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LIGHTING SYSTEM IN COPYING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to a lighting system in 
copying apparatus, more particularly to a system for 
lighting an exposure lamp in copying apparatus. 
The switching of an exposure lamp in copying appa 

ratus is generally controlled by the sequential steps of 
copying operation such as setting or insertion of an 
original document, feeding of photosensitive paper or 
the like. Since the ?lament of the exposure lamp has 
not been warmed up and is low in electric resistance 
when the lamp is turned on, a current which is several 
times the rated current for the lamp flows through the 
circuit of the lamp for a moment subsequent to the 
closing of the circuit, namely, for a period of transient 
phenomenon following the switching action. Accord 
ingly, a lighting system in FIG. 1 (a) which has been 
generally used heretofore has a drawback that the con 
tacts and switching elements of the start switch S are 
liable to be fused or broken even where such constitu~ 
ent elements of the switch are well capable of with 
standing the rated current for the exposure lamp L. 

In order to eliminate such drawback, a lighting sys 
tem as shown in FIG. 1 (b) is already known. Although 
the winding CL included in this system serves to pro 
tect the contacts and other switching elements from the 
transient phenomenon caused by tuming-on of the ex 
posure lamp L, the winding CL must be of a large cur 
rent capacity and the provision of the winding lowers 
the electrical efficiency of the exposure lamp while it 
is on. 
Another system is also known wherein as illustrated 

in FIG. 1 (c) the circuit of exposure lamp L includes a 
triac T which is triggered into conduction when a start 
switch S is closed to energize an R-C circuit consisting 
of a resistor R and a capacitor C. Even with such sys 
tem, however, the contacts or switching elements can 
not be free from fusion or damage to be caused by the 
flow of a large current when the exposure lamp is 
turned on. 
Further the systems of FIGS. 1 (a) and (c) have an 

other drawback that the ?ow of a large current as a 
transient phenomenon produced when the exposure 
lamp is turned on deteriorates the life of the exposure 
lamp. Another drawback attending the systems of 
FIGS. 1 (a) and (c) is that they fail to achieve satisfac 
tory buildup of illumination when the exposure lamp is 
turned on. Put another way, the exposure lamp takes a 
long time to produce a predetermined intensity of illu 
mination, so that it is impossible to make exposures 
within a short period of time. 

SUMMARY OF THE INVENTION 

An object of the present invention is to control a 
transient phenomenon which occurs when the expo 
sure lamp is turned on and to thereby completely elimi 
nate fusion, damage or like troubles to be caused to the 
contacts of a start switch and the like. 
Another object of the present invention is to provide 

a system which permits the exposure lamp to achieve 
excellent buildup with improved electrical efficiency 
when it is turned on so as to enable copying apparatus 
to effect a short period of exposures with high effi 
ciency and safety. 

Still another object of the present invention is to pro 
vide a system which is capable of providing with ex 
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2 
treme ease illumination of a desired intensity for expo 
sure in accordance with the kind and distinctness of 
original documents. 

In order to fulfil the foregoing objects, the present in 
vention is characterized by a structure comprising a 
triac inserted in the electric circuit of an exposure lamp 
in series therewith and a trigger circuit for triggering 
the triac into a conducting state at a small conduction 
angle simultaneously when a main switch is turned on 
and triggering the triac into a conducting state at a 
large conduction angle simultaneously when a start 
switch is turned on, the start switch being controlled for 
on-off operation by initiation of copying operation in 
response to the movement of an original document or 
photosensitive paper. The trigger circuit comprises a 
first trigger circuit for triggering the triac into a con 
ducting state at a small conduction angle simulta 
neously when the main switch is turned on and a sec 
ond trigger circuit for triggering the triac into a con 
ducting state at a large conduction angle simulta 
neously when the start switch is turned on. Alterna 
tively, the trigger circuit may comprise a circuit which 
provides the same action to the triac as the combina 
tion of the ?rst and second trigger circuits. 
When the main switch is turned on in the foregoing 

system, the triac is allowed to function at a small con 
duction angle to preliminarily light the exposure lamp 
to such an extent as will not be detrimental to copying 
operation. When an original document is then placed 
in position and the start switch is turned on in response 
to the movement of the document or photosensitive pa 
per, the triac is caused to operate at a large conduction 
angle to bring the exposure lamp into full illumination 
to give a desired exposure to the photosensitive paper. 
The start switch may preferably be a timing switch 
which automatically opens its circuit upon lapse of a 
predetermined period of time or a switch having an 
identical function. When the switch is turned off, the 
exposure lamp is brought back to the same state as in 
the preliminary stage of illumination. 

Since the exposure lamp is pre~lighted upon turning 
on of the main switch and is then brought into full illu 
mination by the start switch, the flow of an excess rush 
current into the circuit for heating the filament of the 
lamp is eliminated when the exposure lamp is initiated 
into full illumination as well as when it is pre-lighted, 
with the result that the contacts, switching elements 
and the like of the main switch and start switch can be 
completely protected from excess current, the hazard 
of fusion or breakage thus being avoided. In addition, 
the preliminary lighting of the exposure lamp effected 
by the main switch permits the exposure lamp to build 
up its brightness satisfactorily when it is initiated into 
full illumination, allowing the electric circuit to achieve 
improved electrical efficiency. Thus, the copying appa 
ratus can provide exposures within a short period with , 
the highest efficiency and safety. 
Further in accordance with the present invention, the 

trigger circuit for switching the exposure lamp into full 
illumination may include control means such as a vari 
able resistor for adjusting the brightness of the expo 
sure lamp as desired, whereby the intensity of illumina 
tion produced by the lamp can be varied in accordance 
with the kind or distinctness of the original document. 
Other objects and features of the present invention 

will become more apparent from the detailed descrip 
tion of the embodiments of this invention given below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 (a), (b) and (0) show various electric circuits 
for lighting exposure lamp heretofore known; 
FIG. 2 is an electric circuit diagram of an embodi 

ment of the present invention; 
FIGS. 3 and 4 are electric circuit diagrams of other 

embodiments of the present invention; 
FIGS. 5 (a), (b) and (c) are diagrams of waveshapes 

of a voltage to be applied to the exposure lamp in the 
embodiment of FIG. 2, FIGS. 5 (a) and (b) showing the 
state when the start switch is off, FIG. 5 (0) showing the 
state when the start switch is on; and 
FIGS. 6 (a) and (b) are diagrams of waveshapes of a 

voltage to be applied to the exposure lamp in the em 
bodiment of FIG. 3, FIG. 6 (a) showing the state when 
the start switch is off, FIG. 6 (b) showing the state when 
the start switch is on. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

,With reference to FIG. 2, the electric circuit of an ex 
posure lamp 2 to be opened or closed by a main switch 
1 includes a triac (triode ac switch) 3 inserted in series 
therewith. The triac 3 which functions at desired two 
different conduction angles, namely at large and small 
angles, when triggered by a trigger circuit 4,applies AC 
voltage to the exposure lamp 2. 
The trigger circuit 4 comprises a ?rst trigger circuit 

5 for switching the triac 3 into conduction at a small 
conduction angle and a second trigger circuit 6 for ?r 
ing the triac into conduction at a large induction angle. 
The first trigger circuit 5 including a diode 7, a variable 
resistor 8 and a capacitor 9 functions simultaneously 
when the main switch 1 is closed and, in accordance 
with the time constant determined by the variable resis 
tor 8 and capacitor 9, triggers the gate of the triac 3 
through a diac (diode ac switch) or a bidirectional 
diode thyristor (semiconductor symmetrical switch) 10 
to operate the triac 3 at a small conduction angle, The 
voltage to be applied to the exposure lamp 2 at this 
time has a waveshape of FIG. 5 (b) having a low effec 
tive voltage as obtained by half-wave recti?cation with 
the diode 7 and controlling the variable resistor 8 so as 
to adjust the conduction angle of the triac 3, for exam 
ple, to the form of FIG. 5 (a) as represented by the 
hatched portion between 1r/2 and 1r of the half cycle of 
the AC voltage. Thus the exposure lamp 2 is brought 
to a preliminary state of illumination. Such pre-lighted 
state of the exposure lamp 2 is brought about simulta 
neously with closing of the main switch 1, prior to the 
initiation of copying operation and the effective voltage 
for this purpose may preferably be set at the highest 
possible level which will not produce any adverse effect 
on copying operation, in preparation for the subse 
quent full illumination of the exposure lamp 2 to be de 
scribed later. The voltage can be determined as desired 
by controlling the variable resistor 8. Further the volt 
age across the first trigger circuit 5 is maintained at a 
constant level by a neon glow lamp 11 which is dis 
posed in parallel with the diode 7, variable resistor 8 
and capacitor 9 and which absorbs variation in the con 
duction angle of triac 3 when the power source voltage 
becomes higher. ' 
The second trigger circuit 6 including a resistor 12 

and a capacitor 13 is opened or closed by a start switch 
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4 
14 and accordingly the second trigger circuit 6 is not 
energized by closing of the main switch 1. 
The start switch 14 is operatively related with the in 

sertion of an original document or feeding of photosen 
sitive paper. Employed for this purpose is a timing 
switch which is closed when pushed by the leader end 
of the original document or photosensitive paper or 
when a start switch button on an operation panel of the 
copying apparatus is depressed, the timing switch fur 
ther being such that it is opened upon lapse of a given 
period of time. 
When the start switch 14 is closed by insertion of the 

original document or forward movement of photosensi 
tive paper, the triac 3 is brought to a conducting state 
in accordance with the time constant determined by 
the resistor 12 and capacitor 13 in the second trigger 
circuit 6. Such conduction takes place at a great con 
duction angle determined by a set value of the resistor 
12, so that a high effective voltage as represented by 
the hatched portion of FIG. 5 (c) is applied to the expo 
sure lamp 2 for full illumination, as distinct from the 
above-mentioned pre-lighted state. Thus, an effective 
voltage corresponding, for example, to about 95 to 
98% of the power source voltage as seen in FIG. 5 (c) 
is applied to the exposure lamp 2. 
Since the exposure lamp 2 is preliminarily turned on 

as already described prior to full illumination for copy 
ing operation, initiation into full illumination does not 
cause a ?ow of a large rush current due to a transient 
phenomenon. Further because the effective voltage for 
pre-lighting is low as illustrated in FIGS. 5 (a) and (b), 
the rush current involved in pre-lighting is also small, 
with the result that the contacts and switching elements 
of the start switch can be prefectly protected. Further 
the control of the variable resistor 8 of the first trigger 
circuit 5 serves to correct the variations of the effective I 
voltage for the preliminary lighting. In the case where 
a variable resistor is used as the resistor 12 of the sec 
ond trigger circuit or another variable resistor is em 
ployed in combination with the resistor 12, the inten 
sity of illumination to be produced by the exposure 
lamp 2 during full operation can be adjusted by con 
trolling the variable resistor, making it possible to con 
trol the amount of exposure for the photosensitive 
paper in accordance with the kind or distinctness of the 
original document. 
Since the exposure lampv 2 is initiated into full by uti 

lizing the vertical portion of the waveshape of the volt 
age as illustrated in FIG. 5 (c), the illumination can be 
built up very satisfactorily. In place of the second trig 
ger circuit 6, it is also possible to provide a circuit in 
cluding a start switch 15 as indicated in the dotted line 
in FIG. 2 so as to short-circuit the triac 3 simulta 
neously with closing of the start switch 15, the circuit 
thus substituting for the maximum conduction angle of 
the triac 3. 
FIG. 3 shows an embodiment wherein the diode 7 in 

the ?rst trigger circuit 5 in the embodiment of FIG. 2 
is eliminated. More speci?cally, a first trigger circuit 25 
in the embodiment in FIG. 3 comprises a variable resis 
tor 28 and a capacitor 29, and a triac 23 is triggered 
through a resistor 36 and diac 30 upon closing of the 
main switch 21 in accordance with the time constant 
determined by the variable resistor 28 and the capaci 
tor 29, the triac thus being brought into conduction at 
a small conduction angle to pre-light the exposure lamp 
22. Since the first trigger circuit 25 includes no diode, 
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the voltage applied to the lamp 2 is in the form of full 
wave as shown in FIG. 6 (a) which is obtained by way 
of the triac 23 which is in a conducting state at a small 
conduction angle corresponding to the controlled value 
of the variable resistor 28, the effective voltage being 
low as indicated at the hatched portion in the ?gure. As 
in the case of FIG. 2, therefore, the exposure lamp 22 
is pre-lighted with a substantially low effective voltage. 
Just as in FIG. 2, a second trigger circuit 26 includes 

a resistor 32 and a capacitor 33 and the circuit is 
opened or closed by the start switch 34. Closing of a 
start switch 34 brings the triac 23 into a conducting 
state at a large conduction angle by way of diac 30 in 
accordance with the time constant determined by the 
resistor 32 and capacitor 33 as in the embodiment of 
FIG. 2, so that an AC current having a high effective 
voltage as illustrated in FIG. 6 (b) is supplied to the ex 
posure lamp 22 to bring it into full illumination. Thus 
exactly the same result as in the case of FIG. 2 will be 
obtained. Further a circuit including a start switch 35 
as shown in dotted line in the drawing may of course be 
substituted for the second trigger circuit 26 to short 
circuit the triac 23, the arrangement being such that si 
multaneously with closing of the start switch 35 the 
whole power source voltage is applied to the exposure 
lamp 22 to light the lamp 22 to full extent. 

In both embodiments shown in FIGS. 2 and 3, the 
start switches 14 and 34 or 15 and 35 are opened upon 
lapse of a de?nite period of time to de-energize the sec 
ond trigger circuit, and the triac is triggered by the first 
trigger circuit into a conducting state at a small con 
duction angle to thereby bring the exposure lamp to the 
pre-lighted state. 
The embodiment shown in FIG. 4 includes an oscilla 

tor 57 inserted into a trigger circuit 44 for the gate of 
a triac 43. 
The oscillator 57 is provided with a circuit 45 corre 

sponding to the first trigger circuit already described 
and a circuit 46 corresponding to the second trigger 
circuit, the circuits being connected to a terminal (a) 
and a terminal (b) respectively, a start switch 54 being 
provided which serves as a change-over switch for nor 
mally closing the terminal (a). The oscillator 57 is actu 
ated upon closing a main switch 41 to trigger the gate 
of the triac 43 through the terminal (a), start switch 54 
and a pulse transformer 58 so as to bring the triac 43 
into conduction at a small conduction angle and 
thereby pre-light the exposure lamp 42. 
When the start switch 54 is actuated upon initiation 

of copying operation to open the terminal (a) and close 
the terminal (1;) of the oscillator 57, the triac 43 is trig 
gered into conduction at a large conduction angle to 
light the exposure lamp 42 to full extent. In place of the 
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6 
start switch 54, a circuit for short-circuiting the triac 43 
including a start switch 55 may alternatively be pro 
vided to pre-light the exposure lamp 42 by closing the 
start switch 55. In this case, the terminal (a) of the os 
cillator 57 is connected to the pulse transformer 58 
with the terminal (b) left as it is as a free terminal. 

In each of the foregoing embodiments, a silicon con 
trolled recti?er may of course be substituted for the 
triac. 

I claim: 
1. A lighting system in a copying apparatus including 

a main switch for actuating said apparatus, means in 
cluding a start switch responsive to the advance of a 
sheet for initiating a copying cycle, a light source, and 
means including a triac in series with said light source 
for connecting said light source to a source of current 
and having a triggering electrode, further comprising a 
first trigger circuit means responsive to the actuation of 
said main switch for applying a preset constant small 
conduction angle signal to said triac trigger electrode 
concurrently with the actuation of said main switch to 
partially energize said light source, and second trigger 
circuit means responsive to the actuation of said start 
switch for applying a preset constant large conduction 
angle signal to said triac trigger electrode to increase 
the current through said light source to full illumination 
energization, following the triggering by said ?rst trig 
ger circuit means. 

2. The lighting system as set forth in claim 1 wherein 
said trigger circuit means includes an oscillator pro 
vided with a terminal for triggering said triac into a 
conducting state at a small conduction angle simulta 
neously when said main switch is turned on and another 
terminal to be incorporated into said circuit by the op 
eration of said start switch so as to trigger said triac into 
a conducting state at a large conduction angle. 

3. The lighting system of claim 1 wherein said first 
trigger circuit means includes a diac, a resistor and a 
capacitor and triggers said triac through said diac 
which is connected in series between said resistor and 
capacitor into a conduction state at a small conduction 
angle in accordance with a time constant which is a 
function of said resistor and capacitor upon the closing 
of said main switch. 

4. The lighting system of claim 1 comprising means 
including a variable resistor for adjusting said small 
conduction angle signal. 

5. The lighting system of claim 1 wherein said first 
trigger circuit means for maintaining the conduction 
angle of said triac is independent of voltage changes in 
said current source. 
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