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[57] ABSTRACT

An electrical shutter circuit for a camera includes a
photoelectrie transducer element which is responsive
to light from an object being photographed to deter-
mine a proper exposure period in accordance with the
brightness thereof, thus automatically controlling the
operation of a shutter assembly which opens or closes
an exposure light path. In the open position of the
shutter assembly, the photoelectric transducer element
is irradiated with light of a fixed, relatively low intensity
emitted by a luminescent element so that the electrical
shutter circuit is automatically operated for the closing
operation after a period of time determined by the light
from the luminescent element even if the incident light
from the object being photographed is extremely weak
or completely absent.

4 Claims, 3 Drawing Figures
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ELECTRICAL SHUTTER CIRCUIT FOR CAMERA

BACKGROUND OF THE INVENTION

The invention relates to an electrical shutter circuit
for camera which provides an automatic, proper con-
trol of the shutter open time in accordance with the
brightness of an object being photographed.

As js 'well known, a camera incorporating an electri-
cal shutter is constructed such that the depression of a

shutter button is effective to operate a shutter assembly -

for an opening movement .so as to open an exposure
light path to initiate an exposure operation, and simul-
‘taneously ' a photoelectric transducer element con-
tained within an electrical shutter control circuit be-
comes responsive to reflected light from an object
being ‘photographed so that when a proper. exposure
period has elapsed, the electrical shutter control circuit
‘operates to close the shutter assembly automatically.
However, with a camera of this kind, there is a disad-
vantage that a shutter assembly, once released, remains
open for an indenfinite period of time where reflective
light from an object being photographed is absent or
extremely weak. For example, when the shutter is oper-
‘ated with a camera directed toward the darkness or
when the shutter is inadvertently released when encas-
ing the camera, the shutter remains open. The exposure
_period for the shutter will be from several minutes to an
indefinite period of time in this instance, so that the
battery will be exhausted in vain, preventing subse-
quent photographing operations. :

The above disadvantage is also involved when load-
ing film into the camera in a dim place. Specifically,
when loading film into the camera, it is initially neces-
sary to provide an idle film feed for the first two or
three frames. With a camera of a self-cocking type, the
film winding operation is prevented unless the exposure
through the shutter is completed. Because an incident
light directed onto an electrical shutter is reduced in a
dim place, an automatic completion of the shutter op-
eration is prevented, thus precluding an idle film feed-
ing operation.

Summary of the Invention

. It is an object of the invention to eliminate such dis-
advantages of a conventional electrical shutter by pro-
viding an electrical shutter circuit for cameras which
assures a closing operation of the shutter assembly after
a period of time which corresponds to the maximum
open period of the shutter assembly obtainable when a
shutter control circuit is able to respond to the bright-
ness of an object being photographed, in the event that
‘the brightness of the object being photographed is re-.
duced below a given level to prevent the shutter control
circuit from establishing a proper shutter open period.
It is another object of the invention to provide an
electrical shutter circuit for a camera which permits the
timing at' which the shutter assembly is operated for a
-closing operation to be controlled over a number of
steps. ‘ ’
- Inaccordance with the invention, there is provided a
photo-bias circuit which irradiates a photoelectric
transducer element of an electrical shutter control
circuit, which provides the photometry of the bright-
ness of an object being photographed, with light of a
given intensity so as to assure that in the absence of
incident light on the photoelectric transducer element,
the shutter assembly is operated for.a closing move-
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ment after a.given period of time. In one arrangement,
such a period of time may be greater than but ap-
proaching the maximum designed exposure period,
that is, the maximum open period obtainable when the
shutter control circuit is able to respond to the bright-
ness of an object being photographed. Such maximum
open period is usually on the order of seconds to min-
utes. Thus, in the event the brightness of an object
being photographed is reduced below a given level to
prevent the completion of the shutter operation within
a reasonable period of time, it is assured that the shut-
ter assembly be closed after a period of time corre-
sponding to the maximum designed exposure period or
maximum shutter open period obtainable when the
shutter control eircuit is able to respond to the bright-
ness of an object being photographed. In this manner,
the above disadvantages of a‘ conventional electrical
shutter are eliminated. In addition, a- more reliable
operation of the electrical shutter control circuit in-
cluding the photoelectric transducer element is pro-
vided.

In accordance with another aspect of the invention,
the timing at which the photo-bias circuit operates to
assure a closing operation of a shutter assembly can be
controlled over a number of steps, thereby enabling an
exposure over a prolonged period of time in such in-
stances as during nighttime and thus increasing the
operating range of the camera.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of the electrical shutter
circuit for a camera constructed in accordance with
one embodiment of the invention;

FIG. 2 is a circuit diagram of another embodiment of
the photo-bias circuit which can be incorporated into
the electrical shutter circuit of the invention; and

FIG. 3 is a circuit diagram, shown in the manner of a
perspective view, of a further -embodiment of the
photo-bias circuit. co v T

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Referring to FIG. 1, a d.c. power source 1 such as a
battery is shown to be connected through a power
switch 2 with an electrical shutter control circuit 3 and
a photo-bias circuit 4. The shutter control circuit 3
comprises a photodiode 5 utilized as a photoelectric
transducer element which is responsive to light 30 from
an object being photographed to determine the bright-
ness of such object. The photodiode 5 is connected in
series with a capacitor 6 to form a'time constant circuit
7, which is connected across the power source 1
through the power switch 2. The junction between the
photodiode § and the capacitor 6 of the time constant .
circuit 7 is connected with a gate terminal of an N-type
field effect transistor 8, the source terminal of which is
connected with a slidable point on a potentiometer 9
and the drain terminal of which is connected with a
base terminal of a PNP transistor 10. The potentiome-
ter 9 is connected across the power source through the
switch 2. The capacitor 6 is shunted by a shutter switch -
11 which is adapted to be opened when a shutter as-
sembly is operated for its opening movement. A sole-
noid 12 which is operative to block.the closing opera-
tion of the shutter assembly, once an exposure light
path is opened, is connected in series with an NPN
transistor 13, and the series circuit thus formed is con-
nected across the power source 1 through the power
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switch 2 as is another series circuit including an NPN
transistor 14 and a resistor 19. The transistor 13 has its
base terminal: connected with the collector terminal of
the transistor 14, the base terminal of which is con-
nected through a coupling resistor 17 with the collector
terminal of the transistor 10. The collector terminal of
the transistor 10 is also connected with the emitter
terminal of the transistor 14 through a resistor 18.

The photo-bias circuit 4 comprises a luminescent
element.shown as a luminescent diode 15, exhibiting a
low power dissipation, connected in series with a resis-
tor 16 which functions to adjust the amount of light
: 'emltted therefrom. This series circuit is connected
across the power source 1 through the power switch 2.
The luminescent diode 15 is disposed so that the light
emitted therefrom impinges on the phototransistor 5 of
the shutter control ‘circuit 3, thus providing a photo
bias of a relatively low intensity to the phototransistor
5.

The shutter assembly associated with the electrical
shutter circuit of the invention is charged by a film
winding operation of the camera so as to be ready for
operation, and is released upon depression of a shutter
button, whereupon a shutter blade or a first blind which
opens an exposure path begins to run. When the expo-
sure path is opened, photometry is initiated, and when
a proper exposure has been achieved, the shutter con-
trol circuit operates to deenergize the solenoid 12 to
allow a closing shutter blade or a second blind to run,
thereby closing the exposure path.

The power switch 2 is operated in interlocked rela-
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tionship with the operation of a shutter release button .

of the camera, and is adapted to be closed before the
commencement of the operation of the shutter assem-
bly when the release operation is effected.

In use, subsequent to a film winding operation of a
camera, a shutter, release operation will initially close
the power switch 2, whereby the shutter control circuit
3 and the photo-blas circuit 4 are both connected with
the power source 1 to initiate their operation, thus
allowing 2 luminescence from the luminescent diode
15. Since the shutter switch 11 remains closed at this
time, - the field effect transistor 8 remains off as well as
the. transistors 10, 14, As a result, the transistor 13 is
free to turn. on to energize the solenoid 12, thereby
blocking the closing operation of the shutter assembly.
Dunng the last stroke of the shutter release operation,
an exposuge pa‘th opening shutter blade or a first blind
of the:charged shutter assembly begins its operation,
opening: the. exposure path. An exposure path closing
shutter blade or a second blind tends to close in follow-
ing relationshlp with the opemng of the exposure path,
but such closing operation is prevented by the action of
the blocking solenoid 12, thereby maintaining the ex-
posure path open.

_The shutter switch 11 is opened in interlocked rela-
tionship with the opening operation of the shutter as-
sembly, thereby allowing the capacitor 6 in the time
constant circuit 7 to be charged. Then the gate poten-
tial of the field effect transistor 8 rises with a time
constant determined by the resistance of the photodi-
ode § and the capacitance of the capacitor 6, and when
it reaches a given level, the transistor 8 turns on, which
in turn.allows the transistors 10 and 14 to turn on. Thus
the transistor 13 is turned off to deenergize to solenoid
12, so that the constraint on the closing shutter blade of
the.shutter assembly is released, thus closing the expo-
sure.-path. In-this manner, the shutter assembly is open
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for a period of time which is determined by the time
constant defined by the time constant circuit 7 of the
shutter control circuit 3, and is closed thereafter.

Where the brightness of an object being photo-
graphed is reduced below a given level and the shutter
control circuit 3 fails to establish a shutter open period
in accordance with the brightness of an object being
photographed as determined by the photodiode 5, as
when the camera is encased to prevent the incidence of
light onto the photodiode 5, the presence of a photo
bias of a relatively low intensity onto the photodiode 5
from the luminescent diode 15 assures that the time
constant circuit 7 will hive a time constant which is
determined by the photo bias, and hence the shutter
assembly will have an open period which is also deter-
mined by the photo bias. It will be seen that the photo
bias applied to the photodiode 5 operates to shift the
operating point of the photodiode 5.

The resistance of the resistor 16 is adjusted to a value
such that the level of the photo bias applied from the
luminescent diode 15 is substantially comparable to the
lowest brightness of an object being photographed to
which the shutter control circuit 3 can respond, thus
assuring a given shutter open period in the event the
incidence of light from an object being photographed
onto the photodiode 5 is interrupted. Since the amount
of light emitted by the luminescent diode 15 can be
adjusted precisely over an extensive range by merely
adjusting the resistance of the resistor 16, the shutter
open period determined by the shutter control circuit 3
in response to the photo bias can very simply and pre-
cisely be determined over an extensive range. An addi-

- tional advantage resulting from the use of the photobias

circuit is the fact that a more reliable and stable opera-
tion of the shutter control circuit 3 is assured in that the
operative point of the photodiode 5 can be raised from
a point where its operation is unstable to a more stable
operating position when the normal level of incident
light is low. ;

In the embodiment shown in FIG. 1, a single resistor
16 is connected in series with the luminescent diode 15,
so that the shutter open period determined as a result
of the photo bias can only assume a single value. If such
shutter open period is preset to a value on the order of
1 minute, the shutter assembly will be automatically
closed regardless of the light from an object being pho-
tographed even if a required exposure period exceeds a
time interval of one minute after a shutter release oper-
ation. This would restrict the use of the camera in
which the shutter circuit according to the invention is
incorporated. Thus, a photographing operation requir-
ing more than 1 minute, for example, taking pictures of
a starlight night or fireworks, will be hindered because
the shutter assembly will be closed as a result of the
light from the luminescent diode 15. This is avoided by
the arrangement shown in FIG. 2.

The photo-bias circuit shown in FIG. 2 comprises a
pair of resistors 20 and 21 which are alternately
switched into the circuit with the luminescent diode 15
for changing the level of light emitted therefrom. A
change-over switch 22 has its movable contact 22a
connected with the negative terminal of the battery 1
and has its fixed contacts 22b and 22¢ connected with
one end of the resistors 20 and 21, respectively. The
other end of these resistors is connected with the cath-
ode of the diode 15, the anode of which is connected
through the :power switch 2 with the positive terminal
of the battery 1. The resistor 20 has a relatively low
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resistance such that a shutter open period of say %
second may be obtained when it is connected in circuit.
The other resistor 21 has a higher resistance such that
a shutter open period of say ten minutes may be ob-
tained when it is connected in circuit. When a photo-
graphing operation requires a prolonged period of time
for exposure, the change-over switch 22 is switched to
the fixed contact 22¢ to connect the resistor 21 in the
photc-bias circuit so that an exposure period as long as
10 minutes may be allowed. After the lapse of the 10
minute period, the shutter control circuit becomes
operative to close the shutter assembly. When the cam-
era is used during daytime, the change-over switch 22 is
switched to the fixed contact 22b to connect the resis-
tor 20 in circuit, whereby the maximum shutter open
period is limited to % second so as not to interfere with
successive photographing operations.

FIG. 3 shows a modification of the arrangement
shown in FIG. 2 in that when the resistor 21 is con-
nected in circuit, it is also connected in series with the
resistor 20. One terminal of resistors 20 and 21 are
connected to conductive pad 27. Pad 27 is electrically
connected to contact 225, for example, by a conductive
lead provided on the underside of board 25 (not shown
for purposes of simplicity). In this modification, the
movable contact 22a of the change-over switch 22 is

20

25

adapted to be operated by a cam member 23 which is -

in turn driven by a knob 24 that is provided on the
exterior of the camera. The movable contact 224 and
the fixed contacts 22b, 22¢ of the change-over switch
22 and the cam member 23 are mounted on a printed
circuit board 25, By turning the knob 24 90° counter-
clockwise (as viewed in FIG. 3) about its axis 26, the
cam member 23 is operated to bring the movable
contact 22a into engagement with the fixed contact
22c, whereby both resistors 20, 21 are connected in
series with each other. By turning the knob 24 90°
clockwise about the axis 26, the cam member 23 is
operated to bring the movable contact 224 into engage-
ment with the fixed contact 22b to connect only the
resistor 20 in circuit. _

While in the embodiments shown in FIGS. 2 and 3, a
pair of resistors have been used to establish a relatively
long and a relatively short shutter open period, it will
be readily noted that the number of resistors may be
increased as to permit a free choice among a number of
established shutter open periods.

What is claimed is: ;

1. For use in preventing the premature exhaustion of
a battery in a camera, an electrical circuit assembly for
the camera comprising a shutter assembly and a control
circuit therefor which is responsive to a shutter opening
operation for automatically controlling the closing of
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the shutter assembly, the shutter control circuit includ-
ing a photoelectric transducer element responsive to
light reflected from an object being photographed for
generating an output which aids in determining a
proper exposure period in accordance with the bright-
ness of the reflected light, integrating means connected
in electrical series with said transducer element and
responsive to the output of said element for developing
a signal increasing toward an output level at a rate
controlled by the magnitude of said transducer element
output; means responsive to the presence of said output
level for closing said shutter assembly; and a photo-bias
circuit having a light emitting element for irradiating
the photoelectric transducer element with light of a
given intensity; a battery type portable power source,
switch means for simultaneously energizing the light
emitting element and the transducer element from the
power source when the shutter opening operation is
initiated, said photo-bias circuit element being con-
nected in series with a resistor .element for selective
connection across said power source and being ener-
gized immediately upon initiation of the exposure and
remaining energized at a constant value throughout the
entire exposure period and regardless of the length of
the exposure period or the intensity of light reflected
from the subject and picked up by the transducer ele-
ment, the value of the resistance element maintaining
the intensity of illumination constant to controlling the
shutter control circuit to close the shutter assembly at
a given period of time after a shutter opening operation
which given period is greater than a maximum desig-
nated period for a normal photographing operation, in
the event that light reflected from an object being pho-
tographed which is incident on the photoelectric trans-
ducer element, while the shutter assembly is open, is
very weak or absent, so as to enable the shutter assem-
bly to remain open at least long enough to permit the
occurrence of a normal photographing operation.

2. An electrical shutter circuit for a camera aceord-
ing to claim 1 in which there is provided a plurality of
resistors and means for selectively connecting said
resistors with the luminescent element, thereby permit-
ting a variation in the level of light emitted by the lumi-
nescent element. - e

3. An electrical shutter circuit for a camera accord-
ing to claim 1 in which the luminescent element com-
prises a luminescent diode of a low power dissipation.

4. The apparatus of claim 1, wherein the photobias
circuit comprises a luminescent element and means for
adjusting the light intensity of said ‘element to control
said maximum period wherein said by maximum period
lies in the range between 0.5 seconds and several min-

utes.
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