battery voltage. 
As it is possible to attain rather high frequencies by 

means of such a device, the fluorescent tubes may be 
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ignited without employing a special ignition device, even 
if the tubes are so called hot cathode tubes, but there is 
nothing to prevent using the usual ignition devices. For 
instance, as shown in Figure 5, the secondary winding 6 
of the stray field transformer may be provided with two 
taps to which the filaments of the fluorescent tube are 
connected. Before the tube is ignited a voltage high . 
enough is generated across the filaments in order to ex 
pedite the ignition. The capacitor 9 assists in raising the 
voltage across 6, before the tube has ignited, where 
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upon the glow potential of the tube determines the volt 
age across 6. 75 

with the winding 6. The winding 11-may also be con 
nected in parallel with the whole winding 6 or a part 
thereof." By this arrangement the transformation ratio 
between 4 and 6 may be considerably reduced with an 
accompanying improvement in efficiency. As the trans 
former 4, 6 is adapted as a stray field transformer, it 
is possible in certain cases to omit a special pulse trans 
former 10, 11 by arranging the winding 10 on the wind 
ing 6 of the inverter transformer. In this case the wind 
ing 6 will undertake the function of the winding 11. 
An advantage: of the devices hitherto described resides. 

in the fact that the transistors, themselves do not act assi. 
current limiters beyond the very moment of commuta- - - 
tion, for which reason: the losses in-the-transistors are: 
small and the load capacity of the transistors is large. 

In those cases described above, more or less saw-tooth. 
shaped currents are obtained in the fluorescent tube. 
However, it is possible to cause the current to assume. 
a square shape of curve which results in a higher yield. 
of light in the fluorescent tubes as compared with that 
obtained with a sinusoidal or saw-tooth shaped current. 
In this case the limiting of the current through the tubes . 
is not attained by a series inductance but by dimension 
ing the control circuit of the transistor in such a way 
that the current obtains a square course. This is most 
simply carried out by feeding said control circuit from . 
a preconnected oscillator controlled inverter which at: 
the same time operates to maintain a constant current.'. 
amplitude on the output side. Figure.7 shows by way: 
of example such a device. 14 represents a push-pull 
connected oscillator operating in the same manner as ... 
described in connection with Figure 1 or 5. Through: , 
the secondary winding of the transformer 15 the oscil 
lator delivers a square alternating voltage to the con 
trol circuit of the inverter 16. The control voltage is . 
maintained constant, for instance by connecting in paral-... 
lel a voltage dependent-resistor 17. The inverter trans-s 
former 18 has a leakage as small as possible, so as not : 
to affect the shape: of curve of the current through the 
fluorescent tube, which current will depict the control . 
current. 
An advantage of the device according to the inven 

tion is the fact that the 'space requirement of the trans 
former and the other elements is so small that the con 
plete inverter may be assembled with the lamp fittings, 
in which case the metallic parts of the fittings may be 
arranged to serve as cooling surfaces for the transistors. 
What is claimed is: 
1. In combination, a lamp of the type employing an 

ionizable medium, a transistor inverter, a source of direct 
current, a strayfield transformer having primary winding 
connections to the transistor inverter and secondary wind 
ing connections to said lamp, means in the inverter for 
automatically varying the frequency of alternating cur. 
rent applied to the transformer substantially propor 
tionally to the voltage variations of the source of direct 
current comprising, a transistor element having a base 
electrode, a collector circuit in the inverter-including said 
source of direct current and a primary winding on said 
transformer, an emitter-base control circuit in the in 
verter including a potential generating winding on said 
transformer, a stabilizing resistance connected in said. 
emitter-base control circuit, said transformer having a 
core and a suitable stray field operatively associated with 
the secondary winding acting to compensate flux varia 
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tions in the transformer core by corresponding frequency 
variations to maintain the lamp current substantially con 
Stant. 

2. The combination according to claim 1, in which 
said transistor circuits are constructed to maintain the 
collector saturation current greater than the flux satura 
tion current of the transformer core for actual variations 
of the direct current source voltage. 

3. The combination according to claim 2, in which said 
transformer core has a magnetization curve with a pro 
nounced knee. 

4. The combination according to claim 3, in which the 
stabilizing resistance in the emitter-base control circuit 
has a fixed value sufficiently high to allow the control 
current to vary substantially proportionally to voltage 
generated by the potential generating winding of the 
control circuit. 

5. The combination according to claim 1, in which 
the stabilizing resistance in the emitter-base control circuit 
is variable to maintain the collector saturation current 
substantially constant for actual variations of the direct 
current source voltage, said transistor circuits being con 
structed to maintain the collector saturation current below 
the flux saturation current of the transformer core. 

6. A circuit arrangement for energizing a fluorescent 
lamp with alternating current comprising, in combination 
with the lamp, a source of direct current, a transistor 
inverter, a transformer having primary winding connec 
tions to the transistor inverter and secondary connections 
to said lamp, said transistor inverter comprising a transis 
tor element having a base electrode, a collector circuit 
including said source of direct current and a primary 
winding on said transformer, an emitter-base control 
circuit including a potential generating winding on said 
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emitter-base control circuit, the transistor inverter circuits 
having electrical values so chosen as to cause the fre 
quency of the transistor inverter to automatically vary 
substantially proportionally to the voltage of the source 
of direct current and the lamp circuit having inductance 
values so chosen as to compensate the frequency varia 
tions thereby to maintain the lamp current substantially 
constant, 
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