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57 ABSTRACT 

An apparatus for operating a fluorescent lamp having first 
and second power source circuits, the second power source 
circuit including a high frequency transformer having two or 
more outputs for Supplying pre-heating electric currents to 
filaments, the second power source circuit being arranged to 
be controllable individually from the first power source 
circuit for supplying a tube electric current to turn on a 
fluorescent lamp so that the electric power level for pre 
heating the filaments is switched between a state where a 
light adjustment is performed by turning on/off a tube 
electric current at high frequency and a state where the 
fluorescent lamp is turned off in a standby mode. 

32 Claims, 17 Drawing Sheets 
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FILAMENT VOLTAGE FIG. 1. 4 ( a) 

FIG. 14(b) 
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APPARATUS FOR OPERATING A 
FLUORESCENT LAMP OF AN MAGE 

FORMINGAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus for operating 

a fluorescent lamp which is used as a light source in a 
copying machine or facsimile apparatus and which exposes 
an original document to light. 

2. Description of Related Art 
Hitherto, a light source for exposing an original document 

to light in a copying machine, such as an electrophoto 
graphic apparatus, has mainly been a halogen lamp or a 
fluorescent lamp. A fluorescent lamp is usually employed in 
a low-speed machine that does not require a large amount of 
light. Since the fluorescent lamp consumes a very small 
amount of electric power, employment of a fluorescent lamp 
in higher speed machines is preferable. 
An example of a drive circuit and of a control circuit for 

a fluorescent lamp to be mounted on a copying machine are 
shown in FIG. 17. 

Reference numeral 1 represents a fluorescent lamp, 2 
represents an inductor for limiting an electric current for 
turning on the fluorescent lamp 1, 3 represents an inverter 
transformer, 4 represents an inverter transformer drive 
transistor, 5 represents a resonance capacitor, 6 represents a 
DC stabilizing power source in the apparatus, 7 represents a 
diode bridge, 8 represents a control transistor for turning the 
fluorescent lamp 1 on and off, 9 and 10 represent bypass 
capacitors, 11 and 12 represent filaments in the fluorescent 
lamp 1, and 13 represents an oscillator. Reference numeral 
20 represents a commercial AC power source, 21 represents 
an AC-to-DC converter for generating a low-level DC 
output voltage VDD for use in the apparatus from the 
commercial AC power source 20, 22 represents a system 
controller for controlling the system of the apparatus, and 23 
represents a mode signal for controlling the output voltage 
VDD from the AC-to-DC converter 2. 
The operation of the circuit shown in FIG. 17 will now be 

described with reference to a timing chart shown in FIG. 18. 
When electric power is supplied to the apparatus, the appa 
ratus is brought into a standby mode. At this time, a standby 
mode signal is supplied from the controller 22 to the 
AC-to-DC converter 21. This results in an output voltage 
VDD from the AC-to-DC converter 21 that is lower than the 
voltage level required in the copying operation, the lower 
voltage level being 12 V in this embodiment. 
The fluorescent lamp 1 is turned off during the standby 

mode. However, a low level pre-heating electric current 
must be supplied to the filaments 11 and 12 in order to 
smoothly turn on the fluorescent lamp 1 when the copying 
operation starts. In this case, the output voltage from the 
AC-to-DC converter 21 is applied to an end of the input of 
the inverter transformer 3. Another end of the input is 
switched on and off at a frequency of 30 KHz in accordance 
with an output from the oscillator 13 input to the base of 
inverter transformer drive transistor 4. Thus, a high level 
voltage Vh resulting from the winding ratio is outputted 
from the inverter transformer 3. Since the Light On signal is 
off, the diode bridge 7 is short-circuited by the control 
transistor 8 at this time, and the output from the inverter 
transformer 3 forms a series circuit with the inductor 2, the 
filament 11 in parallel with the bypass capacitor 9, and the 
filament 12 in parallel with the bypass capacitor 10. 
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2 
Therefore, in the case where the impedance of the filament 
is quite low, the output coil electric current is approximately 
as follows: 

WhijcoL. 

A value obtained by subtracting an electric current flow 
ing through the bypass capacitors 9 and 10 from the fore 
going value is the pre-heating electric current which flows 
through the filaments 11 and 12 of the fluorescent lamp 1. In 
this embodiment, afilament electric current of 350 mA flows 
at this time; this state is called a half pre-heating state. 
When a copying key is then depressed, a copy mode 

signal is supplied from the controller 22 to the AC-to-DC 
converter 21. As a result, the output voltage V from the 
AC-to-DC converter 21 is raised to a level with which each 
unit in the apparatus can be operated, the raised level being 
24 V in this embodiment. Thus, the output coil voltage from 
the inverter transformer 3 is substantially doubled, and 
therefore the pre-heating electric current is substantially 
doubled. In this embodiment, a filament electric current of 
700 mA flows at this time and the foregoing state is called 
a full pre-heating state. The full pre-heating state that exists 
immediately before the fluorescent lamp is turned on is 
effective to quickly turn on the fluorescent lamp 1. Usually, 
the foregoing process is a required sequence. 
The short-circuit state of the diode bridge 7 is suspended 

when the original documentis exposed to light by turning on 
the Light On signal which turns on the control transistor 8. 
This causes the output voltage from the inverter transformer 
3 to be applied to both ends of the fluorescent lamp 1. As a 
result, the fluorescent lamp 1 is turned on. When the 
exposure time expires, the diode bridge 7 is again short 
circuited, causing the fluorescent lamp 1 to be turned off. 
The full pre-heating mode continues until the apparatus 
completes the post-exposure processing of the copying 
operation and the apparatus then returns to the standby 
mode. 
A high-speed machine is able to employ a fluorescent 

lamp as the exposing light source only if the fluorescent 
lamp is capable of emitting a large amount of light and has 
along operating life. For the fluorescent lamp to emit a large 
amount of light, to have stable light adjustment capability 
for preventing flickers, to lengthen the life of the filaments 
thereof, and to prevent blacking of the tube surface near the 
filaments, the temperature of each filament at the time of the 
light adjustment must be controlled precisely. 

However, the conventional method cannot, in the opera 
tion sequence of the apparatus, precisely control the pre 
heating electric power for use in the light adjustment pro 
cess. Use of the conventional method also causes exhaustion 
of electron emission substances in the filaments, disconnec 
tion of the filaments and reduction in the light quantity due 
to excess blacking of the tube surface, thereby shortening the 
operating life of the filament. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide an apparatus for operating afluorescent lamp for use 
as a light source in a copying machine or a facsimile 
machine for exposing an original document to light, the 
apparatus being capable of quickly turning the fluorescent 
lamp on and lengthening the life of the same. 

Another object of the present invention is to provide an 
apparatus for operating a fluorescent lamp having an 
arrangement wherein the fluorescent lamp is pre-heated in 
accordance with the state of operation of the fluorescent 
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lamp so as to quickly turn the fluorescent lamp on and 
lengthen the life of the same. 

Another object of the present invention is to provide an 
apparatus for operating afluorescent lamp capable of turning 
on a fluorescent lamp in a copying machine or a facsimile 
machine for exposing an original document to light. 

According to one aspect of the present invention, there is 
provided an apparatus for operating a fluorescent lamp 
having a first power source unit for supplying a tube electric 
current to a fluorescent lamp to turn on the fluorescent lamp; 
a Second power Source unit for Supplying pre-heating elec 
tric currents to filaments of the fluorescent lamp; and a 
switching unit for Switching the electric power level of the 
pre-heating electric currents to be supplied to the filaments 
by the second power source means. 

According to another aspect of the present invention, 
there is provided an apparatus for operating a fluorescent 
lamp having a first power source unit for supplying a tube 
electric current to a fluorescent lamp to turn on the fluores 
cent lamp; a second power source unit for supplying pre 
heating electric currents to filaments of the fluorescent lamp; 
and a control unit that monitors an output from the second 
power source means to control the electric power level of the 
pre-heating electric currents to be supplied from the second 
power source means to the filaments. 

Other and further objects, features and advantages of the 
invention will be evident from the following detailed 
description of the preferred embodiments in conjunction 
with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram which illustrates a first embodi 
ment of the present invention; 

FIG. 2 is a timing chart which illustrates the first embodi 
ment of the present invention; 

FIG. 3 is a circuit diagram which illustrates a drive circuit 
according to the first embodiment of the present invention; 

FIG. 4 is a timing chart which illustrates the second 
embodiment of the present invention; 

FIG. 5 is a block diagram which illustrates a third 
embodiment of the present invention; 

FIG. 6 is a timing chart which illustrates the third embodi 
ment of the present invention; 

FIG. 7 is a block diagram which illustrates a fourth 
embodiment of the present invention; 

FIG. 8 is a block diagram which illustrates a fifth embodi 
ment of the present invention; 

FIG. 9 is a block diagram which illustrates the fifth 
embodiment of the present invention; 

FIG. 10 is a diagram which illustrates a circuit in an 
apparatus for turning on a fluorescent lamp; 

FIG. 11 is a diagram which illustrates a circuit in an 
apparatus for turning on a fluorescent lamp; 

FIG. 12 is a circuit diagram according to a sixth embodi 
ment of the present invention; 

FIG. 13 is a circuit diagram which illustrates the primary 
side of a transformer T1 according to the sixth embodiment 
of the present invention; 

FIG. 14 (a) is a graph showing the filament voltage 
waveform of the seventh embodiment of the present inven 
tion; FIG. 14 (b) is a graph showing the filament voltage 
waveform of the conventional apparatus; 

FIG. 15 is a circuit diagram which illustrates a portion of 
the seventh embodiment of the present invention; 
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4 
FIG. 16 is a circuit diagram which illustrates a portion of 

an eighth embodiment of the present invention; 
FIG. 17 is a block diagram which illustrates an example 

of the structure of a conventional apparatus; and 
FIG. 18 is a timing chart which illustrates the operation of 

the conventional apparatus. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention will now be described in detail 
while taking preferred embodiments for example. 

First Embodiment 

Referring to a block diagram shown in FIG. 1 and timing 
charts shown in FIG. 2, a first embodiment of the present 
invention will now be described. The same elements as those 
of the foregoing structure are given the same reference 
numerals and their descriptions are omitted here. 

Reference numeral 100 represents a first drive circuit for 
generating an electric current to be supplied to a glow starter 
of the fluorescent lamp 1. In this embodiment, the first drive 
circuit 100 is not involved in pre-heating the filaments. 
A second drive circuit 200 is a circuit used only for 

pre-heating the filaments such that precise and sufficient 
pre-heating electric power is supplied to each of the fila 
ments from the first drive circuit 100. 

Reference numeral 31 represents a high-frequency trans 
former for Supplying pre-heating electric currents to the 
filaments 11 and 12. The high-frequency transformer 31 
according to this embodiment comprises two output-coils 32 
and 33 connected to the filaments 11 and 12, respectively, of 
the fluorescent lamp 1, and an input coil 34 for supplying 
electric power. Reference numeral 35 represents a coupling 
capacitor for AC-coupling outputs of transistors 36 and 37 
and the transformer 31. Reference numeral 38 represents a 
Switching transistor that receives a signal from an oscillator 
39 serving as an oscillation source for driving the fluorescent 
lamp to supply a high or low level signal to the output ports 
36 and 37. 
The operation of the second drive circuit 200 is inter 

rupted when the level of a pre-heating turning-on signal 44, 
supplied through connection by the controller 22, is high, 
and therefore a switching device 40 is short circuited. 
Similarly, the operation of the second drive circuit 200 is 
interrupted by an inverter 42 and a switching device 41 when 
the level of a turning-on signal 43, supplied through 
connection, is low. As a result, pre-heating is completely 
inhibited during a period in which the fluorescent lamp 1 is 
turned on. In this embodiment, an assumption is made that 
the filament temperature is raised sufficiently during a period 
in which the fluorescent lamp 1 is turned on and no external 
pre-heating is required. If the characteristics of the fluores 
cent lamp 1 cause the filaments 11 and 12 to be sufficiently 
pre-heated, the Switch 41 may be omitted from the structure. 

In the foregoing arrangement, the function of the drive 
circuit for supplying the electric current to the fluorescent 
lamp and the function of the circuit for pre-heating the 
filaments are completely separated from each other. This is 
one of the characteristics of this embodiment, the arrange 
ment providing the following effects: 

(1) In a case where the first drive circuit 100 provides, for 
example, output OUT3, which is one of outputs of a multi 
output-type transformer as shown in FIG. 3, when the loads 
of other outputs are considerably changed, the output from 
the coil for the fluorescent lamp is excessively affected, and 
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the stability becomes unsatisfactory, but a quite stable and 
accurate pre-heating electric current can be supplied from 
the second drive circuit completely independent of load 
change. 

(2) In a case where the maximum filament pre-heating 
electric current required is larger than the maximum tube 
electric current for the fluorescent lamp generated by the 
first drive circuit 100, the electric current for pre-heating the 
filaments can be partially or fully supplied from the second 
drive circuit that can be controlled independently from the 
first drive circuit. 
The operation and the characteristics of the sequence will 

now be described with reference to a timing chart shown in 
FIG. 2 in such a manner that the process is classified into the 
following states: 

(1) A state where the apparatus is in a standby mode in 
which the fluorescent lamp is turned off and the filaments 
half-way pre-heated. 

(2) A state before the fluorescent lamp is turned on and the 
filaments are fully pre-heated. 

(3) A light adjustment state in which the fluorescent lamp 
is switched on or off at high frequency. 

(1) Since the apparatus is in the standby mode, the level 
of the turning-on signal is raised and the diode bridge 7 is 
short-circuited. Therefore, no voltage is applied to the two 
ends of the fluorescent lamp 1 from the first drive circuit 100 
and thus no tube electric current flows. On the other hand, 
the pre-heating turning-on signal consists of a 50%-duty, 5 
KHZ signal which turns on/off the switching device 40. The 
switching device 40 gates 32 KHz original clocks serving as 
pre-heating drive signals which are output from the oscil 
lator 39 at each 200 us for a period of about 100 us. Thus, 
an effective voltage, which is substantially the half of the 
voltage which is applied at the time of the full pre-heating 
mode, is applied to the filaments 11 and 12. In this 
embodiment, the transformer is designed such that a root 
mean square voltage of 5 Vrms is applied to each of the 
filaments 11 and 12 during the full pre-heating mode, and 
thus electric power of 2.5 Vrms is, at the half pre-heating, 
supplied due to the control of the effective voltage by pulse 
width modulation (hereinafter PWM). 
The half pre-heating operation is required to prevent 

flowing of high transient currents to the filaments 11 and 12 
due to the low temperature and to raise the temperature of 
the filaments to a predetermined turning on level in a shorter 
full pre-heating time. 

(2) In order to quickly bring the fluorescent lamp 1 to a 
stable “ON” state, lengthen the life of each of the filaments 
11 and 12, and prevent blacking of the tube surface, the 
filaments 11 and 12 must be heated to a predetermined 
temperature level immediately before the fluorescent lamp 1 
is turned on. The foregoing process is a full pre-heating 
process in which the level of the pre-heating turning-on 
signal 44 supplied through connection is lowered for 1.5 
seconds in this embodiment, causing a 32 KHZ original 
clock to be supplied from the oscillator 39 to the full output 
port so that a root mean square voltage of 5 Vrms is applied 
to each of the filaments 11 and 12. 

(3) The level of the turning-on signal is lowered and the 
short circuit state of the diode bridge 7 is suspended so that 
the output from the first drive circuit 100 is supplied to the 
two ends of the fluorescent lamp 1. If the full pre-heating to 
be performed in (2) has been satisfactorily performed, the 
fluorescent lamp 1 is usually immediately (that is, within a 
period of 1 to 2 pulses transmitted from the first drive 
circuit) turned on. In accordance with the output from the 
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6 
light adjustment sensor 30, the level of the turning-on signal 
43 is switched between the high level and the low level at a 
frequency of 1 KHz so that a predetermined light quantity is 
obtained. 
The pre-heating electric power to be supplied when the 

fluorescent lamp 1 is turned off (in a region in which the 
level of the turning-on signal is high) during the light 
adjustment process considerably affects the life of the fluo 
rescent lamp 1. If no pre-heating is performed, the tempera 
ture of the filaments 11 and 12 is lowered in a case where the 
turning on ratio (the ratio of turning on to turning off in the 
light adjustment process) is low. The fluorescent lamp 1 and 
the filaments 11 and 12 must bear heavy loads whenever the 
fluorescent lamp 1 is turned on during the light adjustment 
process. If pre-heating is performed excessively, the fila 
ments 11 and 12 are heated excessively and thus are simi 
larly adversely affected. 

Accordingly, the following characteristic control pro 
cesses are performed: 

(A) The operation of the second drive circuit 200 is 
stopped when the fluorescent lamp 1 is turned off during the 
light adjustment process. 

(B) When the fluorescent lamp 1 is turned off during the 
light adjustment process, supply/non-supply of the drive 
signal (a 32 KHz signal in this embodiment) to the second 
drive circuit 200 is PWM-controlled by using the pre 
heating turning-on signal 41 at a frequency which is two 
times to five times the turn on lighting signal frequency 
(which is 1 KHz in this embodiment) for use in the light 
adjustment process so as to control the filament temperature 
to an adequate level. 
By changing the duty cycle in the PWM in (B) in 

accordance with the turning on ratio, a more ideal level of 
the filament temperature can be achieved. However, the 
PWM duty-cycle can, of course, be fixed regardless of the 
turning on ratio depending upon the characteristics and the 
desired life of the fluorescent lamp. In any case, one or more 
32 KHz pre-heating AC signals can be supplied whenever 
the fluorescent lamp 1 is turned off if the turning on ratio is 
about 75%. Therefore, the temperature can be precisely 
controlled without the filament temperature ripple being 
lower than the light adjustment frequency. 

Second Embodiment 

A second embodiment of the present invention will now 
be described in detail with reference to the drawings. 

Although the first embodiment has the characteristics that 
no temperature ripple lower than the light adjustment fre 
quency is generated because the supply/non-supply of the 
drive signal to the second drive circuit 200 is controlled at 
frequency which is two times to five times the light adjust 
ment frequency when the fluorescent lamp 1 is turned off 
during the light adjustment using the first drive circuit 100, 
a PWM signal, the frequency of which is two to five times 
the light adjustment frequency, is required. Therefore, an 
exclusive PWM circuit or a port output from the controller 
(a microcomputer) with software must be used to transmit 
the PWM signal. If the exclusive PWM circuit is used 
additionally, the circuit structure becomes too complicated 
and therefore the cost cannot be reduced. If the software is 
used to transmit the PWM signal, the PWM signal cannot 
easily be transmitted with such a high frequency because of 
a limitation involved by the other system processing time. 

Accordingly, this embodiment has an arrangement that a 
PWM signal, the frequency of which is /2 toys or lower (100 
Hz in this embodiment) than the light adjustment frequency 
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(1 KHz in this embodiment), is transmitted as the pre 
heating turning-on signal 44. A timing chart about the 
foregoing operation is shown in FIG. 4. Since the pre 
heating turning-on signal 44 having a frequency of 100 HZ 
is transmitted during the light adjustment process in this 
embodiment, the 32 KHZ drive signal is, during a period in 
which the level of the pre-heating turning-on signal 44 is 
low, transmitted to the second drive circuit 200 when the 
fluorescent lamp 1 is turned off. When the pre-heating 
turning-on signal level is high, the operation of pre-heating 
the filaments 11 and 12 is stopped in both cases where the 
fluorescent lamp 1 is turned on and the same is turned off. 
As a result, temperature ripples of 100 HZ occur during the 
light adjustment process. However, this embodiment is 
effective as a simple and convenient method if the actual 
temperature ripple quantity does not practically affect the 
life of the fluorescent lamp. 

Third Embodiment 

Referring to a block diagram shown in FIG. 5 and atiming 
chart shown in FIG. 6, a third embodiment will now be 
described. 

The same elements as those shown in FIG. 1 are given the 
same reference numerals. 
This embodiment is characterized by a pre-heating volt 

age amplitude adjustment circuit 50. The circuit 50 receives 
a pre-heating level switching signal 45 supplied from the 
controller 22 to switch the drive amplitude for the primary 
side of the pre-heating power supplying transformer 31 by 
the following procedure in accordance with the level of the 
pre-heating level switching signal 45 so as to Switch the 
amplitude of the AC voltage to be applied to the filaments 11 
and 12. 
When the full pre-heating is performed before the fluo 

rescent lamp 1 is turned on, the level of the pre-heating level 
switching signal 45 is high. A rated-voltage controller 58 
detects the voltage of a capacitor 54 connected to the power 
supply line of the output portion of a pre-heating transformer 
drive circuit by using a detecting resistor 55. The transistor 
57 is turned on at the foregoing time and a divided voltage 
ratio switching resistor 56 for the detecting resistor 55 is 
connected to the ground level so that the divided voltage 
ratio is lowered. In accordance with the detected voltage, the 
rated-voltage controller 58 turns off the transistor 51 if the 
detected voltage is higher than a reference value (not shown) 
stored in the rated-voltage controller 58 while the same turns 
on the transistor 51 if the detected voltage is lower than the 
reference value. Thus, an inductor 53 and a flywheel diode 
52 force the capacitor 54 to a previously rated voltage level. 
The foregoing voltage serves as the power source for the 
pre-heating transformer drive circuit so that the output 
amplitude for the full pre-heating process is determined. 
When the light adjustment process is performed, the level 

of the pre-heating level switching signal 45 is low and thus 
the transistor 57 is turned off. As a result, the resistor 56 is 
disconnected and the divided voltage ratio possessed by the 
detecting resistor 55 is restored (the voltage is raised). Thus, 
the voltage of the capacitor 54 is lowered by a predetermined 
degree as compared with the voltage to be applied in the full 
pre-heating process. The lowered voltage serves as the 
power source for the pre-heating transformer drive circuit so 
that the output amplitude for the light adjustment process is 
determined. 
The foregoing process is shown in FIG. 6 in the form of 

a timing chart. 
When the half pre-heating is performed, the level of the 

pre-heating level switching signal 45 is lowered. In the 
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8 
foregoing state, the pre-heating turning-on signal 44 is 
subjected to PWM using a frequency about 100Hz to obtain 
a desired effective voltage. 

Since this chart starts in state where the level of the 
pre-heating turning-on signal 44, which is the final signal 
immediately before the fluorescent lamp 1 is turned on, is 
high, pre-heating is stopped. Then, the level of the pre 
heating level switching signal 45 is raised and the pre 
heating turning-on signal 44 is lowered so that the full 
pre-heating state is realized. Simultaneously with start of the 
light adjustment process, the level of the pre-heating level 
switching signal 45 is restored to the low level so that an AC 
(32 KHz) pre-heating voltage, the amplitude of which is 
lower than that of the voltage to be applied in the full 
pre-heating process, is fully applied when the fluorescent 
lamp 1 is turned off during the light adjustment process. 
As in the first embodiment, any temperature ripple, the 

frequency of which is lower than that in the light adjustment 
process, is not generated in this embodiment. However, the 
pre-heating electric currentis supplied at a time rate of 100% 
when the fluorescent lamp 1 is turned off during the light 
adjustment process, any temperature ripple that is caused 
from supply/non-supply (pre-heating PWM) of the AC elec 
tric current does not take place when the fluorescent lamp 1 
is turned off as is experienced with the first embodiment. 
Since the pre-heating electric current is, without exception, 
supplied until a moment immediately before the fluorescent 
lamp 1 is turned on, the turning on operation is performed 
when the filament temperature has been raised to the highest 
level. Therefore, this embodiment is effective in a case 
where the filament temperature must be controlled more 
precisely during the light adjustment process. 

Fourth Embodiment 

The third embodiment enables the filaments to be pre 
heated precisely while preventing the temperature ripple as 
compared with the first and second embodiments. The third 
embodiment comprises the variable-voltage chopper circuit 
to switch the power supply voltage for the circuit for driving 
the pre-heating transformer. This fourth embodiment is 
adapted to a method that does not comprise the chopper 
circuit, 

Referring to FIG. 7, this embodiment will now be 
described. The same structures as those shown in FIG. 5 are 
given the same reference numerals. When the full pre 
heating is performed before the fluorescent lamp 1 is turned 
on, the level of the pre-heating level switching signal 45 is 
lowered. Therefore, the transistor 48 is turned off causing a 
Zener diode 47 to be brought into an open state. Thus, the 
turning-off voltage (=0 V) for the transistor 38 and the 
turning-on voltage (20 V in this embodiment) are switched 
at 32 KHz and applied to the input portion (bases 36 and 37) 
of a push pull circuit, which is the final stage of the drive 
circuit for the pre-heating transformer 34. The foregoing 
voltage is applied to the pre-heating transformer 31 through 
an AC coupling capacitor 35. 
When the light adjustment process is then performed, the 

level of the pre-heating level switching signal 45 is raised 
and thus the transistor 48 is turned on. Therefore, the Zener 
diode 47 having a turning-on voltage (12 V in this 
embodiment) lower than that of a Zener diode 46 is turned 
on. Thus, a signal, which is switched between 0 V and 12V 
at 32 KHz, is supplied to the input portion of the push pull 
circuit when the fluorescent lamp 1 is turned off during the 
light adjustment process. 
As described above, the signal to be supplied to the drive 

circuit for the pre-heating transformer 31 is switched in this 
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embodiment. Thus, the amplitude of the output voltage from 
the pre-heating transformer 31 is changed, thus providing an 
effect of simplifying the circuit for switching the pre-heating 
electric power. However, an NPN transistor constituting the 
push pull circuit, which is a driver for the pre-heating 
transformer 31, loses the electric power and therefore a 
means for preventing a rise in the temperature must be 
employed. 

Fifth Embodiment 

This embodiment is characterized by the tube electric 
current flowing from the first drive circuit 100 into the 
second drive circuit 200 in such a manner that the two output 
coils 32 and 33 for the pre-heating transformer generate 
magnetic fluxes in the same direction on the cores by 
connecting the following elements: 

(1) Two output coils 32 and 33 for the pre-heating 
transformer serving as the second drive circuit; 

(2) The first drive circuit 100 for generating the tube 
electric current; and 

(3) The two filaments 11 and 12 of the fluorescent lamp 
1. 

The foregoing connection will now be described with 
reference to FIG. 8. 

Referring to FIG. 8, the tube electric current supplied 
from a transformer 3 of the first drive circuit 100 is allowed 
to pass through the inductor 2. Then, a portion of the tube 
electric current is directly introduced into the fluorescent 
lamp 1 as shown by a continuous line and returned to the 
transformer 3 as shown by a continuous line. Another 
portion flows in the output coil 32 of the pre-heating 
transformer 31 serving as the second drive circuit 200 as 
shown by an arrow of a dashed line before it is formed into 
a tube electric current. At another end of the fuorescent 
lamp 1, the tube electric current flows in the other output coil 
33 of the pre-heating transformer 31 and then it returns to the 
transformer 3. 
The ratio of current division into the electric current 

passage shown by the continuous line and that shown by the 
dashed line is, of course, determined in accordance with the 
impedance of each of the electric current passages. Since 
this embodiment has the arrangement that the output coils 32 
and 33 of the pre-heating transformer 31 are connected in 
such a manner that the magnetic fluxes generated due to the 
flow-in electric currents run in the same direction, the 
impedance appears due to the inductance of the output coils 
32 and 33 of the pre-heating transformer 31. Thus, the major 
portion of the electric current directly flows in the fluores 
cent lamp 1 as the tube electric current. Therefore, the 
discharges points of the filaments 11 and 12 are substantially 
converged at one point. 

If the connection method is, as shown in FIG. 9, made 
contrary to that shown in FIG. 8, the magnetic fluxes 
generated in the output coils 32 and 33 of the pre-heating 
transformer 31 run in the opposite directions and cancel each 
other. As a result, the inductance Substantially disappears 
and the impedance is greatly reduced. Thus, the portion 
directly serving as the tube electric current and the portion 
serving as the tube electric current after it passes through the 
pre-heating transformer 31 are at the same level, thus raising 
a possibility of respectively forming two discharge points on 
the filaments 11 and 12. Therefore, the life of the filaments 
may be adversely affected. 

This embodiment has the arrangement that the electric 
currentflowing from the first drive circuit 100 and bypassing 
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10 
the output coils 32 and 33 of the pre-heating transformer 31 
is the tube electric current and is generated such that the 
magnetic fluxes respectively generated in the output coils 32 
and 33 run in the same direction. This is done by arranging 
the connection among the output coils 32 and 33 of the 
pre-heating transformer 31 and the filaments 11 and 12 of the 
fluorescent lamp 1 as shown in FIG. 8. Thus, the bypass 
electric current can be minimized and the discharge points 
on the filaments 11 and 12 can be converged into one point. 
Therefore, the life of the filaments 11 and 12 can be 
lengthened. 
As described above, this embodiment comprises the sec 

ond drive circuit including a high-frequency transformer 
having two or more outputs for Supplying the AC pre 
heating electric currents to the activating filaments and 
controllable individually from the main drive circuit for 
supplying the electric current to the light emitting tube. 
Thus, the electric power level for pre-heating the filaments 
controlled by the second drive circuit is switched between 
the period in which the tube electric current is turned on and 
the period in which the same is turned off when the light 
adjustment is performed by turning on/off the tube electric 
current at the high frequency and between the period in 
which the fluorescent lamp 1 is turned off and the light 
adjustment period when the apparatus is in the standby 
mode. Therefore, the life of the filaments of the fluorescent 
lamp can be lengthened, blacking of the tube surface can be 
prevented, and the life of the light quantity and the light 
quantity in the direction of the tube can be made more 
uniform. 

Furthermore, the electric power level for pre-heating the 
filaments controlled by the second drive circuit is switched 
between the period in which the tube electric current is 
turned on and the period in which the same is turned off 
when the light adjustment is performed by turning on/off the 
tube electric current at the high frequency or the same is 
switched in accordance with the ratio of the period in which 
the tube electric current is turned on and the period in which 
the same is turned off at the light adjustment process. Thus, 
the filament temperature at the light adjustment process can 
be precisely controlled at an adequate level. 
The structure for changing the level for pre-heating the 

filaments of the fluorescent lamp according to the third and 
the fifth embodiment shown in FIGS. 5 and 8 can be 
illustrated simply as shown in FIG. 10. 

Referring to FIG. 10, a circuit for turning on the fluores 
cent lamp FL1 turns a transistor Q4 on and off in response 
to an input made from an oscillator OSC1 disposed on the 
primary side thereof to operate the inverter transformer T2. 
A high frequency voltage emitted from the secondary side is 
allowed to pass through a fluorescent lamp turning on 
electric current limiting inductance L1 and connected to the 
filaments 11 and 12 at the two ends of the fluorescent lamp 
FL1. A diode bridge DB1 is connected to each of the two 
ends of the fluorescent lamp FL1 and the fluorescent lamp 
FL1 is turned on/off by a transistor Q3. Note that a trans 
former T1 is provided for supplying pre-heating electric 
current to the filaments 11 and 12 of the fluorescent lamp 
FL1. 

The fluorescent lamp turning on unit to be provided for an 
image forming apparatus must be capable of precisely 
controlling pre-heating of the filaments 11 and 12 in order to 
instantaneously turn on the fluorescent lamp and to lengthen 
the life of the same as described above. Therefore, it is 
preferable that the structure of it be as shown in the circuit 
diagram of FIG. 10. 
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The secondary coil of the pre-heating transformer T1 is 
connected to the filaments 11 and 12 of the fluorescent lamp 
FL1. Thus, sine waves or rectangular waves are supplied to 
the primary coil, and the pre-heating transformer T1 insu 
lates it so as to pre-heat the filaments 11 and 12 by the sine 
waves or the rectangular waves. Furthermore, the amplitude 
of the wave supplied to the primary side is controlled. Thus, 
the filament temperature can be controlled to an adequate 
level. 

The structure shown in FIG. 10 involves generation of 
temperature ripples because the AC power Source is used to 
perform pre-heating, thus resulting in that the life is short 
ened. In addition, a circuit for controlling the wave height 
must be provided, thus sometimes raising a problem in that 
the cost cannot be reduced. Moreover, the AC voltage is 
used to perform pre-heating and therefore precise control 
cannot be performed. Furthermore, it is possible that the 
filaments cannot quickly be heated and the time required to 
complete the pre-heating operation to be performed before 
the fluorescent lamp is turned on cannot easily be shortened. 

It might therefore be considered feasible to employ a DC 
power source to perform pre-heating. 

FIG. 11 is a circuit diagram which illustrates an example 
of a pre-heating circuit employing a DC power source. 

Referring to FIG. 11, rectifying diodes D1 to D4 and 
ripple removing capacitors C1 and C2 are disposed between 
the pre-heating transformer T1 and the filaments 11 and 12. 
The operation for pre-heating the filaments by means of 

the DC power source is able to completely remove the 
temperature ripple of the filaments, lengthen the life of the 
fluorescent lamp, realize the precise control of the pre 
heating voltage and shorten the time required to complete 
pre-heating before the fluorescent lamp is turned on. Thus, 
the cost can be reduced as compared with the example 
shown in FIG. 10. 

However, it raises a problem of reducing the life of the 
fluorescent lamp in a case where the pre-heating voltage 
must be controlled to a plurality of voltage levels as 
described later because the difference between the time 
constant of the load and that of the detection system dete 
riorates the transition response characteristics, generating a 
period in which precise pre-heating voltage control cannot 
be performed. 

In order to overcome the foregoing problem, and achieve 
precise control of the pre-heating voltage to be applied to the 
filaments of the fluorescent lamp, while realizing excellent 
responsiveness and preventing temperature ripple of the 
filaments, a device for turning on a fluorescent lamp Will 
now be described. 

Sixth Embodiment 

FIG. 12 is a circuit diagram which illustrates a sixth 
embodiment of an apparatus for turning on a fluorescent 
lamp of an image forming apparatus according to a sixth 
embodiment of the present invention. Referring to FIG. 12, 
the same or corresponding elements to those shown in FIG. 
10 or FIG. 11 are given the same reference numerals. 

Referring to FIG. 12, the structure and operation of the 
sixth embodiment will now be described. 
The inverter transformer T2 for a fluorescent lamp is 

operated by an oscillator H1 So as to generate, on the 
secondary side thereof, desired high-frequency high voltage 
AC waves determined by the characteristics of the fluores 
cent lamp FL1. The output from the transformer T2 is 
connected to the filaments 11 and 12 disposed at the two 
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ends of the fluorescent lamp FL1 through the fluorescent 
lamp turning on electric current limiting inductance L1. In 
general, afluorescent lamp can be shifted from the turned off 
state to the turned on state with a voltage which is in direct 
proportion to the length of the fluorescent lamp and which 
is in inverse proportion to the diameter of the same. Since 
the impedance is lowered when the fluorescent lamp has 
been shifted to the turned-on state, an electric current 
limiting device is required to maintain the turned on State 
and to limit the electric current to a value with which the 
required maximum light quantity can be obtained. In this 
embodiment, the inductance L1 is the electric current lim 
iting device. 

Furthermore, shunt switches each consisting of the diode 
bridge DB1 and the transistor Q2 are connected to the two 
ends of the fluorescent lamp FL1. When the transistor Q2 is 
turned on, the output from the transformer T2 is not supplied 
to the fluorescent lamp FL1. Therefore, the fluorescent lamp 
FL1 is brought into the turned off state. When the transistor 
Q2 is turned off, the output from the transformer T2 is 
supplied to the fluorescent lamp FL1 so that the fluorescent 
lamp FL1 is turned on. 
The transistor Q2 is PWM-controlled by a fluorescent 

lamp control circuit FC2 in such a manner that the output 
from, for example, a light quantity sensor (not shown) is 
made to be a predetermined value. That is, the arrangement 
permitting the on/off duty cycle of the transistor Q2 to be 
variable to enable the fluorescent lamp FL1 to be adequately 
turned on/off. Thus, the light quantity of the fluorescent lamp 
FL1 can be maintained at a predetermined value. 
The transformer T1 is a flyback converter transformer T 

for pre-heating a filament. In order to shift the fluorescent 
lamp from the turned off state to the turned on state quickly 
and to maintain the long life as described above, the fila 
ments 11 and 12 must be heated to a predetermined level to 
cause electron emitting substances applied on the surfaces of 
the filaments 11 and 12 to be easily emitted and to minimize 
removal and consumption of the electron emitting sub 
stances. Therefore, the electric power to be supplied to the 
two ends of each of the filaments 11 and 12 is controlled by 
the transformer T1. 

An end of primary coil P1 of the transformer T1 is 
connected to power supply voltage Vcc, while another end 
of the same is connected to the collector of the transistor Q1 
serving as a switching device. The emitter of the transistor 
Q1 is grounded. Secondary coils S1 and S2 of the trans 
former T1 are rectified and smoothed by diodes D1, D2, 
capacitors C1 and C2 resulting in a DC voltage. Diodes D3 
and D4 prevent current backflow before the DC voltage is 
connected to each of the filaments 11 and 12 of the fluo 
rescent lamp FL1. 

Furthermore, the transformer T1 has a detection coil P2. 
The output from the detection coil P2 is rectified and 
smoothed by a diode D5 and a capacitor C3 so as to be 
formed into DC voltage, output Vsns, representing the result 
of the detection. Note that resistor R1 is provided to adjust 
the loop response characteristics of the control. The detec 
tion result output Vsns is able to accurately reflect the 
voltage generated in the secondary coils S1 and S2. By 
PWM-controlling the transistor Q1 in such amanner that the 
foregoing voltage level is stabilized to a predetermined 
value by a pre-heating voltage control circuit PH3, the 
filament pre-heating DC voltage obtained by rectifying and 
Smoothing the voltage generated in the secondary coils S1 
and S2 by the foregoing elements D1, C1, D3, D2, C2 and 
D4 can be accurately controlled to a predetermined value. 
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The relationship between pre-heating of the filaments and 
the turning on control will now be described in further detail. 
In order to raise the filament temperature to a level at which 
the fluorescent lamp can be turned on stably, before the 
fluorescent lamp is turned on, pre-heating voltage (called 
"full pre-heating") is applied. In a completely turned off 
state, the time required to raise the temperature of the 
filaments to the foregoing level is shortened by applying half 
of the pre-heating voltage (called "half pre-heating"). 

Furthermore, the duty cycle of the transistor Q2 is con 
trolled in such a manner that the fluorescent lamp control 
circuit FC2 causes a predetermined light quantity to be 
emitted during the period in which the fluorescent lamp is 
turned on. Thus, the fluorescent lamp repeatedly turns 
on/off. Therefore, the filament temperature is stabilized 
(called "turning on pre-heating') by applying pre-heating 
voltage by a predetermined quantity during the period in 
which the fluorescent lamp is turned off. The optimum value 
of the pre-heating voltage during the period, in which 
turning of the fluorescent lamp is controlled, is changed in 
accordance with the turning on duty cycle in the strict sense. 
However, the pre-heating voltage is usually only required to 
be included in a latitude range of the optimum values. That 
is, the pre-heating voltage control circuit PH3 must perform 
at least ternary-value control (at least binary-value controlif 
shortening of the time is not required) and instantaneously 
change the voltage to be controlled. However, the filament 
load is about several ohms. Therefore, even if the aimed 
value to be controlled is changed with the time constant of 
the detection result output when the full pre-heating mode is 
shifted to the turning on pre-heating mode, pre-heating is 
undesirably stopped while the detection result output is 
lowered to the desired value. Accordingly, this embodiment 
comprises a response improving circuit RC4 so that the 
capacitor C3 is rapidly discharged if the desired value has 
been reduced so as to instantaneously change the desired 
value. 
The pre-heating voltage control circuit PH3 and the 

response improving circuit RC4 are arranged, for example, 
as shown in FIG. 13. The same elements as those of the 
foregoing embodiments are given the same reference numer 
als. 
The detection result output Vsns is input to an error 

amplifier IC1, and compares with desired control value 
Vcont and amplified. The output from the error amplifier 
IC1 is compared to a ramp waveform (RW) in an error 
amplifier IC2. The output from the error amplifier IC2 
representing the result of the comparison, PWM waveform, 
operates the transistor Q1. Furthermore, the output of tran 
sistor Q4 operates the transistor Q1 in response to a signal 
supplied from the fluorescent lamp control circuit FC2 
during a period in which the fluorescent lamp is turned off. 
As a result of the foregoing operation, the pre-heating 

voltage is controlled to the level that corresponds to the 
aimed control value Vcont. Although a resistor R1 is 
inserted in parallel to the capacitor C3 for the purpose of 
adjusting the control stability as described above, its effect 
is limited to maintaining stability after the control has 
achieved the desired value. Therefore, a discharge effect 
cannot be obtained in a state of transition. Accordingly, if the 
aimed control value has been reduced, as in a case where 
Vcont is changed from the full pre-heating state to the 
turning on pre-heating state, the charges of the capacitors C1 
and C2 are discharged in a short time because the filament 
load is low in the circuit shown in FIG. 13, as the response 
improving circuit RC4 (to be described later) is not pro 
vided. On the other hand, since the charge registered on the 
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14 
capacitor C3 is only discharged through the resistor R1, the 
level of the output from the error amplifier IC1 is maintained 
at a high level until the detection signal Vsns is lowered to 
the desired control value Vcont. As a result, the PWM signal 
is stopped. Thus the time in which pre-heating is not 
performed is continued for a relatively long time. 

Accordingly, a response improving circuitRC4 is utilized. 
It is constituted by a PNP transistor Q3 having an emitter 
which receives the detection output Vsns and which is 
connected to the positive input of the error amplifier IC1, a 
base connected to the negative input of the error amplifier 
IC1 and a collector grounded through the resistor R2, and a 
protecting diode D6 connected in a direction opposing the 
direction between the emitter and the base of the transistor 
Q3. 

In a stationary state in which the control value is con 
trolled to an aimed value, the positive/negative input of the 
error amplifier IC1 is in an imaginary short state. Therefore, 
the added response improving circuit RC4 is not operated 
and thus the original operation of the pre-heating voltage 
control circuit PH3 is not inhibited. When Vcontis changed 
in such a manner that the full pre-heating state is shifted to 
the turning on pre-heating state, the charges stored in the 
capacitors C1 and C2 are discharged in a very short time 
because the impedance of the filament is low. On the other 
hand, the charge of the capacitor C3 is discharged through 
the resistor R1 and it is lowered slowly. Therefore, it is not 
substantially changed instantaneously and thus the error 
amplifier IC1 is brought into a saturated state. Thus, the 
PWM signal is stopped. However, when the potential dif 
ference between Vcont and Vsns exceeds Vbe of the tran 
sistor Q3, the transistor Q3 is turned on and is grounded 
through the resistor R2 having a value which is sufficiently 
lower than the resistor R1 and which does not exceed the 
maximum rated value for the transistor Q3. Therefore, the 
charge of the capacitor C3 is rapidly discharged and thus the 
detection signal Vsns rapidly approaches the aimed control 
value Vcont. 
When the potential difference between the aimed control 

value Vcont and the detection signal Vsns is smaller than 
Vbe of the transistor Q3, the transistor Q3 is turned off. 
Then, the charge of the capacitor C3 is again discharged 
through the resistor R1 until the potential of Vsns and that 
of Vcont are made to be substantially the same. Thus, the 
error amplifier IC1 is shifted from the saturated state to a 
controlled state in which the error amplifier IC1 transmits 
the PWM signal. 

Although a period in which the PWM signal is stopped is 
present in this embodiment, the stop time can sufficiently be 
shortened to a level at which the life of the filament is not 
affected. Furthermore, by setting the constant to an optimum 
value, the waveform affected by the period, as shown in FIG. 
14(a), in which the PWM signal is stopped, is not formed 
when the filament is observed because the waveform of the 
voltage to be applied to the filament has a unique time 
constant. However, the voltage to be applied to the filament 
can be smoothly shifted as shown in FIG. 14(b). 
As described above, respective predetermined potentials 

corresponding to the full pre-heating, half pre-heating and 
turning on pre-heating modes can be smoothly switched and 
stably applied to the filaments of a fluorescent lamp. Thus, 
the efficiency of using the fluorescent lamp can be improved 
and the life of the fluorescent lamp can be lengthened. 

Seventh Embodiment 

FIG. 15 is a circuit diagram which illustrates an essential 
portion of a filament pre-heating power source control 
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portion of a fluorescent lamp turning apparatus according to 
a seventh embodiment of the present invention for turning 
on and controlling a fluorescent lamp provided in an image 
forming apparatus. The same or corresponding elements to 
those of the sixth embodiment are given the same reference 
numerals. 

Since the residual elements are arranged similarly to those 
of the sixth embodiment, they are omitted from illustration. 
The characteristic structure and operation of the seventh 
embodiment will now be described with reference to FIG. 
15. 

As in to the sixth embodiment, the output from the 
detection coil P2 is rectified and Smoothed by the diode D5 
and the capacitor C3. The DC voltage level is divided by the 
resistors R3 and R4 and applied to the error amplifier IC1 as 
the detection signal Vsns. 

If an adequate voltage, which can directly be applied to 
the error amplifier, can be set, a structure similar to the sixth 
embodiment can be employed in place of the voltage divid 
ing structure. However, the structure cannot easily be con 
structed in many cases due to the relationship between the 
aimed control value Vcont, the output and the coil ratio of 
the detection coil. The structure according to this embodi 
ment enables a circuit to be constructed relatively easily by 
using the resistors R3 and R4. The output of the result of the 
Smoothing process is, through the discharging resistor R2, 
connected to the collector of a transistor Q5 which is a 
discharging switch. The emitter of the transistor Q5 is 
grounded, while the base of the same is grounded through a 
resistor R6. The detection result output Vsns is connected to 
the emitter of the PNP transistor Q3, while the collector of 
the transistor Q3 is connected to the base of the discharging 
switch Q5. The base is connected to the control input (the 
negative input) of the error amplifier IC1. Furthermore, a 
protection diode D6 is connected between the base and the 
emitter of the transistor Q3 in an opposite direction. 
As in to the sixth embodiment, the positive/negative input 

of the error amplifier IC1 is in an imaginary short state and 
in a stationary state in which the control value is controlled 
to the aimed value. The added response improving circuit 
RC4 is not operated and therefore the original operation of 
the pre-heating voltage control circuit RH3 is not inter 
rupted. 

If the aimed control value Vcont is changed in such a 
manner that the full pre-heating state is shifted to the turning 
on pre-heating state, the charges stored in the output-side 
capacitors C1 and C2 can be discharged in a significantly 
short time because the impedance of the filament is low. 

Since the charge of the capacitor C3 on the control side is 
discharged through a synthesized resistor of the resistors R3 
and R4 and therefore it is lowered slowly, the charge is not 
substantially instantaneously changed. Therefore, the error 
amplifier IC1 is brought into a saturated state, causing the 
PWM signal to be stopped. If the potential difference 
between the aimed control value Vcont and the detection 
signal VSns exceed Vbe of the transistor Q3, the transistor 
Q3 is turned on and a base electric current is supplied to the 
transistor Q5 through the resistor R5 so that the transistor Q5 
is turned on. As a result, the output representing the result of 
Smoothing is grounded through the resistor R2 having a 
value which is sufficiently smaller than the synthesized 
resistance of the resistors R3 and R4 and which does not 
exceed the maximum rated value for the transistor Q3. 
Therefore, the charge of the capacitor C3 is rapidly dis 
charged and the detection signal Vsnsrapidly approaches the 
aimed control value Vcont. 
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When the potential difference between Vcont and Vsns is 

lower than Vbe of the transistor Q3, the transistor Q3 is 
turned off. As a result, also the transistor Q5 is turned off. 
Then, the charge of the capacitor C3 is again discharged 
through the synthesized resistance of the resistors R3 and 
R4. When the potential of the detection signal Vsins and that 
of the aimed control value Vcont have been made to be 
substantially the same, the error amplifier IC1 is suspended 
from the Saturated state into a controlled State in which the 
error amplifier IC1 generates the PWM signal. 

In contrast with the sixth embodiment in which the 
transistor Q3 serves as a comparator having an insensitive 
Zone of Vbe and a discharging switch, the seventh embodi 
ment has the structure in which the functions are separated 
such that the transistor Q3 is a comparator having the 
insensitive Zone of Vbe and the transistor Q5 serves as the 
discharging Switch. 
As described above, predetermined potentials corre 

sponding to the ful pre-heating, half pre-heating and turning 
on pre-heating can further Smoothly be switched and stably 
applied to the filaments of a fluorescent lamp as compared 
with the sixth embodiment. Therefore, the efficiency of 
using the fluorescent lamp can be improved and the life can 
be lengthened. 

Eighth Embodiment 

FIG. 16 is a circuit diagram which illustrates an essential 
portion of a power Supply portion for pre-heating filaments 
of a fluorescent lamp turning on apparatus according to an 
eighth embodiment of the present invention for turning on 
and controlling a fluorescent lamp provided in an image 
forming apparatus. The same or corresponding elements to 
those according to the sixth embodiment or the seventh 
embodiment are given the same reference numerals. 
Those elements arranged similarly to those according to 

the sixth embodiment are omitted from description. The 
characteristic structure and operation of the eighth embodi 
ment will now be described with reference to FIG. 16. 
AS contrasted with the sixth embodiment in which the 

transformer T for pre-heating the filaments and having the 
input coil P1, the output coils S1 and S2 and the detection 
coil P2 is arranged to be a flyback-type regulator mode, the 
eighth embodiment comprises the transformer arranged to 
be a forward-type regular mode. Since the operation of the 
circuit is arranged similarly to the usual forward-type regu 
lator and the control operation and effect are the same as 
those of the sixth embodiment, their descriptions are omitted 
here. 

Since this embodiment comprises the flyback type 
transformer, the main parameter for designing the trans 
former is the ratio of the number of windings in a case where 
an application adapted to relatively small electric power. As 
contrasted with the forward-type transformer which must be 
designed to consider the primary inductance, design of the 
flyback-type transformer can easily be performed. In 
addition, the dispersion of the characteristics of the trans 
former does not affect the output, thus providing an effect 
that the control stability can be improved. 

Embodiment of Image Forming Apparatus 
The image forming apparatus comprising the foregoing 

apparatus for turning on a fluorescent lamp is a copying 
machine or a facsimile machine having the arrangement that 
the operation of the fluorescent lamp for irradiating a 
Subject, from which an image will be formed, with light is 
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controlled by the apparatus for turning the fluorescent lamp 
so that the image of a subject, from which an image will be 
formed, is photoelectrically read to form an image on a 
recording medium. As a result of the operation and effect of 
pre-heating the filaments of the apparatus for turning on a 
fluorescent lamp, the fluorescent lamp can quickly and 
easily be shifted to the standby mode for waiting for the 
exposure of an original document, a mode in which the 
image exposure starts and a state for exposing the image. 
Therefore, the apparatus for forming an image according to 
this embodiment is able to stably and effectively operate the 
fluorescent lamp for a long time to efficiently forman image. 
As described above, the waveform of the pre-heating 

voltage is formed into a DC voltage to precisely control the 
pre-heating voltage. As a result, temperature ripple of the 
filaments can completely be prevented and the peak voltage 
to be applied to the filaments can be lowered. Therefore, 
glow discharge occurring at the two ends of the filament can 
be prevented and the time required to complete pre-heating 
can be shortened. In addition, the transition response char 
acteristics when the control voltage has been changed can be 
improved. Thus, the life of the fluorescent lamp can be 
lengthened. As contrasted with the conventional method that 
comprises the pre-heating voltage control circuitformed into 
a chopper power source or the like, thus requiring a com 
plicated circuit and an excessively large number of elements, 
the present invention enables the number of elements to be 
decreased. Thus, the cost can be reduced and reliability 
enhanced. 

Although the invention has been described in its preferred 
form with a certain degree of particularly, it is understood 
that the present disclosure of the preferred form can be 
changed in the details of construction and the combination 
and arrangement of parts may be modified without departing 
from the spirit and the scope of the invention as hereinafter 
claimed. 
What is claimed is: 
1. An apparatus for operating a fluorescent lamp com 

prising: 
first power source means for supplying a tube electric 

current to the fluorescent lamp to turn on the fluores 
cent lamp; 

second power source means for supplying pre-heating 
electric currents to filaments of the fluorescent lamp; 
and 

switching means for switching an electric power level of 
the pre-heating electric currents to be supplied to the 
filaments by said second power source means by 
changing a ratio of supply/non-supply of the pre 
heating electric currents to the filaments. 

2. An apparatus for operating a fluorescent lamp accord 
ing to claim 1, wherein said second power source means 
supplies alternating current to the filaments. 

3. An apparatus for operating a fluorescent lamp accord 
ing to claim 1, wherein said switching means switches the 
electric power level of the pre-heating electric currents 
between a period in which the fluorescent lamp is turned off 
and a period in which the fluorescent lamp is turned on. 

4. An apparatus for operating a fluorescent lamp accord 
ing to claim 1, wherein said switching means switches the 
electric power level of the pre-heating electric currents after 
a point immediately before the fluorescent lamp is turned on 
and a point when the fluorescent lamp is turned on. 

5. An apparatus for operating a fluorescent lamp accord 
ing to claim 1, wherein said second power source means 
comprises a transformer having a plurality of output coils 
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respectively connected to a plurality of the filaments of the 
fluorescent lamp and one electric power receiving input coil, 
and the plurality of output coils of said transformer and the 
plurality of filaments of the fluorescent lamp being con 
nected in such a manner that magnetic fluxes, which are 
generated in said output coils from a portion of the electric 
current supplied from said first power source means bypass 
ing said plurality of output coils of said transformer and 
formed into a tube electric current, run in the same direction 
when the fluorescent lamp is turned on. 

6. An apparatus for operating a fluorescent lamp com 
prising: 

first power source means for supplying a tube electric 
current to the fluorescent lamp to turn on the fluores 
cent lamp; 

second power source means for supplying pre-heating 
electric currents to filaments of the fluorescent lamp; 
and 

control means for monitoring an output from said second 
power source means to control the electric power level 
of said pre-heating electric currents to be supplied from 
said second power source means to the filaments by 
changing a ratio of supply/non-supply of the pre 
heating electric currents to the filaments. 

7. An apparatus for operating a fluorescent lamp accord 
ing to claim 6, wherein said second power source means 
supplies direct current to the filaments. 

8. An apparatus for operating a fluorescent lamp accord 
ing to claim 6, wherein said control means compensates said 
pre-heating electric currents to be supplied from said second 
power source means to the filaments in a transition period 
from a state in which the fluorescent lamp is turned off to a 
state in which the fluorescent lamp is turned on or from a 
state in which the fluorescent lamp is turned on to a state in 
which the fluorescent lamp is turned off. 

9. A method of operating a fluorescent lamp comprising 
the steps of: 

supplying a tube electric current to a fluorescent lamp to 
turn on the fluorescent lamp; 

supplying pre-heating electric currents to filaments of the 
fluorescent lamp; and 

switching an electric power level of the pre-heating 
electric currents to be supplied to the filaments by 
changing a ratio of supply/non-supply of the pre 
heating electric currents to the filaments. 

10. Amethod of operating a fluorescent lamp according to 
claim 9, wherein, in said step of supplying pre-heating 
electric currents, alternating current is supplied to the fila 
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mentS. 
11. A method of operating a fluorescent lamp according to 

claim 9, wherein, in said switching step, the electric power 
level of the pre-heating electric currents is switched between 
a period in which the fluorescent lamp is turned off and a 
period in which the fluorescent lamp is turned on. 

12. A method of operating afluorescent lamp according to 
claim 9, wherein, in said switching step, the electric power 
level of the pre-heating electric currents is switched after a 
point immediately before the fluorescent lamp is turned on 
and a point when the fluorescent lamp is turned on. 

13. A method of operating afluorescent lamp according to 
claim 9, wherein a second power source means comprises a 
transformer having a plurality of output coils respectively 
connected to a plurality of the filaments of the fluorescent 
lamp and one electric power receiving input coil, and the 
plurality of output coils of the transformer and the plurality 
of filaments of the fluorescent lamp are connected in such a 
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manner that magnetic fluxes, which are generated in the 
output coils from a portion of the electric current supplied 
from a first power source means bypassing the plurality of 
output coils of the transformer and formed into a tube 
electric current in said Supplying step of Supplying a tube 
electric current, run in the same direction when the fluores 
cent lamp is turned on. 

14. A method of operating a fluorescent lamp comprising 
the steps of: 

supplying a tube electric current to a fluorescent lamp to 
turn on the fluorescent lamp; 

supplying pre-heating electric currents to filaments of the 
fluorescent lamp using a second power source means; 
and 

monitoring an output from the second power source 
means to control the electric power level of the pre 
heating electric currents to be supplied to the filaments 
by changing a ratio of supply/non-supply of the pre 
heating electric currents to the filaments. 

15. A method of operating a fluorescent lamp according to 
claim 14, wherein, in said step of supplying pre-heating 
electric currents, direct current is supplied to the filaments. 

16. A method of operating afluorescent lamp according to 
claim 14, wherein, in said monitoring step, the pre-heating 
electric currents to be supplied to the filaments are compen 
sated in a transition period from a state in which the 
fluorescent lamp is turned off to a state in which the 
fluorescent lamp is turned on to a state in which the 
fluorescent lamp is turned off. 

17. An apparatus for operating a fluorescent lamp com 
prising: 

first power source means for Supplying a tube electric 
current to the fluorescent lamp to turn on the fluores 
cent lamp; 

Second power Source means for Supplying pre-heating 
electric currents to filaments of the fluorescent lamp; 
and 

switching means for switching an electric power level of 
the pre-heating electric currents to be supplied to the 
filaments by said second power source means by 
changing an amplitude of the pre-heating electric cur 
rents to be supplied to the filaments. 

18. An apparatus for operating a fluorescent lamp accord 
ing to claim 17, wherein said second power source means 
supplies alternating current to the filaments. 

19. An apparatus for operating a fluorescent lamp accord 
ing to claim 17, wherein said switching means switches the 
electric power level of the pre-heating electric currents 
between a period in which the fluorescent lamp is turned off 
and a period in which the fluorescent lamp is turned on. 

20. An apparatus for operating a fluorescent lamp accord 
ing to claim 17, wherein said switching means switches the 
electric power level of the pre-heating electric currents after 
a point immediately before the fluorescent lamp is turned on 
and a point when the fluorescent lamp is turned on. 

21. An apparatus for operating a fluorescent lamp accord 
ing to claim 17, wherein said second power source means 
comprises a transformer having a plurality of output coils 
respectively connected to a plurality of the filaments of the 
fluorescent lamp and one electric power receiving input coil 
and the plurality of output coils of said transformer and the 
plurality of filaments of the fluorescent lamp being con 
nected in Such a manner that magnetic fluxes, which are 
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generated in said output coils from a portion of the electric 
current supplied from said first power source means bypass 
ing said plurality of output coils of said transformer and 
formed into a tube electric current, run in the same direction 
when the fluorescent lamp is turned on. 

22. An apparatus for operating a fluorescent lamp con 
prising: 

first power source means for Supplying a tube electric 
current to the fluorescent lamp to turn on the fluores 
cent lamp; 

second power source means for supplying pre-heating 
electric currents to filaments of the fluorescent lamp; 
and 

control means for monitoring an output from said second 
power source means to control the electric power level 
of said pre-heating electric currents to be supplied from 
said second power source means to the filaments by 
changing an amplitude of the pre-heating electric cur 
rents to be supplied to the filaments. 

23. An apparatus for operating a fluorescent lamp accord 
ing to claim 22, wherein said second power source means 
supplies direct current to the filaments. 

24. An apparatus for operating a fluorescent lamp accord 
ing to claim 22, wherein said control means compensates 
said pre-heating electric currents to be supplied from said 
second power source means to the filaments in a transition 
period from a state in which the fluorescent lamp is turned 
off to a state in which the fluorescent lamp is turned on or 
from a state in which the fluorescent lamp is turned on to a 
state in which the fluorescent lamp is turned off. 

25. A method of operating a fluorescent lamp comprising 
the steps of: 

supplying a tube electric current to a fluorescent lamp to 
turn on the fluorescent lamp; 

supplying pre-heating electric currents to filaments of the 
fluorescent lamp; and 

switching an electric power level of the pre-heating 
electric currents to be supplied to the filaments by 
changing an amplitude of the pre-heating electric cur 
rents to be supplied to the filaments. 

26. A method of operating a fluorescent lamp according to 
claim 25, wherein, in said step of supplying pre-heating 
electric currents, alternating current is supplied to the fila 
mentS. 

27. A method of operating a fluorescent lamp according to 
claim 25, wherein, in said switching step, the electric power 
level of the pre-heating electric currents is switched between 
a period in which the fluorescent lamp is turned off and a 
period in which the fluorescent lamp is turned on. 

28. Amethod of operating a fluorescent lamp according to 
claim 25, wherein, in said Switching step, the electric power 
level of the pre-heating electric currents is switched after a 
point immediately before the fluorescent lamp is turned on 
and a point when the fluorescent lamp is turned on. 

29. A method of operating a fluorescent lamp according to 
claim 25, wherein a second power source means comprises 
a transformer having a plurality of output coils respectively 
connected to a plurality of the filaments of the fluorescent 
lamp and one electric power receiving input coil, and the 
plurality of output coils of the transformer and the plurality 
of filaments of the fluorescent lamp are connected in such a 
manner that magnetic fluxes, which are generated in the 
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output coils from a portion of the electric current supplied 
from a first power source means bypassing the plurality of 
output coils of the transformer and formed into a tube 
electric current in said supplying step of supplying a tube 
electric current, run in the same direction when the fluores 
cent lamp is turned on. 

30. A method of operating a fluorescent lamp comprising 
the steps of: 

supplying a tube electric current to a fluorescent lamp to 
turn on the fluorescent lamp; 

supplying pre-heating electric currents to filaments of the 
fluorescent lamp using a second power source means; 
and 

monitoring an output from the second power source 
means to control the electric power level of the pre 
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heating electric currents to be supplied to the filaments 
by changing an amplitude of the pre-heating electric 
currents to be supplied to the filaments. 

31. Amethod of operating a fluorescent lamp according to 
claim 30, wherein, in said step of supplying pre-heating 
electric currents, direct current is supplied to the filaments. 

32. Amethod of operating afluorescent lamp according to 
claim 30, wherein, in said monitoring step, the pre-heating 
electric currents to be supplied to the filaments are compen 
sated in a transition period from a state in which the 
fluorescent lamp is turned off to a state in which the 
fluorescent lamp is turned on to a state in which the 
fluorescent lamp is turned off. 
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