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This invention relates to electric circuits adapt 
ed to light fluorescent lamps and make their ap 
plication eSpecially suitable for use in connection 
with photographic enlargers. 

Fluorescent lamps consist of a glass tube which 
is closed at both ends. 
On its inside with a fluorescent substance and 
from which the air is exhausted, is filled with an 
inert gas, usually argon. An incandescent lamp 
filament is inserted through each end of the tube 
and connected to opposite poles of an alternating 
current electric circuit. Fluorescent lamps emit 
less heat than other types of electric lamps and 
have the further advantage that more light can 
be concentrated upon a given area, so that, when 
used in photographic enlargers for instance, the 
use of condenser lens may be eliminated. 
In order to start the lamps, it is necessary first 

to heat the filaments and then to supply a suf 
ficiently high starting voltage of 200 to 400 volts 
for establishment of an arc depending upon the 
length of the tube or tubes and the design of the 
lamp. When the arc is established, the voltage 
drops to approximately 30 volts. Like all gaseous 
conductor lamps, they must be used in series with 
a current limiting device, such as a resistor or a 
choke coil. 

Heretofore fluorescent lamps could not be used 
in photographic enlarging apparatus because of 
the fact that the above described circuits would 
not permit the lamps to be lit practically instant 
ly, but a variable time lag occurred between the 
closing of a Switch and the actual lighting up of 
the lamps. The instant application has for one 
of its principal objects the provision of an elec 
tric circuit which is adapted to start the lamp or 
lamps instantly with full light emission and to 
keep the same burning uniformly and constantly. 
Other objects and the novel combination of 

parts in which the invention resides will become 
apparent after a perusal of the following specifi 
cation in Connection with the accompanying 
drawing, in which 

Fig. 1 shows a circuit diagram of a fluorescent 
lamp as now in general use; 

Fig. 2 illustrates a circuit diagram of a fluores 
cent lamp embodying the basic principles of my 
invention; and 

Fig. 3 shows a diagram similar to the one illus 
trated in Fig. 2, but having added to it certain 
refinements making the use of fluorescent lamps 
particularly applicable to photographic enlargers. 

Like characters of reference denote similar 
parts throughout the several figures. 

Referring to Fig. 1 of the drawing, O repre 
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therein. A choke coil is shown at f , and a time 
delay switch which includes a bimetal strip 2 
and a heating coil 3. The strip 2 is heated by 
the coil 3 and is caused thereby to bend to open 
the circuit after a predetermined time. This in 
terruption of the circuit sets up a surge high 
enough to provide the starting Voltage to form an 
arc between the two filaments and to light the 
lamp. The maximum surge is obtained when the 
switch opens at the height of one of the 60 cycle 
Waves and no surge at all is obtained when the 
Switch happens to open when the current passes 
through the bottom of the curve at zero point. 
It is therefore not at all certain that the first 
opening of the switch will ignite the lamp and 
Several attempts may be necessary to establish 
the arc. Therefore, a delay from 1 to 10 seconds 
may occur before the lamp lights up. While this 
is of no consequence for ordinary applications 
it is obvious that a circuit of this type cannot 
be used for photographic applications and par 
ticularly for enlargers where the time of exposure 
must be accurately determined. 
My novel circuit as shown in Fig. 2 includes 

with the choke coil f, the fluorescent lamp O 
with filaments 9, a condenser 4. The choke 
coil has substantially a 90 degree lagging power 
factor and since the condenser has a 90 degree 
leading power factor, the Voltage across the con 
denser terminals equals almost the sum of the 
line voltage plus the voltage across the choke coil 
terminals. If the electrical dimensions of the 
choke coil and the condenser are chosen properly, 
it is possible to obtain 200 or more volts across 
the condenser which, under certain conditions, 
is enough to start the lamp. As soon as an arc 
is established the current passing through the 
lamp is in effect parallel to the current passing 
the condenser and, therefore, the voltage across the lamp will drop considerably. 
However a number of refinements are neces 

sary to make this simple circuit Work most de 
pendably in operation. A circuit embodying these 
refinements is illustrated in Fig. 3 and comprises 
principally the following: 

1. The current which passes through the con 
denser before the lamp starts is usually in excess 
of the current that the filament may safely with 
stand. It is therefore advisable to provide two 
Small shunt resistors 6 which are shown in Fig. 3. 

2. Practice with these lamps has shown that 
Some of them become unstable under the above 
conditions which is apparently due to the fact 
that the lamp may temporarily lose its resistance 
entirely and that then the electrical energy stored 

sents a fluorescent lamp with filaments 9-955 in the condenser may pass through the lamp at 
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a very high rate of speed. This condition is over 
come by connecting a resistor of approximate 
ly 100 ohms in series with the condenser which 
slows down the discharge. 

3. It has been previously stated that as soon 
as an arc is established in the lamp, the voltage 
across the flaments drops considerably. If the 
current passing through the condenser were 
negligibly small as compared to the current pass 
ing through the lamp, the lamp would assume 
substantially its normal operating voltage. This 
however, is not quite the case and therefore, the 
voltage impressed upon the lamp will be higher 
than desirable. (approximately 70 volts instead 
of 30 volts). It is therefore advisable to provide 
a switch in series with the condenser which dis 
connects the condenser when the lamp has 
started. This switch may again be a time delay 
switch 8 and its heater coil may be either in 
series or in parallel with the lamp. While this 
circuit as shown in Fig. 3 has a certain similarity 
with the one shown in Fig. 1 it must me empha 
sized that this lamp. starts within approximately 
one-tenth of one second entirely independent of 
the time delay switch, and that the time delay 
switch is not called upon to supply a Surge for 
starting the lamp. The starting voltage is Sup 
plied by the condenser alone and the switch 
merely disconnects the condenser after it has 
applied the starting voltage. 

4. The starting voltage of these lamps has been 
found to be about 400 volts. This is apparently 
due to the fact that a static charge accumulates 
on the glass wall, which is undesirable since it 
necessitates suitable insulation and since high 
starting voltages are difficult to obtain by simple 
means. This condition has been overcome in my improved circuit by providing auxiliary elec 
trodes or shields on the outside surface of the 
glass and by connecting these. electrodes either 
to the ground, to one side of the line or to any 
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cuit therefor including an inductance in series 
with said filaments and said discharge path, and 
a Condenser in series with said filaments and in 
parallel with said discharge path and a resistance 
having a positive temperature coefficient in series 
with the condenser and cooperating therewith 
to minimize the starting time of the lamp. 

2. A low voltage, tubular, fluorescent, gaseous 
discharge lamp having electrodes consisting of 
loW. voltage incandescent, electron emitting fla 
ments, one at each end of the tube, a gaseous 
discharge path between the filaments, an in 
ductance and a heating coil in series with the 
filaments and said discharge path; in combina 
tion, with an auxiliary starting circuit in series 
with the flaments and in parallel with said dis 
charge path and including a condenser, a sta 
bilizing resistance having a positive temperature 
coefficient and cooperating with the condenser to 
minimize the starting time of the lamp, and a . 
Switch Operating as a time, delay. Switch in re 
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sponse to the heating coil to disconnect the 
Condenser after the lamp is started. . 

3. A low voltage, tubular, fluorescent, gaseous 
discharge lamp and an electric system therefor 
providing an Operating circuit and a starting cir 
cuit, the operating circuit being a series circuit 
and including an inductance, a heating coil, a 
pair of incandescent electron emitting filaments: 
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point of the electrical circuit. These auxiliary 
electrodes may be of any suitable shape, such 
as a spiral of thin wire wound around the glass 
tube, or rings or other suitable configurations 
may be painted upon the side of the tubes with a 
conducting paint. Graphite with a suitable 
binder will answer the purpose satisfactorily. 
These electrodes should, of course, be arranged 
in such a manner as to interfere as little as 
possible with the light emission of the lamp. 
By these means the starting voltage of the lamp 
can be reduced to less than 200 volts. 

It is obvious, of course, that various changes 
in the minor details and disposition of parts of 
the circuit may be resorted to without depart 
ing from the principles or sacrificing any of the 
advantages of the invention as defined in the 
appended claims. 
What I claim as new is: 
1. A low voltage, tubular, fluorescent, gaseous 

discharge lamp having electrodes consisting of 
low voltage incandescent electron emitting fila 
ments, one at each end of the tube, and a gas 
eous discharge path between the filaments; in 
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combination with an instantaneous starting cir 

and a gaseous discharge path between the fila 
ments; and the starting circuit including the 
above operating circuit and in addition also in 
cluding circuit means in series with the filaments 
and in parallel with the discharge path, said cir 
cuit means comprising a condenser serving to 
cooperate with the inductance and filaments to 
provide the necessary starting voltage and to 
minimize the starting time of the lamp, a resist 
ance having a positive temperature coefficient 
in series with the condenser to stabilize the 
starting current, and a switch operable by said 
heating coil to disconnect the circuit means from 
the Operating circuit when normal operation of 
the lamp is established. 
4. A low voltage, tubular, fluorescent, gaseous 

discharge lamp and an electric system therefor 
providing an operating circuit and a starting 
circuit, the operating circuit being a series cir 
cuit and including an inductance, a pair of incan 
descent electron emitting filaments and a gaseous 
discharge path between the filaments; and the 
starting circuit including the above operating 
circuit and in addition also including circuit 
means in series with the flaments and in parallel 
with the discharge path, said circuit means com 
prising a condenser serving to cooperate with the 
inductance and filaments to provide the neces 
sary starting voltage and to minimize the start 
ing time of the lamp, a resistance having a posi 
tive temperature coefficient in series with the 
condenser to stabilize the starting current, and 
a time delay switch operable to disconnect the 
circuit means from the operating circuit, when 
normal Operation of the lamp is established, 
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