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ABSTRACT OF THE DISCLOSURE

A device for automatic control of the quantity of light
from an electronic flash, by comparing the brightness of a
photographic object with the quantity of light required for
particular photographing conditions including the degree
of lens aperture selected and the sensitivity of the film
used. The brightness of the photographic object is meas-
ured as the sum of the natural light brightness and the
brightness due to electronic flash, and as soon as the sum
brightness thus measured reaches the required quantity of
light, a stop signal is given. Thereby, the electronic flash
is controlled, and at the same time signal is given for the
sufficient brightness of the photographic object.

This invention relates to a device for automatic control
of the quantity of light from electronic flash, responsive
to the brightness of the respective photographic object in
view of settings of the sensitivity of film, the degree of lens
aperture, and shutter speed. More particularly, the present
invention relates to an automatic controlling device for
the quantity of light from electronic flash, which is capa-
ble of electronic flash photographing with or without the
daylight by measuring both the natural or daylight com-
ponent and the electronic flash component of the bright-
ness of the photographic object.

With known automatic devices for controlling the quan-
tity of light, it has been extremely difficult to carry out
electronic flash photographing in the daylight, because
only the light beams from electronic flash is measured by
a photoelectric means, for determining the quantity of
light, and bence, in measuring the brightness including the
electronic flash light and natural light, there has been a
considerably large error for the daylight brightness com-
parable with the electronic flash brightness.

Therefore, an object of the present invention is to obvi-
ate such difficulty of the known devices for controlling the
quantity of light for photographing by providing an auto-
matic device for controlling the quantity of light from
electronic flash and for giving an alarm for the daylight
sufficient for eliminating the need of electronic flash, which
device, for instance, includes two photoelectric elements
to measure the brightness of each photographic object in
two separate quantities, i.e., one due to daylight and an-
other due to electronic flash, respectively, so that the
actual brightness of the object can be achieved by adding
the above two quantities for regulating the quantity of
light from the electronic flash, as well as for generating
alarm signal in cases where the daylight is sufficient for
successful photographing without necessitating the use of
the electronic flash.

Another object of the present invention is to provide an
automatic device for controlling the quantity of light from
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the electronic flash and for giving an alarm when the day-
light is bright enough to eliminate the need of electronic
flash. The device includes a photoelectric element for
measuring the overall brightness of each photographic ob-
ject owing to both the natural daylight and electronic
flash; a discriminating means adapted to separate the DC
component of the output from the photoelectric element,
representative of the intensity of slowly changing daylight
component of the object brightness, from the remaining
AC component of said photoelectric element output, rep-
resentative of the intensity of rapidly varying electronic
flash component thereof; an integrator-amplifier adapted
to integrate the thus discriminated AC component to pro-
duce an output representing quantity of light from the
¢lectronic flash and to amplify the DC component; an
adder to add the thus integrated electronic flash com-
ponent and the daylight component so as to produce a
brightness output; a reference means for producing a
reference output representing the sum of settings on film
sensitivity, degree of lens aperture, etc.; a comparator to
compare said brightness output with said reference output,
s0 as to produce a control output; a control means to regu-
late the quantity of light from said electronic flash in re-
sponse to said control output; and an alarm means for
giving an alarm when said daylight quantity is too high to
use said electronic flash.

A further object of the present invention is to provide a
device for automatically controlling the quantity of light
from electronic flash, which device includes a photoelec-
tric element adapted to determine the overall brightness of
each photographic object; an integrator adapted to inte-
grate AC component of the output from said photoelec-
tronic element, representing rapidly varying electronic
flash component of said photoelectric element output, and
to amplify DC component of said output, representing
slowly varying daylight component thereof, so that said
integrator produces an integrated output representing the
sum of a quantity proportional to the electronic flash light
quantity and another quantity proportional to the daylight
quantity as modified by a selected shutter speed; a refer-
ence means for producing a reference output representing
one or more settings on film sensitivity, degree of lens
aperture, etc.; a comparator for comparing said integrated
output and said reference output to produce a control out-
put; and a control means for controlling the quantity of
light from said electronic flash, responsive to said control
output.

Another object of the present invention is to provide an
automatic device for controlling the quantity of light from
the electronic flash of any of the aforesaid types, which
device includes a switch circuit consisting of SCR switch
elements for regulating said quantity of light from elec-
tronic flash, having a starting unit and a bias unit for pro-
viding reverse bias to quicken the turnoff operation there-
of. According to the present invention, the switch circuit
is connected in series with the electronic flash, so that the
duration of light emanating from the electronic flash can
be controlled by regulating the switching time of said
switch circuit. To insure satisfactory operation at high
speed, the switch circuit should have a high interrupting
capacity to deal with the high loss during such high speed
switching operation. On the other hand, as well known to
those skilled in the art, the instantaneous peak current in
an SCR can be several ten times as large as the maximum
mean forward current, and in the case of electronic flash
circuit, the duration of current flowing through the SCR,
if used, is very short with comparatively long noncon-
ducting periods between succeeding operations. Accord-
ingly, a small capacity SCR can be used in the electronic
flash circuit. Since the small capacity SCR has difficulty in
turning off a large current, in the device of the invention,
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a counterbias means is provided to shorten the switching
time down to two-thirds—one-third of that without it.

Other objects and a fuller understanding of the present
invention may be had by referring to the following de-
scription, taken in conjunction with the accompanying
drawings, in which:

FIG. 1 is a block diagram of a control device embody-
ing the present invention;

FIG. 2 is a circuit diagram of the control device;

FIG. 3 is a circuit diagram of a switch circuit with an
alarm means, usable in the control device;

FIG. 4 is a simplified circuit diagram of a means for
measuring the quantity of light of daylight or natural light
brightness;

FIG. 5 is a schematic diagram of a circuit for setting
the film sensitivity, the degree of lens aperture, and the
like;

FIG. 6 is a block diagram similar to FIG. 1 but show-
ing another control device according to the present inven-
tion;

FIG. 7 is a circuit diagram of the control device of
FIG. 6;

FIGS. 8 and 9 are diagrams similar to FIGS. 5 and 3
respectively but showing a setting circuit and a switch
circuit usable in the device of FIG. 6;

FIG. 10 is a block diagram of another embodiment of
the present invention;

FIG. 11 is a circuit diagram of a computing means for
electronic flash light;

FIG. 12 is a circuit diagram of another computing
means for daylight or natural light;

FIG. 13 is a circuit diagram of an integrator of quantity
of light, actually used in the device of FIG. 10;

FIGS. 14 and 15 are circuit diagrams of the device of
FIG. 10;

FIG. 16 is a circuit diagram of a different light measur-
ing means, usable in the control device according to the
present invention;

FIG. 17 is a circuit diagram of switching means usable
in any of the aforesaid control devices; and

FIG. 18 is a graph showing curves representing opera-
tion of various circuit elements in the device according to
the present invention.

Like parts and elements are designated by like numerals
and symbols throughout the drawings.

The quantity of light to be emanated from an electronic
flash for successful photographing is determined in the
following manner, in the control device according to the
present invention. For the sake of simplicity, it is assumed

in the following derivation of equations that separate 5

photoelectronic elements are used for electronic flash light
and for daylight or natural light. However, it is apparent
to those skilled in the art that by using a suitable discrimi-
nator means, the quantity of light for both the electronic

flash and natural light can be determined with only one ¢

photoelectric element.

If the overall brightness of the photographic object is
assumed to have a value B, due to daylight or natural light
and another value B, due to electronic flash light, then the
quantity of light delivered to a photoelectric element Py
for electronic flash is equal to K;(B;+B,), K; being a
constant. Accordingly, the total output current from the
photoelectric element Pg is

(is+io=K2(Bs+Bo);

wherein Kj is another constant,

is is a photoelectric current generated by light from the
electronic flash, and

i, is a photoelectric current generated by natural light. The
photoelectric current i, generated by natural light can
be considered as a direct current, because the natural
light intensity varies only very slowly. Hence, by pass-
ing the output current from the photoelectric element
P, through an AC amplifier, the DC component i, there-
of can be eliminated, so as to produce an amplified AC
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component Ksig, K; being a constant. By integrating the
thus separated AC component for the time period corre-
sponding to each energization of the electronic flash,
the following output can be achieved.

K, f idt (K, being a constant)

On the other hand, another photoelectric element P,
for natural light has the same output (ig-4i,) as that of
the preceding element P;. Upon bypassing the AC com-
ponent, by means of a capacitor, the DC component,
representing the brightness due to the natural light, can
be separated and delivered as an output quantity Ksi,
(Ks being a constant).

It is apparent to those skilled in the art that by using a
suitable combination of high-pass and low-pass filters, the
aforesaid two photoelectric elements P, and P, can be
replaced with only one photoelectric element P, to achieve
the same output quantities Ky fizdt and Ksi,.

The proper quantity of light to be expressed to a film is
generally given by the following equation.

(f Bgdt+B,T)/F2=K/S
Here,

F represents the degree of lens aperture,
T the shutter speed selected,

S the sensitivity of the film used, and

K a constant.

Accordingly, the following relation should be satisfied
for successful photographing.

(KyJigdt-+Ksi, T) /F2=K/S

Rearranging,
K, fidt=KF2/§—K;i, T

The last mentioned equation gives the quantity of light to
be generated by an electronic flash for successful photo-
graphing.

Now, referring to FIG. 1, the AC component of the
output from a photoelectric element P, for detecting light
from an electronic flash is amplified by an AC amplifier
for separating the DC component thereof and for amplify-
ing the AC component. Then the AC component is inte-
grated by an integrator to deliver an output quantity pro-
portional only to the magnitude of the AC component. On
the other hand, the AC component of the output from an-
other photoelectric element P, for detecting natural light is
bypassed by a suitable capacitor, so that the remaining DC
component of the output from P, is delivered as another
output quantity B,T, incorporating the shutter speed set-
ting. The two output quantities are added by an adder to
produce a brightness output A, which is applied to a com-
parator,

Another input quantity to the comparator is an output
B, which is equal to KF2/S and represents the settings of
the degree of lens aperture and the film sensitivity, as
defined above.

If the quantity of light from the electronic flash in-
creases to raise the level of the brightness output A de-
livered to the comparator, until it coincides with the
setting output B representing the film sensitivity and the
degree of lens aperture, then the condition of A=B is
achieved and a stop signal is delivered to a switch circuit
to turn it off. Thereby, proper quantity of light for the
given setting can be achieved.

If there is a very strong natural light available, which
is sufficient for successful photographing without energiz-
ing the electronic flash, for a given shutter speed T, then
the condition of A=B is established, so that the com-
parator generates a stop signal before energization of the
electronic alarm, to actuate the alarm circuit. Thereby,
the alarm is given to notify that the electronic flash need
not be energized.

In FIG. 2, the output from the photoelectric element
P, for detecting light from the electronic flash is connected
to an AC amplifier, which consists of a transistor Q, re-
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sistors Ry, Rj, Ry, Ry, capacitors Cy, and C;. The output
from the AC amplifier is applied to an integrator com-
prising a field effect transistor Q,, resistors Rg Ry, Ry,
Ry, capacitors Cs, and Cg. An electric quantity, repre-
sentative of the quantity of natural light, can be pro-
duced by a circuit including a photoelectric element P,
a transistor Qs, resistors Ry, Ry;, Ryq, and a capacitor C,.
A Zener diode D, is connected to the base of the transistor
Q; to maintain the base voltage at a constant level E,.
The shutter speed setting is represented by regulating
the resistance value of the resistor Ry, which is a rheostat
type. By connecting, in series, the resistor Rg of the in-
tegrator associated with the electronic flash to the resis-
tor R, associated with the natural light, the brightness
output A can be produced.

FIG. 4 shows the details of the natural light detecting
circuit of an adder circuit, in which a constant standard
voltage E, is applied across the base of the transistor
Q: having the photoelectric element P, connected to the
emitter thereof. Then, the differential voltage between
the base and the emitter of the transistor is small, and
a substantially constant voltage E, is applied across the
photoelectric element P, regardless of the resistance vari-
ation of the element P,. If the photoelectric element P,
has the performance characteristics K’’/B,=R, wherein
K’ is a constant, B, is the brightness at the element, and
R is the internal resistance of the element, then the emitter
current i, can be given by i,—E,/R=E,B,/K”. In this
case, the collector current i’ is approximately the same
as the emitter current i, namely i, =i, If the resistance
value of the variable resistor Ry is so adjusted as to repre-
sent the shutter speed T according to the relation of

Rg = K5T,

then the voltage across the resistor Ry represents the quan-
tity of light due to natural light, which is given by

K;i, T=K;i, T=K'B,T. (K’ being a constant)

If the resistance value of Ry is selected to be very large,
as compared with Ry, or Ry Ry, then only Ry acts as the
effective load resistor of the integrator and Ry becomes
negligible as the load resistor. Thus, the voltage across
the resistor Ry is given by K4fidt, which represents the
quantity of light of the electronic flash. Accordingly, the
brightness output terminals across the resistors Ry and
Ry receive a voltage given by

K, fisdt+Ksi T.

Referring back to FIG. 2, a comparator is connected
to the brightness output terminals through a blocking
transformer Ty, which comparator comprises a transistor
Q,, a capacitor Cq, and variable resistors Ry3, Ry4 for set-
ting the film sensitivity and the degree of lens aperture.
In FIG. §, if the resistor Ry, is assumed to be not acting
as a load of the resistor Rys, then the output voltage
across the slider of the resistor Ry, is determined by the
position of each slider of the resistors Ry;; and Ry By
adjusting the sliders of the linearly variable resistors Ry;
and Ry, it is possible to produce a setting output KR2/S
at the output terminal, which is the slider of the resis-
tor Ry,

In FIG. 2, a capacitor Cq; is charged with the setting
output voltage, and the voltage across the capacitor C; is
continuously compared with the brightness output volt-
age, appearing across the resistors Ry and Ry connected
in series, which varies according to the formula

(Kyofigdt+Ks5i,T).

When the brightness output voltage across the resistors
Rj and Ry becomes the same as the setting voltage across
the capacitor Cg, the transistor Q; of the comparator is
blocked, so that a stop signal pulse is generated at the
output winding of the transformer T;, which is then de-
livered to a switch circuit.

[

10

30

40

60

70

75

6

FIG. 3 shows the construction of the switch circuit
for clamping the electronic flash L. When a start switch
SW of the electronic flash is closed, the electronic flash
L is actuated, and at the same time, a trigger circuit ac-
tuates the trigger SCR; to bring it into conductive state.
Upon application of the stop signal pulse from the trans-
former T; to an SCR, of the switch circuit, the SCRy
becomes conductive to bypass the current of the elec-
tronic flash L through a capacitor Cy. Thus, the SCR,
becomes nonconductive, and when the capacitor C, is
charged in the reverse direction, the electronic flash L is
turned off. Thus, the desired quantity of light is obtained
from the electronic flash L.

There is provided an alarm neon tube N across a re-
sistor Ry through another resistor Ry;. If the quantity
of natural light is sufficient for photographing, or if the
brightness output exceeds the setting output representing
the film sensitivity S and the degree F of the lens aper-
ture, without actuating the electronic flash L, the compara-
tor generates the stop signal pulse continuously, to make
the SCRy conductive. The resistance value of the resis-
tors Ryg and Ryy is selected to be high enough not to main-
tain the SCR, conductive when the stop signal pulse is
removed. Thus, the SCR,; becomes conductive only when
the stop signal pulse is applied thereto. In other words,
the voltage is intermittently applied across the resistor
Ry; to flash the neon tube N. As a result, the flashing of
the neon tube N gives an alarm informing that the elec-
tronic flash L need not be actuated.

As described in the foregoing, according to the present
invention, the natural light component and the electronic
flash light component of the brightness of the photo-
graphic object are measured separately, so that accurate
exposure control can be insured. On the other hand,
known exposure control systems for electronic flash pho-
tographing measure only the electronic flash component
of the brightness even in daylight. Moreover, when the
daylight is sufficient for particular photographing condi-
tions, the alarm signal is given to indicate that the elec-
tronic flash need not be actuated, so that proper applica-
tion of the electronic flash is insured.

Referring to FIG, 6, illustrating the block diagram of
another embodiment of the present invention, a portion
of the output from a photoelectric element P is applied
to a high-pass filter HPF and then integrated by an in-
tegrator, to produce an integrator output, which is pro-
portionate only to the quantity of light from an elec-
tronic flash. The remaining portion of the output from
the photoelectric element P is applied to a low-pass fil-
ter LPF and then amplified by a DC amplifier, to pro-
duce an amplifier output through a means for setting
shutter speed. The output from the shutter speed setting
means represents a quantity B,T which is proportionate
only to the quantity of natural light. An adder is pro-
vided to take the sum A of the integrator output and the
shutter speed setting means output, so as to apply the
thus achieved sum to a comparator. The sum A corre-
sponds to the brightness output of the preceding embodi-
ment, described in detail hereinbefore referring to FIGS.
1to 5.

A setting output B, which represents a quantity KF2/8S,
indicative of the film sensitivity and the degree of lens
aperture is applied to the comparator, so that the setting
output B may be compared with the brightness output A,
in the same manner as in the preceding embodiment.

In FIG. 7 showing the circuitry of the device of FIG.
6, the output from the photoelectric element P is taken
as the voltage across a resistor R3 connected in series
to the element P. A high-pass filter HPF consists of a
capacitor C; and a resistor R;. An integrator is formed
by a field effect transistor Qy, resistors Ry, Rs, Rg, R and
capacitors Cy, C4. A Zener diode D, is used to maintain
the bias voltage of the field transistor Q; at a constant
level. A resistor R, and a capacitor Cq constitute the low-
pass filter LPF, while a transistor Q. and resistors Rg,
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R, form the detector of natural light. The resistor Ry is
of rheostat type and acts as a means for setting the shut-
ter speed indication, and the series connection of the
resistors R; and R, contributes to produce the sum of
the electronic flash light component and the natural light
component of the photographic object brightness, ie. a
brightness output A.

To determine the natural light component of the bright-
ness the resistor Ry connected in series to the transistor Qg
has a high resistance value, so that it does not act as the
load of the low pass filter. Then, the voltage across the
resistor Rq is approximately the same as the output voltage
from the low-pass filter. If the resistance value R of the
photoelectric element P has the characteristics of Ral/B,,
wherein B, is the brightness at the photographic element,
the emitter voltage E, is given by the following equation.

Ee:Elell (R—]—R:;) =E‘1R3/R.
Here,

E, represents the voltage applied to the photoelectric ele-
ment, and

R, represents the resistance value of the resistor Ry, which
is negligibly small, as compared with R, ie. Rp<<<R.

In this case, the collector current is about the same as the
emitter current, and hence, the collector current i, can
be given by the following equation.

iy’ =ig=(R3B1/R)/Ry=K¢/R
Ke¢=R:E/Rg

If the shutter speed T is so selected as to establish
Ry=K;T, wherein Ry is the resistance value of the variable
resistor connected in series to the transistor Qg, then the
voltage across the resistor Ry is given by

Ki,’=K;i,T=K'B,T (K’ being a constant).

The above voltage across Ry represents the quantity of
natural light.

If the resistance value of R; is selected to be for larger
than Rg, so as to establish the relation of Rg<(<(Rs, then
the resistor Ry acts as the load resistor of the integrator,
while Ry becomes negligible as the load of the integrator.
Thus, the voltage across R; becomes K,figdt representing
the quantity of light from the electronic flash. Accord-
ingly, the output voltage across the resistors Ry and Rj
connected in series becomes (K, fi;dt4-Ksi,T), which is
the brightness output.

In FIG. 7, a comparator comprises a transistor Q;, a
capacitor C;, and a blocking transformer T;. The film

sensitivity and the degree of lens aperture are set by regu- 5

lating the sliders on the resistors Ryo and Ry, respectively.

The circuitry for setting the film sensitivity and the lens
aperture degree is shown in FIG. 8. If the resistor Ry, is
assumed not to act as a load of the resistor Ry,, the out-
put from the resistor Ry, is determined by the position of
sliders of each resistor. If the sliders of the linearly
variable resistors Ry, and Ry; are so set as to represent
K/S and F2, respectively, then the output from the re-
sistor R;; represents the function KF2?/S, or the setting
output, as in the case of the preceding embodiment.

A capacitor C; is provided to store the setting output
KF2/S from the resistor Ry; as a voltage across the capaci-
tor. The brightness output (K. fisdt+Ksi,T), appearing
across the resistors Rs and Ry connected in series, is com-
pared with the aforesaid setting output KF2KS, stored in
the capacitor Cs, so that if the two outputs coincide, the
comparator is blocked and produces a stop signal pulse at
the secondary differential winding of the transformer T;.
The stop signal pulse actuates the switch circuit.

In FIG. 9, when an electronic flash starting switch
SW is closed, the electronic flash L is energized, and at the
same time, the trigger circuit is actuated to make a silicon
controlled rectifier SCR; conductive. If the stop pulse
signal from the comparator, indicating the coincidence of
the setting and brightness outputs, is delivered to another

30

40

60

8

silicon controlled rectifier SCRy; and the current in the
electronic flash L is shifted to a path through a capacitor
C, and SCRy, and hence the SCR, is blocked. Accordingly,
as the capacitor C; is charged in the opposite polarity, the
electronic flash L is deenergized. Thus, the quantity of
light from the electronic flash is controlled, by stopping
it at any desired moment.

A neon tube N is connected across a resistor R,; through
another resistor Ry, for alarm purpose. When the bright-
ness output reaches the same level as the setting output
without energizing the electronic flash, or when the natural
light is sufficient for the desired photographing without
actuating the electronic flash, the stop signal pulse is
continuously delivered from the comparator to the SCR,.
In this case, due to the high resistance value of the resis-
tors Ry; and Ry, the SCR; cannot remain conductive after
the stop signal pulse is removed. In other words, the
SCR, is conductive only when the stop signal pulse is
applied thereto. Thus, an intermittent voltage is applied
across the resistor R,y to ignite the neon tube N. As a
result, the flashing of the neon tube N indicates that the
electronic flash need not be energized.

As described in the foregoing, according to the present
invention, both the natural light component and flash light
component of the brightness of the photographic object
can be detected by a single photoelectric element, and then
the output from the photoelectric element is divided into
the flash component and natural light component the latter
component, incorporating the shutter speed setting, so
that the exposure to the electronic flash can be controlled
more accurately than by any known automatic methods of
measuring only the flash light quantity. Moreover, when
the natural light is sufficient for satisfactory photograph-
ing under certain photographing conditions, an alarm is
given to indicate that the electronic flash need not be ener-
gized. Thus, successful flash photographing is insured with
and without daylight.

FIG. 10 shows a block diagram of another embodiment
of the present invention, in which an integrator capable
of both integration and simple amplification is used. A
photoelectric element in the light measuring portion re-
ceives light from the photographic object, including the
natural light and flash light components, The output cur-
rent from the photoelectric element is modified by the
setting of the sensitivity of the film used or lens aperture
degree selected, and then applied to an integrator at the
amplifier portion thereof. The AC component of the out-
put from the amplifier is fed back to its input side through
a feedback element for integration of the flash light com-
ponent, while the DC component of said output is fed
back to the input side of the amplifier through another
feedback element for natural light. Thus, at the output
side of the amplifier, an output representing the quantity
of flash light is provided. At the same time, another out-
put representing the quantity of natural light, as modified
by the aforesaid setting is also delivered to the output
side of the amplifier. The two output quantities are added
to form a brightness output A, representing both the
natural light and the flash light components of the object
brightness, which is then applied to a comparator. A set-
ting output B, representing the film sensitivity or the
degree of lens aperture, is also applied to the comparator,
so as to be made reference to the brightness output A.
When the quantity of light from the object is increased
by the electronic flash, until the brightness output A coin-
cides with the setting output B, a stop signal pulse is gener-
ated at the comparator, which is then dispatched to a
switch circuit, to turn it off. Thus, the quantity of light
from the electronic flash is controlled at a desired level.
In the illustrated embodiment, the degree of lens aperture
or the sensitivity of film used is incorporated in the light
measuring portion on one side of the comparator. How-
ever, it is also possible to incorporate both the lens aper-
ture setting and the film sensitivity setting in the setting
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output B to be applied to the comparator from the op-
posite end thereof.

FIG. 11 illusrates a circuit for integrating the electronic
flash light. The voltage e, across a resistor Ry, produced by
an electric current iy from the photoelectric element P
and representing the quantity of the electronic flash light,
is given by

Cs=isR1.

A capacitor C; and a resistor R, constitute an integrator
for integrating the quantity of the electronic flash light,
which delivers the integrated value as a voltage E, across
a resistor R;.

Ey=—(1/C|Ry) fedt=—(R;/CiR3) figdt=K, i dt

(here, K1=—-‘(R1/C1R2) ).

FIG. 12 shows a circuit for computing natural light
quantity, in which the voltage e, across a resistor R;, pro-
duced by an electric current i, from the photoelectric ele-
ment and representing the natural light quantity, is given
by

eo=ioR1.

It is fed back through another resistor for natural light
feedback. Accordingly, the DC output voltage Ep is given
as follows.

Ep=Ke,/ (1-——gK;) =K,i,R1/ (1—8K;)
=i, Ra/ (1/Ky—8).

Here,

K;: voltage gain, without feedback
p: feedback ratio, B=R4/R;.

Assuming that 1/K; is negligible as compared with 8, i.e.
Bg>> 1/K;, the DC output can be given by

ED=—ioR1/B= —ioRgRl/Rf:ing/&.
Here, Kg=—R3R;.

Thus, the amplification factor of this circuit becomes
K3/R4. By setting the quantity 1/R, as the shutter speed
setting value T, one obtains

Ep=K,i,T.

FIG. 13 shows a circuit to be used for integrating and
amplifying the quantity of light, from each photographic
object, in which the circuits of FIGS, 11 and 12 are incor-
porated. A capacitor Cy is connected in parallel with the
resistor R4 is for bypassing the AC component to the
ground, so as to prevent the AC component from being
fed back., Thus, only the DC component is fed back for
synthesis. The voltage E5 across the resistor R; represents
the sum of the DC output Ep and AC output E,, which
sum can be given by

Ep=Es+Ep=K,[i;dt+Kyi,T 1)

On the other hand, the proper quantity of light at the

film surface is given by

(1/F2) ({Bdt4+B,T)=K/S
wherein,

B, represents the brightness of the photographic object,
due to the electronic flash,

B, the brightness of the same, due to natural light,

F the degree of lens aperture,

T the shutter speed,

S the film sensitivity, and

K a constant.

By rearranging,

[
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§Bdt+B, T=KF2/8 2)

If K; and K; are so chosen as to satisfy the relations of
B;=K,i; and B,=Kji,, then the equation (1) can be
equated with the equation (2).

Thus, the output voltage E, can be given by

Ey=K, [i;dt4+Kqi , T=KF%/S
By rearranging,
K,fiidt—=KF2/S—K,i, T

The last mentioned equation represents the quantity of
light to be emanated by the electronic flash,

By rearranging the equation (3),
S(Kfigdt+4Kqi, T) =KF? “4)
(K, fidt+K,i,T) /F2=K/S (5)

FIGS, 14 and 15 show circuitry embodying the present
invention. In FIG. 14, a load resistor R, is connected in
serics with the photoelectric element P to deliver an
output voltage proportional to the magnitude of the out-
put current from the photoelectric element, A field tran-
sistor Qy, resistors Ra, R;, Ry, R;, and capacitors Cy, Cq
constitute an integrator for the quantity of light. Resistors
R; and Ry act to provide the bias voltage to the field tran-
sistor Q;, under the conditions that the current flowing
through the resistors Ry and R; is sufficiently large, as
compared with the current through the field transistor
Q. A capacitor C; serves to bypass the AC component
of the output current from the photoeleciric element, so
that the AC component is not fed back. By properly select-
ing the values of resistors R;, R, and the capacitor C,,
an integral K,fi;dt can be achieved, which represents the
quantity of light from the electronic flash. The variable
resistor R, serves for setting the shutter speed, and the
output voltage KyiyT can represent the quantity of natu-
ral light if the values of resistors Ry, Ry and R, are prop-
erly selected. As a result, the voltage across the resistor
R; gives the following sum,

Ky fiydt-+KqicT

A comparator in this embodiment comprises a transis-
tor Qp, a capacitor C; and a blocking transformer T,
while the variable resistors Ry and R; are for setting the
film sensitivity and the degree of lens aperture, respec-
tively. If the resistors R; and Ry are so selected as to
represent the linear functions K/S and F2 by properly
positioning the sliders, respectively, then the output volt-
age from the resistor Rg can represent a function KF2/S
corresponding to the thus selected positions of the sliders
of the two variable resistors. A capacitor Cy is provided
for storing the output voltage KF2/S, generated at the
variable resistor Rg.

When the output voltage at the resistor R;, which is
given by (K figdt+K,iyT) increases and coincides with
the voltage across the capacitor C;, which is KF2/S, then
the comparator is blocked. Then, the output winding of
the blocking transformer T, generates a stop signal pulse,
which is delivered to a switch circuit to turn it off. Thus,
the electronic flash is deenergized, so as to attain a de-
sired quantity of light therefrom.

In the circuit of FIG. 15, the resistance of a resistor
R; in series with the photoelectric element P is made
variable in order to represent either the film sensitivity S
or the lens aperture degree F. In other words, either one
of 8 and F of the right hand side term KF2/S of the
equation (3), which is given as the voltage across the
capacitor C; in the circuit of FIG. 14, is now shifted, so
that the capacitor Cy3 of FIG. 15 will store the right-
hand side term of the equations (4) or (5), i.e. KF? or
K/S.

Table 1 shows the manner in which the shutter speed T,
film sensitivity S and the lens aperture degree F are set
according to the equations (3), (4), and (5), respectively
in the embodiment,

(3)
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FIG. 16 illustrates another circuit usable for measuring
the light, which has a pair of separate elements for de-
tecting the natural light and the electronic flash light, re-
spectively. This detecting circuit can be replaced with that
portion of the circuit of FIG. 14 or 15, which is to the
left of the chain line thereof. An element having a P-N
junction with the photoelectric effect, such as a photocell,
a solar battery cell, or a phototransistor, can be used for
each or either one of the detecting elements, so as to
prevent interference between the two detecting elements
by using a reverse bias by taking advantage of the rectify-
ing charactristics of such P-N junclion elements. At the
same time, it is made easier to achieve linear relations
between the output current and the natural light or elec-
tronic flash light.

As described in the foregoing, according to the present
invention, a light quantity integrating circuit is provided,
which is adapted to integrate the AC component of the
light quantity, i.e. the electronic flash light component
thereof, and to merely amplify the D.C. component, i.e.
the natural light component. Moreover, the amplification
factor of the integrator can be varied regardless of the inte-
grating function thereof for the AC component. With such
characteristics of the integrator, it is made possible to vary
the shutter speed in accordance with the amplification fac-
tor, so that the natural light quantity can be easily meas-
ured. The fact that the output of the integrator is the sum
of the quantities of the natural light and the electronic flash
light is particularly advantageous for the control purposes.
In this integrator, the setting of the film sensitivity and the
degree of lens aperture can be carried out by adjusting the
output from the light detecting elements. Furthermore, the
sensitivity of the light delecting elements can be easily
adjusted, because the integrating and amplifying func-
tions of the integrator are independent with each other,
even when the sensitivities of separate light detecting ele-
ments for the natural and electronic flash light are modified
separately.

FIG. 17 shows a switch circuit usable in the control de-
vice according to the present invention and FIG. 18 shows
the operating characteristics of such a switch circuit. The

turnoff section of the switch circuit includes a pair of sili-

con controlled rectifiers SCRy and SCR,. The SCR, facili-
tates the commutation of the SCR,. When a switch SW is
closed to actuate a high vollage trigger transformer T, a
high voltage pulse is delivered to an actuating electrode of
the electronic flash L, so as to start the electronic flash L
by discharging a capacitor Cy connected in parallel with
the electronic flash L. When the voltage across the capaci-
tor C, drops as it discharges, an electric current flows
through a circuit including a capacitor Cg, a diode Dy, and
a resistor R; and reaches the gate of the SCR as a positive
gate current. Thus, the SCR; is made conductive. Hence,
the electronic flash L is maintained as energized. Such
starting operation is illustrated in FIG. 18.

The turn-off-operation of the switch circuit will now be
described. Before the SCR; is turned off, a capacitor C, is
charged through resistors Rg and Rg in the polarity as
shown in FIG. 17. Another capacitor Cj is also charged
through resistors Rs, Ry, Rs, Ry A trigger delay circuit is
actuated as soon as the switch S is closed, to generate a de-

layed pulse. When this delayed pulse is applied to the gate 7
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of the SCR., to make it conductive, the capacitor Cy is dis-
charged, so that a reverse current flows through the SCR;
to turn it off. At the same time, with the SCRy made con-
ductive, the charge in the capacitor Cy is discharged
through resistors R4, Ry, and the diode Dy, to apply a
reverse bias to the SCR,. The timing of the application of
such reverse bias is determined by the capacity of the
discharge circuit of capacitor Cs and the time constant of
the resistors therein, and the reverse bias is applied to the
SCR,; even after the application of starting voltage is in-
itiated. Thus, the du/dt characteristics are improved and
the turnoff time is shortened. Accordingly, the conductive
period of the SCRgy, which is necessary to turn off the
SCR;, can be also shortened, and hence, the current carry-
ing capacity of SCR; can be small.

Behaviors of various currents and voltages during this
turnoff operation are depicted in the curves of FIG. 18.
When the commutation capacitor Cy4 is charged to the
power source voltage E, the current through the SCR, is
interrupted, and the SCRy itself is blocked. A resistor Ry is
provided to facilitate the discharge of the capacitor Ce,
while the resistor R; is to recharge the capacitor Cs in the
polarity as shown in FIG. 17, after the electronic flash L is
turned off.

As described in the foregoing, according to the present
invention, there is provided a switch circuit to be closed
upon firing of the electronic flash, which has a simpler cir-
cuit construction than that of any known switching circuit
including a trigger circuit to be triggered to make the
switch circuit conductive. With the shortened turnoff time,
the silicon controlled rectifiers to be used in this switch
circuit can be of a very inexpensive type, and hence the
switching circuit can be made at low cost.

Although the present invention has been described with
a certain degree of particularity, it is understood that the
present disclosure has been made only by way of example
and that numerous changes or modifications in the details
of construction and the combination and arrangement
of parts may be resorted to without departing from the
spirit and the scope of the invention as hereinafter
claimed.

We claim:

1. An automatic control circuit for determining the
duration of light emitted by an electronic flash unit, said
control circuit comprising photoelectric means positioned
to receive light reflected from an object illuminated by
natural light and by flash light from the electronic flash
unit, electric filter means coupled to said photoelectric
means and operative to furnish at a first output thereof a
first component representative of the refiected natural light
and at a second output thereof a second component repre-
sentative of the reflected flash light, integrating circuit
means coupled to the second output of said electric filter
means for integrating said second component, an adding
circuit coupled to said integrating circuit means and to
the first output of said electric filter means and operative
to produce an output voltage proportional to the sum of
said first component and the integration of said second
component, circuit means to provide a reference voltage
proportional to the exposure as established by the sensitiv-
ity of the film in the associated camera and the size of
the lens aperture, a comparator coupled to said adding



28,025

13
circuit and to said circuit means and operative to produce
a control signal when the difference between said output
voltage and said reference voltage reaches a predetermined
value, and a firing circuit coupled to said comparator
and to the electronic flash unit for terminating the flash
produced thereby upon reception of said control signal.

2. The automatic control circuit set forth in claim 1,
wherein said photoelectric means includes a first photo-
electric element and a second photoelectric element, and
said electric filter means includes first and second filter
portions respectively coupled to said first and second
photoelectric elements, said first filter portion being
operative to pass only said first component and said sec-
ond filter portion being operative to pass only said sec-
ond component,

3. The automatic control circuit set forth in claim 1,
wherein said photoelectric means consists of a single
photoelectric element.

4. The automatic control circuit set forth in claim 1,
wherein said firing circuit includes a capacitor coupled in
parallel with said electronic flash unit and operative to
fire said electronic flash unit by discharging therethrough,
a starting section having a silicon controlled rectifier
coupled to said capacitor and being conductive in re-
sponse to the discharge of said capacitor to close a
switchable circuit through the electronic flash unit, a
reverse bias section for applying a reverse bias to said
silicon controlled rectifier upon reapplication with a pre-
determined time delay determined by a capacity and
a resistance, and a pair of diodes preventing mutual in-
terference between said starting section and said reverse
bias section.

5. The automatic control circuit set forth in claim 1,
and further comprising an indicating means coupled to
said comparator and being operative to provide an alert-
ing signal when said output voltage exceeds said refer-
ence voltage.

6. An automatically controlled flash illuminating net-
work comprising means including a photosensitive element
for producing a control signal in response to a predeter-
mined amount of light incident on said photosensitive ele-
ment, a storage capacitor, a first semiconductor switching
device including a control electrode and two main current
carrying electrodes, a flash tube coupled in series with said
first semiconductor switching device, said series circuit
comprising said first semiconductor switching device and
said flash tube being connected in parallel to said storage
capacitor, means for firing said flash tube and applying a
closing trigger signal to the control electrode of said first
semiconductor switching device, a commutation capacitor,
means for charging said commutation capacitor, a second
semiconductor switching device including a control elec-
trode and two main current carrying electrodes, said de-
vice being actuatable to a closed condition in response to
said control signal and coupled in series with said com-
mutation capacitor across the main electrodes of said first
semiconductor switching device whereby 1o apply a re-
verse voltage between said first semiconductor switching
device main electrodes to open said first semiconductor
switching device in response to the said closing of the said
second semiconductor switching device.

7. The network of claim 6 including means for apply-
ing a reverse bias fo the control electrode of said first semi-
conductor switching device in response to the closing of
said second semiconductor switching device.

8. The network of claim 7 wherein said means for apply-
ing a reverse bias comprises a reverse biasing capacitor
and impedance means series coupled between a main elec-
trode of said second semiconductor switching device and
the control electrode of said first semiconductor switching
device.

9. The network of claim 8 wherein said impedance
means comprises resistor means.

10. The network of claim 6 wherein said means for ap-
plying a closing trigger signal to said first semiconductor
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switching device includes impedance means connected with
said flash tube and a control electrode of said first semi-
conductor switching device for causing a closing trigger
signal to be applied to said control electrode of said first
semiconductor switching device in response to the firing
of said flash tube.

11. The network of claim 10 wherein said impedance
means comprises an impedance element and a capacitor
element connected in series across said storage capacitor,
said capacitor element being connected across said flash
tube.

12, The network of claim 11 wherein said impedance
comprises at least one resistor.

13. An automatically controlled flash illuminating net-
work comprising a storage capacitor, a first semiconduc-
tor switching device including a control electrode and two
main current carrying electrodes, an electronic flash tube
connected in series with said first semiconductor switch-
ing device, said series circuit comprising said first semi-
conductor switching device and said flash tube being con-
nected in parallel to said storage capacitor, means includ-
ing a photosensitive element for producing a control signal
in response to a predetermined amount of light incident on
said photosensitive element, a second semiconductor
switching device including a control electrode and two
main current carrying electrodes actuatable to a closed
condition in response to said control signal, means includ-
ing @ commutation capacitor interconnecting correspond-
ing main electrodes of said first and second semiconductor
switching devices, means connecting said commutation
capacitor across said storage capacitor whereby the closing
of said second semiconductor switching device applies the
voltage of said commutation capacitor as a reverse voltage
across said first semiconductor switching device, means re-
sponsive to the closing of said second semiconductor
switching device for applying a reverse bias to the control
electrode of said first semiconductor switching device and
including a capacitor coupled between the control electrode
of said first semiconductor switching device and a main
electrode of said second semiconductor switching device,
means for applying a closing trigger signal to the control
electrode of said first semiconductor switching device, in-
cluding a capacitor shunting said flash tube and coupled to
the control electrode of said first semiconductor switching
device, and diode means coupled with said first semi-
conductor switching device trigger means and said means
for applying a reverse bias.

14. The network of claim 13 wherein each of said semi-
conductor switching devices is a silicon controlled recti-
fier.

15. An automaticaily controlled flash illuminating net-
work comprising means including a photosensitive element
for producing a control signal in response to a predeter-
mined amount of light incident on said photosensitive ele-
ment, a storage capacitor, a first switching device includ-
ing a control electrode and two main current carrying elec-
trodes, a flash tube coupled in series with said first switch-
ing device, said series circuit comprising said first switch-
ing device and said flash tube being connected in parallel
to said storage capacitor, means for firing said flash tube
and applying a closing trigger signal to the control elec-
trode of said first switching device, a commutation capaci-
tor, means for charging said commutation capacitor, a
second semiconductor switching device including a con-
trol electrode and two main current carrving electrodes,
said device being actuatable to a closed condition in re-
sponse to said control signal and coupled in series with said
commutation capacitor across the main electrodes of said
first switching device whereby to apply a reverse voltage
between said first switching device main electrodes to open
said first switching device in response to the said closing
of the said second switching device.

16. An gutomatically controlled flash illuminating net-
work comprising a D.C. voltage source, a switch ing device,
an electronic flash tube for producing light energy of ex-
tremely short duration, said flash tube being coupled in
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series with said switching device across said voltage source,
means for firing said flash tube and closing said switching
device, sensing means including photosensitive means for
producing an electrical signal which is a function of the
total value of the light incident on said photosensitive
means, means including a commutation capacitor con-
nected to be charged by said network, and means respon-
sive to said sensing means at a predetermined value of
said electrical signal and operable with said commutation
capacitor to apply a reverse voltage to said switching de-
vice for opening said switching device in respouse o a
predetermined amount of light incident in said photosensi-
tive means to extinguish said flash tube thereby terminat-
ing light energy from said flash tube.

17. A network as defined in claim 16 wherein the last-
named means includes a second switching device actuat-
able to a closed condition when said electrical signal is at
a predetermined value and coupled in series with said
commutation capacitor and said first switching device
whereby to apply a reverse voltage across said first switch-
ing device to open said first switching device in response
to the said closing of said second switching device.

18. A network as defined in claim 17 wherein said
D.C. voltage source includes main storage capacitor means

10

20

16

for discharging through said flash tube and said first-named
switching device.

19. A network as defined in claim 17 wherein said first
switching device includes two main electrodes, and said
second switching device and said commutation capacitor
are connected in series across the main electrodes of said
first switching device.
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