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[57] ABSTRACT 

An electrical shutter-control system to be used in a 
camera. The system includes a solenoid which responds 
to a signal for initiating shutter-closing operations. A 
signal-transmitting circuit transmits the signal to the so 
lenoid andreceives one of a plurality of timing signals 
from a timing circuit which is automatically operated 
to select a timing signal which will provide the best ex 
posure. A signal-altering circuit detects when the con 
ditions require a change in the selected timing signal 
for improving the exposure, and this signal-altering cir 
cuit measures the extent to which the selected timing 
signal should be changed and alters the timing signal 
accordingly so that the altered timing signal is transmit 
ted to the solenoid for improving the exposure. The al 
teration in the timing signal is determined in accor 
dance with a fractional interval of time between the 
time increments corresponding to the timing signals, so 
as to achieve a continuous exposure time adjustment, 
or according to non-linear ?lm characteristics to com 
pensate for the latter characteristics, or in accordance 
with both of these factors. 

16 Claims, 29 Drawing Figures 
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ELECTRICAL SHUTTER-CONTROL SYSTEMS 
FOR CAMERAS 

BACKGROUND OF THE INVENTION 

The present invention relates to cameras. 
In particular, the present invention relates to shutter 

control circuits for cameras. 

There are known exposure-time controlling circuits 
of the digital type, in that these known circuits select 
a given timing resistor. With such known shutter con 
trols an external exposure adjusting value is determined 
by the time constant which, in turn, is determined by 
a timing resistor selected in accordance with light re 
ceived from the object to be photographed. The circuit 
includes a timing capacitor which has a constant capac 
ity and which is connected in series with the timing re 
sistors. The resistances of these timing resistors are pre 
selected in such a way that they vary according to a 
multiple proportion, corresponding to the intensity of 
the light received from the object which is to be phot0— 
graphed, so that these timing resistors together with the 
timing capacitor develop exposure-time adjusting val 
ues which vary in accordance with a multiple propor 
tion. As a consequence, with this type of shutter 
control circuit it is only possible to achieve a discontin 
uous or stepping type of adjustment of exposure time. 
One of the important features of a timing resistor se 
lecting type of electric shutter control circuit resides in 
the fact that it is well-suited for cameras which utilize 
internal light-receiving systems. However, such electri 
cal shutter control circuits do not permit a continuous 
adjustment of the exposure time to be achieved so that 
they are limited to the extent that it is only possible to 
provide from such circuits certain preselected exposure 
times which vary from one to the next by given time in 
tervals. - ' 

A further problem encountered with cameras resides 
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in the characteristics of the ?lm exposed therein. Thus, ‘ 
it is well known that ?lmhas a characteristic curve 
which does not vary linearly throughout the entire 
range of light intensity in which exposures‘ are made. 
For example it is well known that at a lower range of 
light intensity the ?lm‘ characteristic is non-linear so 
that due to the nature of the ?lm itself there are inher 
ent inaccuracies when making exposures with a rela 
tively small amountof light. ‘ 
Thus, with conventional electrical shutter control 

systems the exposure time which is determined is al 
ways with respect to a limited range of light which rep 
resents only part of the entire range over which the ?lm 
is exposed. There is a degree of disagreement between 
the exposure time which is automatically determined 
and the actual optimum exposure time for the ?lm both 
at higher and lower ranges of light intensity. Thus, it is 
commonly known that the film characteristic is deter 
mined by the light-sensitive material used for the ?lm, 
and it is impossible to achieve linearity in the ?lm char 
acteristic curve at both higher and lower ranges of light 
intensity where the ?lm is likely to be over-exposed or 
under-exposed, even if the ?lm has a constant 7 ~ value. 
Thus, the proportional relationship between the light 
‘intensity and the density of the image which is formed 
in the ?lm is lost at certain ranges of light intensity. In 
addition the proportional relationship may vary de 
pending upon the developing solution which is used for 
the film as well as the developing time. 
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SUMMARY OF THE INVENTION 

It is accordingly a primary object of the present in 
vention to provide an electrical shutter-control system 
which is capable of operating circuits of the above type 
in such a way that the selected signals are altered to 
give the same effect as a continuous adjustment of ex 
posure time. 
Furthermore, it is an object of the present invention 

to provide for an electrical circuit of the above type a 
compensation which will automatically compensate for 
the non-linear characteristics of the film at certain 
ranges of light intensity. 

It is furthermore an object of the present invention to 
provide circuitry of the above type which is relatively 
simple and inexpensive and which operates very reli 
ably. 

In accordance with the invention the electrical shut 
ter control system includes an electrical means for re 
sponding to a signal for initiating shutter-closing opera 
tions. A signal-transmitting means is electrically con 
nected with the electrical means for transmitting a sig 
nal thereto. A timing circuit means is electrically con 
nected with the signal-transmitting means for deliver~ 
ing to the latter, to form at least part of the signal trans 
mitted thereby to the electrical means, one of a plural 
ity of timing signals which differ from each other by in 
crements corresponding to different time intervals. An 
electrical selecting means is electrically connected with 
the timing circuit means for selecting from the latter, 
to be delivered to the signal-transmitting means, that 
one of the plurality of timing signals which will provide 
the best exposure. An electrical operating means is 
electrically connected with the selecting means for op 
erating the latter to select this particular timing signal 
which will provide the best exposure. An electrical sig 
nal-altering means is provided for automatically detect 
ing when the photographing conditions require a 
change in the selected timing signal so as to improve 
the exposure as well as for determining the extent to 
which this selected time signal should be changed in 
order to improve the exposure. This signal-altering 
means is electrically connected with the signal 
transmitting means for altering the selected timing sig 
nal received thereby to the extent determined by the 
signal-altering means before a signal is transmitted to 
the electrical means which initiates the shutter-closing 
operations. In this way this latter electrical means will 
receive a timing signal which, if necessary, is altered to 
improve the exposure. ’ 

BRIEF DESCRIPTION OF DRAWINGS 

The invention is illustrated by way of example in the 
accompanying drawings which form part of this appli 
cation and in which: 
FIG. 1 illustrates an electrical circuit forming one 

embodiment of the invention; r 
FIG. 2 is a graph illustrating the con?guration of an 

altering signal generated with the circuitry of FIG. 1; 
FIGS. 3a-3c respectively illustrate variations of that 

part of the circuitry of FIG. 1 which generates the sig 
nal illustrated in FIG. 2; 
FIGS. 40 and 4b respectively show fragmentary cir 

cuits which explain the operation of embodiments such 
as those shown in FIGS. 3b and 30; 
FIG. 5 is a wiring diagram of a further embodiment 

of the invention; 
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FIG. 6 is a graph illustrating an altering signal gener 
ated with the circuitry of FIG. 5; . 
FIG. 7a is a wiring diagram of a further embodiment 

of circuitry according to the invention; 
FIGS. 7b and 70 respectively illustrate graphically 

signals generated with the circuitry of FIG. 7a; 
FIG. 8 is a fragmentary illustration of a different em 

bodiment of an oscillating circuit capable of being used 
in place of the oscillating circuit of FIG. 711; 

FIG. 9 is a wiring ‘diagram of ‘a further embodiment 
of a shutter-controlling circuit of the invention; 
FIG. 10 shows a variation of that part of the circuitry 

of FIG 9 which compensates for film characteristics; 
FIGS. 11 and 12 respectively illustrate graphically 

the manner in which the embodiments of FIGS. 9 and 
10 compensate for ?lm characteristics; 
FIG. 13 is a wiring diagram of a further variation of 

the circuitry of FIG. 9', 
FIG. 14 is a graph illustrating the con?guration of a 

signal generated with the circuitry of FIG. 13; 
FIG. 15 is a wiring diagram of a further embodiment 

of electrical circuitry according to theinvention; 
FIGS. l6a-l6d respectively illustrate the con?gura 

tions of different signals generated with the circuitry of 
FIG. 15; 
FIG. 17 is a wiring diagram of yet another embodi 

ment of a shutter-controlling circuit according to the 
invention; ~ , _ 

FIG. 18 is'a graph illustrating the con?guration of a 
signal generated with the circuitry of FIG. 17; and . 
FIGS. ‘19-21 respectively illustrate variations of parts 

of a signal-altering circuit of FIG. 17. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

If an electrical shutter-control device operates in 
such a way that it obtains an exposure value as deter 
mined by 

(I) 

where, c 

E = exposure value, I 
t I = energy of the light, and 
t =-exposure time given by'the shutter ‘device, 

then the appropriate exposure‘ will not be obtained in 
the lower light intensity region, because the ?lm char 
acteristic curve itself is not proportional to the light in 
tensity in such a region. Thus, no matter how the elec 
trical shuttercontrol circuitry'may operate to deter 
mine exposure time in accordance with equation (1), 
there will be an unsatisfactorily exposed ?lm both in 
the higher and in the lower light intensity regions. 

In accordance with the present invention, the expo 
sure value in‘ the lower light intensity region is ex 
pressed as ' 

E = I - 3 ~ t 

(2) 

where, c 

B = efficiency of the light sensitivity, 

0 _<p<1, 
and the light sensitivity ef?ciency of the light energy is 
compensated with the exposure time given by the shut 
ter-control circuit'so as to avoid this disadvantage. 
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Thus, when the exposure time determined by the 
shutter-control system is t at an intermediate light in 
tensity region and [/3 in the lower light intensity region, 
then the exposure time will meet the film characteris 
tics. In order to satisfy this requirement the exposure 
time given by the shutter-control system- should be in~ 
creased to some extent in the' lower light intensity re 
gion. ' ’ ' 

As is well known, a timing resistor selecting type of 
electrical shutter-control circuit adjusts the exposure 
time in a stepwise manner. With the present invention 
it is possible to provide an improved circuitry to be ac 
commodated to such an electrical shutter-control de 
vice for adjusting the exposure time continuously. In 
addition, with the circuitry of the invention there is 
provided an automatic means which will compensate 
for the exposure time in such a way as to enable the ex 
posure time to be adjusted with the'electrical shutter 
control system of the invention so as to meet the partic 
ular characteristics of the ?lm in the camera. 
For this purpose it is proposed with the present in— 

vention to make use of a timing resistor'selecting type 
of electrical shutter-control circuit provided with a tim 
ing circuit which is made up of a plurality of timing re 
sistors to be selectively inserted into the circuit depend 
ing upon the intensity of the light received from the ob 
ject to be photographed, this circuit including a timing 

‘ capacitor which is connected in series to the timing re 
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sistors and aswitching circuit which receives the ad 
justed information from the timing circuit so as to de 
tennine the adjusting values in a stepwise manner. 
Thus, the switching circuit and the capacitor form a sig 
nal-transmitting means for transmitting a signal to an 
electrical means which will initiate shutter-closing op 
erations.- A signal-altering means of the invention de 
velops a ‘control voltage to achieve altering signals the 
levels of which are determined within the minimum 
range of the adjusting value with the variation of the al 
tering signal depending upon the intensity of the light 
received from the object to be photographed, and the 
operation of the signal-transmitting means is controlled 
by these altering signals so that a continuous adjust 
ment of the exposure time is made’ possible even when 
using such a timing resistor selecting type of electrical 
shutter-control system‘.v 

It is'furthermore proposed with the invention to pro 
vide a signal-altering means where when exposures are 
made at relatively low light intensity, corrections are 
automatically carried out in such a way that the altering 
signal has an increasingly larger amplitude. toward the 
lower light intensity region in the event that photo 
graphs are made with‘ a relatively small amount of light. 
Also, in the case where the altering signal is maintained 
at a constant amplitude ‘it is possible to change the volt 
age level at which the altering signals are generated so 
as to compensate for'the ?lm characteristics. In this 
way it is possible to achieve a continuous adjustment of 
exposure ‘time with a timing resistor selecting type of 
electrical shutter-control system while at the same time 
it is also possible to adjust the exposure time in order 
to compensate for exposures made at a region of low 
light intensity. 

In the embodiment of the invention which is illus 
trated in FIG. 1, the electrical shutter-control system is 
constructed in such a way as to determine a timing sig 
nal in a stepwise manner by operation of a switching 
circuit which receives adjusting information from a 
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timing circuit made up of a plurality of‘timingr'esistors 
which are selectively inserted in the circuit depending 
upon the intensity of the light received from the object 
to be photographed. These resistors are electrically 
connected on the one hand with a timing capacitor and 
on the other hand with a transistor, the latter compo 
nents forming a signal-transmitting means. The electri 
cal shutter-control system of FIG. 1 includes a signal 
altering circuit itself made up of a composite resistor 
means which includes a plurality of separate resistor 
elements as well as a light-responsive component con 
nected in series with the composite resistor means. 
Each of the several separate resistor elements respec 
tively form pairs with each of the timing resistors and 
are supplied with current when an associated timing re 
sistor has been selected. The variation range of the ter 
minal voltage across the composite resistor means of 
the signal-altering circuit is determined by the common 
ratio of the multiple proportion preselected in associa 
tion with the resistor elements which are sequentially 
supplied with current simultaneously with the selection 
of the associated timing resistors, and the trigger volt 
age of the switching circuit which forms the signal 
transmitting means is controlled according to the volt 
age level determined by the intensity of the light re 
ceived from the object to be photographed, so that a 
continuous adjustment of the exposure time is made 
possible with a timing resistor selecting type of electri 
cal shutter-control system. - 

Thus, referring to FIG. 1, there is illustrated therein 
a wiring diagram of a timing resistor selecting type of 
electrical shutter-control system which includes a sig 
nal-altering means of the invention. There are illus 
trated in FIG. elements 1-4 which respectively form 
components of a circuit for selecting a given exposure 
time from among a plurality of different exposure times 
which differ from each other by increments corre 
sponding to different time intervals. Thus, the circuit 
includes the photosensitive means 1 which responds to 
the light received from the object to be photographed 
in a well known manner. This light-responsive compo 
nent 1 is connected in series with a bleeder resistor 2, 
and a selecting means 3 is electrically connected to a 
junction between the components 1 and 2. This electri-v 
cal selecting means 3 is thus operated by the light! 
responsive means 1, 2 and serves to select from a tim 
ing circuit 4 a timing resistor circuit which will ,corre 
spond to a given light intensity. Thus, the timing circuit 
means'4 includes a plurality of timing resistors 4a, 4b, 
and 4c adapted to condition the light from the object 
to be photographed in accordance with a multiple pro 
portion. These resistors are connected in parallel with 
each other. The several resistors 4a, 4b, and 4c, are re 
spectively connected in series with switching transistors 
4a’, 4b’, and 4c’. The bases of the latter transistors are 
all connected to the electrical selecting means 3, so 
that each of the transistors becomes conductive in re 
sponse to a timing resistor selecting signal received 
from the selecting means 3. The selected timing signal 
is transmitted to a signal-transmitting means which in 
cludes a timing capacitor 5 connected in series with the 
timing circuit means 4, so as to form therewith a struc 
ture for participating in the transmission of a suitable 
timing signal to the electrical means 7 in the form of a 
solenoid for responding to the transmitted signal in 
,order to initiate the shutter-closing operations in a well 
known manner. The signal-transmitting means includes 
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6 
in addition to the capacitor 5 a switching transistor 6 
electrically connected directly with the electromagnet 
7. 
The signal-altering means of the invention is electri 

cally connected in the embodiment of FIG. 1 with the 
transistor 6 and includes a transistor 8 which operates 
to control the trigger level of the switching transistor 6. 
The emitter terminals of the transistor 6 and 8 are both 
coupled with a trigger resistor 9. The circuitry includes 
a shutter-releasing switch 10 constructed so as to oper 
ate in synchronism with depression of a shutter button. 
The switch 10 is normally closed so as to bypass the 
timing capacitor 5. 
The signal-altering means of the embodiment of FIG. 

1 includes the signal-altering circuit 11 which develops 
the signal-altering signal to be applied by way of the 
transistor 8 to the transistor 6 so as to alter the signal 
transmitted to the electrical means 7. The signal 
altering means 11 includes the resistor-transistor com 
posite 12 connected in series with a light-responsive 
means formed by the light-sensitive component 13. The 
resistor-transistor composite 12 consists of a plurality 
of resistors 12a, 12b, and 120 connected in parallel with 
each other. These resistors are respectively connected 
in series with switching transistors 12a’, 12b’, and 12c’. 
The terminal voltage across the resistor-transistor com 
posite 12 is applied to the base of a transistor 14 of the 
signal-altering means. A resistor 15 is connected in the 
emitter circuit of transistor 14, and the signal-altering 
means includes a memory capacitor 16 capable of 
being connected in parallel with the resistor 15 by way 
of a change-over switch 17. The bases of the several 
transistors 12a’, 12b’, and 120’ are respectively con 
nected to the selecting means 3 in the same way as the 
bases of the transistors 4a’, 4b’ and 4c’, respectively, so 
that a signal selecting a given timing resistor will be si 
multaneously transmitted to the bases of a given pair of 
transistors 40' and 12a’, 4b’ and 12b’, or 40' and 120'. 
FIG. 1 illustrates a power source switch 18 as well as 

a power source 19. The signal-altering means further 
includes the normally closed contact 1711 and the nor 
mally open contact 17b of the switch 17, the common 

' terminal of which is connected to the capacitor 16 as 
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illustrated. The normally open terminal 17b of the 
switch 17 is electrically connected to the base of the 
signal-altering transistor 8. 
The embodiment of FIG. 1 illustrates a timing resis 

tor selecting type of shutter-control system in which the 
timing resistors are sequentially selected with only one 
timing resistor being selected at any given time so that 
in accordance with the light intensity one timing resis 
tor is selected, then the latter becomes unenergized and 
the next timing resistor is selected, and so on, until a se 
lection is made of a timing resistor which will corre 
spond most closely to the lighting conditions. For ex 
ample, when the timing resistor 4b is to be selected 
after the timing resistor 4a has been inserted into the 
delay circuit, the timing resistor 4a will be discon 
nected from the delay circuit upon insertion of the sub 
sequent timing resistor 4b. The same is true of the con 
nection of the timing resistor 40 after the timing resistor 
4b has been selected. These timing resistors have resist 
ances varying in accordance with a multiple propor~ 
tion. Thus, if it is assumed that the time constant of the 
timing resistor 4a and the timing capacitor 5 is set to 
correspond to an exposure time of H50 sec., then the 
time constant of the timing resistor 4b and the capaci 
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tor 5 is set to give an exposure time of U100 sec., and 
the time constant of the resistor 40 and capacitor 5 is 
set to given an exposure time of 1/200 sec. Thus, the 
resistances of the resistors 4a, 4b, and 4c are'prese 
lected so that they reduce in magnitude in a stepwise 
manner. In the illustrated embodiment the timing cir 
cuit 4 includes only three timing resistors,‘ but in prac 
tice any number of timing resistors may be ‘used so as 
to spread the adjustable range of exposure time. 
Assuming now that the switch 18 is closed prior to 

releasing the shutter, a certain photoelectrically con 
verted information corresponding to light from the ob 
ject will be applied by a divided voltage developed by 
the light-sensitive element 1' and the bleeder resistor 2 
to the selecting means 3, so that the selecting means 3 
will develop a selecting signal which will select any one 
of the resistors 4a, 4b, 4c. Assuming that the timing re 
sistor 4a is selected, then an exposure time of 1/50 sec. 
will be provided, in accordance with the above exam 
ple. It is to be noted that this exposure time will be pro 
vided even if the lighting conditions are such as to re 
quire a somewhat shorter exposure time. For example 
if it is assumed that actual lighting conditions are such 
as to require more precisely an exposure time between 
the H50 sec. provided by resistor 4a and the 11100 sec. 
provided by resistor 4b, then the circuitry will operate 
to select the resistor 4a in the event that the error is 
smaller by selection of this particular resistor. Thus, the 
circuitry operates so as to select an exposure time 
which will provide the best exposure within the limita 
tions inherent in the stepwise selection of timing signals 
which respectively correspond to increments without 
the possibility of choosing the values between these in-, 
crements. , I 

This latter factor is one of the great drawbacks of 
conventional timing resistor types of exposure-time se 
lecting circuits, .and with the present invention this 
drawback-is avoided. ' 

Thus, simultaneously with selection of the timing re 
sistor 4a, in the above example, the switching transistor 
12a’ in the signal-altering'circuit will turn on'so as to 
supply current to the timing resistor 12a as well as to 
the light-responsive means '13. As a consequence, the 
terminal voltage across thetiming resistor 12a will be 
applied to ;the base of the transistor 14 so as to render. 
the latter conductive for‘ accumulating a charge in the 
capacitor 16, this charge corresponding to the resis 
tance of the timing resistor 12a. At the instant when 
the change-over switch 17 is actuated to engage the 

' normally open contact 17b, the charge accumulated at 
the capacitor 16 will be transmitted through the transis 
tor 8 to the transistor 6 for altering the signal received 
thereby from the timing circuit means 4. Under these 
conditions, when the shutter-releasing switch 10' is 
opened by depression of the shutteréoperating button 
of the camera, the exposure-time determination circuit 
will operate, with the delay circuit consisting of the tim 
ing resistor 4a and the capacitor 5 being set into opera 
tion simultaneously with the mechanical opening of the 
shutter. In this way the subsequent closing of the shut 
ter is brought about under control of the selected time 
constant or timing signal as altered with the altering sig 
nal delivered through the transistor 8 to the transistor‘ 
6. In this way any error in the exposure time will be au 
ltomatically corrected. I 

As is apparent from the above description, the trigger 
voltage should be controlled continuously to cover and 
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meet the entire range of light sensitivity with a level 
corresponding to the gap between the timing resistors 
4a and 4b. This requires a signal-altering circuit which 
has a special construction. Thus, the timing resistors 
4a, 4b, and 4c have resistance values varying in accor 
dance with a multiple proportion, and the difference 
between the light values of the light conditioned by the 
timing resistor 4a and by the timing resistor 4b as well 
as the difference in the light values of the light condi 
tioned by the timing resistor 4b and the timing resistor 
40 will be constant and equal with each other. So long 
as the resistances of the timing resistors are determined 
in accordance with a multiple proportion irrespective 
of the number of timing resistors, such differences in 
light values'w‘ill be constant and equal and will form a 
common ratio therebetween. 
The photoelectrically converted information of the 

light from’ the object, or the light corresponding to‘the 
common ratio, will be constant. Therefore, by setting 
the resistances of the timing resistors 12a, 12b and 120 
in such amanner that the divided voltage Vrn derived 
from the photoelectrically c‘onverted information is de 
veloped at the junction point A of the signal-altering 
circuit 11, this divided voltage Vm will vary with the 
change in the internal resistance of the light-sensitive 
component 13, and the upper limit of the voltage Vm 
will be'determined within the voltage range Vm- V0 of 
the photoelectrically converted information. 
Assuming that the timing resistor 12a is selected, 

then the voltage V1 at the junction point A will be 

where, R1 is the internal voltage of the light-responsive 
component 13 when the timing resistor 12a is selected, 

r1 is the resistance of the timing resistor 12a, and 
E is the voltage of the power source 19. 
This equation shows that the voltage V, at the junc 

tion A varies with the change in the’ internal resistance 
of the light-responsive means 13. This variation may be 
plotted to form a graph as shown in FIG. 2; As is appar 
ent from the graph of FIG. 2, the voltage at the junction 
point rises along a steep slope between the internal 
resistance rl up to the resistance r2 of component 13 
until the voltage Vm is reached. In this manner the volt 

, age at the junction point A reaches Vm but never ex~ 
ceeds 'Vm, and when it does reach Vm, the timing resis 

' tor 12b (having a resistance of r2) will be selected. 
50 

55 

65 

At the instant when the timing resistor 12b is se 
lected, the voltage V2 at the junction point A will be 

where, R2 is the internal resistance of the light-sensitive 
component 13 when the timing resistor 12b is selected, 
and x ‘ Y ' I 

r2 is the resistance of the timing resistor 12b. 
Thus, the voltage Vm at the junction point A will be 

lowered rapidly to V, due to the newly inserted resist 
ances R2 and‘ r2. 

In order to satisfy the above relation, the voltages 
Vm, V1 and V2 should be set depending upon the com 
mon ratio between the resistances of the timing resis 
tors as Vm = Vl = V2.- - 

Therefore, the relation between the resistors 12a and 
12b will be expressed as 
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. T1 T2. & 
R," 

(3) 

This means that the resistance r2 of resistor 12b 
should be selected as [R2/R,] r,. 

In the same way, the resistance r3 of timing resistor 
12c should be 

"3 : (Ra/R2) r2 

(4) 

where, R3 is the internal resistance of the light sensi 
tive element 13 when the resistor 120 is selected. 
The voltage Vm determined by the common ratio of 

the resistances of the timing resistors will in turn be de 
termined by 

Accordingly, if the intensity of light from the object 
conditioned by the timing resistors 4a and 4b are a, 
L.V. and 0:2 L.V., respectively, the common ratio will 
be 

Ro12—(b+.dI)'Y_Rol 2-0417 
pom-‘153W 

(5) 

Thus, the common ratio will be constant as long as 
the time constants are set in accordance with a multiple 
proportion. From equations (3) and (4) 

By selecting the timing resistors 12a, 12b, and 120 in 
this way, the continuous adjustment of the exposure 
time corresponding to the interval or gap between any 
two‘ adjacent timing resistors will be made possible 
‘under continuous control of the trigger voltage. 

As has been pointed out above, with the circuitry of 
FIG. 1 selection is sequentially made from one timing 
resistor to the next. These circuits also can be con 
structed so as to have the timing resistors accumula 
tively selected with the circuit operating in such a way 
that after the timing resistor 4a, for example, has been 
inserted in the delay circuit, the timing resistor 4b 
which is to be inserted subsequently in the delay circuit 
will form a parallel~connected composite resistor with 
the resistor 4a, and then both of these parallel 
connected resistors are electrically connected to the 
capacitor 5. 
FIGS. 3a, 3b, and 30 represent three different forms 

of signal-altering circuits 11 to be used with a timing 
resistor type of circuit where the timing resistors are ac 
cumulatively connected into the circuit. In FIGS. 3a-3c 
the various components are designated by the same ref-_ 
erence characters as in FIG. 1. , 

In the embodiment illustrated in FIG’. 3a, the resistors 
12a, 12b, and 120 of the illustrated signal-altering 
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means'are selected accumulatively and form a compos 
ite resistor so as to determine the voltage at junction 
point A. For example, if the timing resistors 4a and 4b 
are selected, the switching transistors 12a’ and 12b’ 
will be turned on to thereby combine the resistor ele 
ments 12a and 12b in parallel for connecting them to 
the light-sensitive element 13. Therefore, the resist 
ances of the resistor elements is set in such a way that 
the voltage developed at junction point A by the com 
posite resistor consisting of the newly added resistor el 
ement 12x and the resistor element 12a becomes equal 
to the voltage V, at the junction point A of the preced 
ing embodiment. In the same way, the voltage devel 
oped at the junction point A by the composite resistor 
consisting of resistor elements 12x, 12a, and 12b is set 
equal to the voltage V2 at junction point A of FIG. 1. 
By setting the resistance of each resistor element, it be 
comes possible to develop an inclined, sawtooth volt 
age curve as illustrated in FIG. 2. 

In the embodiment illustrated in FIG. 3b, the signal 
altering means is provided, not with resistors, but in 
stead with diodes 20a, 20b, and 20x. In this case the 
number of diodes used cannot be determined accord 
ing to a de?nite rule, but the voltage at junction point 
A will theoretically form a slope as illustrated in FIG. 
2 if the number of diodes employed corresponds to the 
square of the L.V. and the diodes employed have en 
equal and constant characteristic with respect to each 
other. 
This relationship is described mathematically below: 

Referring to FIG. 40, part of the circuitry of FIG. 3b is 
illustrated. Utilizing symbols as shown in FIG. 411, V, 
will be expressed as 

VI = l m‘! 

‘ (6) 

Since i1 is nearly equal to E/R,, 

, (in the above equation it is assumed that the possible 
voltage drop developed in the diode D, by means of 1'] 
is negligible compared with V,, and that the propor 
tional ratio is unity for convenience of explanation.) 
Assuming that the resistances of timing resistors 4a, 

4b, and 4c are preselected at an interval corresponding 
to l L.V., then the voltage V, will rise up in an inclined 
slope in accordance with the equation (6) until a level 
corresponding to the increase of l L.V. is reached in 
the light from the object, and at this instant the subse~ 
quentstage timing resistor will be selected. If the inter 
nal resistance of- the light sensitive element 13 is ex 
pressed as R2, the current i, will become i2 

‘As a: result, the terminal voltage of diode D, will be 
changed from V, to 

V2 * In (E/R2) 

Assuming that the internal resistance R, of the photo 
sensitive element 13 corresponds to the rising point of 
the terminal voltage V,, the terminal voltage V2 will be 
the voltage at the point where the intensity of light from 
the object has been increased by l L.V. _ 

If the internal resistances R, and R2 are assumed to 
be ' 
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R1 = R,l 2-” 

and 

R2 =Rol 2*” + 1’ 7 , 

Vl z 1,, (E/Rm) 2" 

(7) 

V2 =1 (E/R01)2 "y '27 

(8) 

where, 
R01 z resistance of photosensitive element 13 when 

it receives no light, ' ' 

E z power source voltage, 
h z L.V. -equivalent value, and 
'y = -y -value of photosensitive element 13. Therefore 

V, > Vl 

In order to develop the repeated inclined voltage pro 
viding the sawtooth curve as shown‘ in FIG. 2, the con 
dition VI =‘ V2 is required. When a diode D2 which is 
equal to the diode D1 is added as illustrated in FIG. 4b, 
the current i2 will be divided into two currents, respec 
tively ?owing through the diodes D1, D2 which have 
equal characteristics. Each half of the divided current 
will be expressed as i2/2, so that the terminal voltage 
V’2 will be 

V'z =1 n (i2/2) =1" (IE/2R2) =l,.(E/2Ro1) 2” '2 7 

In the above equation if 'y = l 

Viz : In (E/Rol) 2‘, 

(9) 

Equation (9:) is equal to equation (7), if 'y is unity.. 
Therefore, the voltage at junction point A drops to zero 
at any time when the light value increases by l L.V. 
The. relationship according to which equations (7) and 
(9) are equal tinder such a condition that 'y = 1 will 
apply equally at a ‘given light value b and at a lightvalue 
b+l which is increased by l L.V. above 1). Thus, the ter 
minal voltage will ascend until the'light value increases 
by l L.V., then will drop abruptly to zero. This variaf 
tionv will-be repeated so that sawtooth voltage curve will 
be formed. ' 

FIG. 3c illustrates ‘an arrangement where each. 
branch has a plurality of series-connected diodes cou 
pled together for - varying the resistances of the 
branches. According to this embodiment, since the re 
s'istance of each branch can be preset at an optional 
value, it is possible also with this embodiment to de 
velop an inclined voltage at the junction point A in the 
same manner as illustrated in FIG. 3a. 

It is to be noted, therefore, that the electrical shutter 
control system of the invention while accommodating 
a'timing circuit means 4 having timing resistors which 
are used accumulatively can also provide a continuous 
adjustment of the exposure time within any interval'be 
tween any two adjacent-timing resistances as a result of 
the signal-altering means '11 as illustrated in FIGS. 
3a-3c. I . - - 

Thus, according to the above ‘embodiments a photo 
sensitive element and a composite resistor means con 
sisting of a plurality of resistors or .diodes associated 
with each branch are connected in series so that the 
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terminal voltage of the composite resistor means al 
ways corresponds to the trigger control voltage for ad 
justing the exposure time within the interval between 
any two adjacent timing resistors. Therefore, even if 
the intensity of light from the object has a value within 
the interval between the light values corresponding to 
the timing resistors and a subsequent timing resistor, 
the trigger voltage can be controlled continuously in 
accordance with the added portion of light intensity 
which is required and which cannot be covered by the 
?rst timing resistor. In this way an accurate and contin» 
uous adjustment of the exposure time may be made by 
using the time constant determined by the selected tim 
ing resistor and the capacitor of the signal-transmitting 
means, and then by altering the signal with the signal 
altering means of the invention to achieve a controlled 
trigger voltage. In this way a timing resistor selecting 
type of electrical shutter-control system can be oper 
ated to provide a continuous adjustment of the expo 
sure time. 

In the above embodiments, electromagnetic relays or 
the like may be used instead of the switching transistors 
4a’, 4b’, and 4c’ in the timing circuit means 4 as well 
as instead of the switching transistors 12a’, 12b’, and 
120' in the signal-altering means 11. In addition, any 
desired number of timing resistors and resistor ele 
ments or diodes may be employed in the timing circuit 
means 4 and the signal-altering means 11. 
FIG. 5 illustrates another embodiment of a shutter 

control system of the invention. This embodiment is 
also capable of altering the timing signal so as to 
achieve a continuous exposure time control rather than 
a stepwise control. In addition, with the embodiment of 
FIG. 5 it is possible to alter the signal so as to compen 
sate for the ?lm characteristic in a range of low light in 
tensity. The illustrated system is constructed so as to 
determine the exposure time in a‘ stepwise ‘manner by 

' operation of the conventional timing circuit which has 
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the plurality~ of timing resistors to be selectively in 
serted into the circuit depending upon the light inten 
sity received from the object to be photographed, the 
inserted resistor or resistors being electrically con 
nected with a signal-transmitting means which includes 
a timing capacitor connected in series to the timing re 
sistors. The shutter-control system of the invention in 
cludes a ‘signal-altering means which in the embodi 
ment of FIG. 5 also is made up of a composite resistor 
assembly including'a plurality of separate resistor ele 
ments-and these elements are electrically connected 
with a photosensitive element connected in series with 
the composite resistor assembly. Each of the plurality 
of‘ separate resistor elements forms a pair with a corre 
sponding timing resistor and is supplied with current 
when the associated timing resistor has been selected 
by the selecting means. The variation range of the ter 
minal voltage across the composite resistor means is 
determined according to a common ratio of the multi 
ple proportion preselected in association with the resis 
tor elements which are sequentially supplied with cur 
rent simultaneously with the selection of the associated 
timing resistors. The voltage level determined in accor 
dance with the light received from the object is raised 
in a lower light intensity region so that it corresponds 
with the characteristic curve of the film, and this latter 
rise in the voltage is provided by the signal-altering 
means of the invention which alters in a corresponding 
manner the signal transmitted to the solenoid which 
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forms the means which responds to initiate the shutter 
closing operations, so that in this way with the embodi 
ment of FIG. 5 the exposure time is increased when 
photographing under low light intensity conditions. 
Referring now to FIG. 5, the electrical system illus 

trated therein is a timing resistor selecting type of elec 
trical shutter-control system which accommodates an 
automatic means in order to compensate for the step 
wise selection of exposure time. In the wiring diagram 
of FIG. 5 there are illustrated a photosensitive means 
21 which senses the light from the object to be photo 
graphed, this photosensitive means 21 being connected 
in series with a bleeder resistor 22 so as to form there 
with an electrical operating means which is electrically 
connected with the electrical selecting means 23 which 
selects a given timing signal from the timing circuit 
means 24 of FIG. 5. The timing circuit means 24 in 
cludes the plurality of timing resistors 24a, 24b, 24c, 
24d, and 24e, connected in parallel with each other and 
adapted to condition the light from the object in accor 
dance with a multiple proportion. The several timing 
resistors are respectively connected electrically with 
the switching transistors 24a’, 24b’, 24c’, 24d’, and 
242' which are electrically connected to the electrical 
selecting means 23 so that each of the switching transis 
tors turns on in response to a selecting signal intermit 
tently developed at the circuit of the selecting means 
23. The signal-transmitting means to which a timing 
signal is delivered from the timing circuit means 24 in 
cludes the capacitor 25 and the transistor 26. Thus, the 
circuit means 24 is connected in serieswith the capaci 
tor 25. The switching transistors 26 of the signal 
transmitting means is arranged so as to become con 
ductive in response to the time constant determined by 
the selected timing resistor and capacitor 25 so that in 
this way a signal will be transmitted to the solenoid 27 
which is inserted in the collector circuit of the switch 
ing transistor 26 and which forms the electrical means 
for responding to the transmitted signal in order to ini 
tiate the shutter-closing operations. A shutter release 
switch 30 is operated in synchronism' with depression 
of the-shutter button. The switch 30 is normally closed 
and bypasses the capacitor 25. 
The embodiment of FIG. 5 is 'provided with'a signal 

alteri'ng means 31 for developing a control voltage, the 
altering circuit 31 including a plurality of resistors 32a, 
32b, 32c, 32d and 32e which are connected in-parallel 
with each other. The several resistors 32a-32c are re 
spectively connected in series with the switching tran 
sistors 32a’, 32b’, 32c’, 32d’, and 32e' in order to form 
a resistor-transistor combination, to which in turn there 
are connected in series the photosensitive element 33 
and a transistor 34 to receive the terminal voltage of 
the resistor-transistor combination ‘32 at the base 
thereof. A resistor 35 is coupled to the emitter of tran 
sistor 34, and a memory capacitor 36 is connected in 
parallel with the resistor 35 when the switch 37 is in its 
normal position shown in FIG. 5 engaging the switch 
contact 37a. The bases of the several transistors 
32a’—32e' are coupled with the selecting means 23 in 
the same way as the bases of the transistors 24a'—24e’, 
respectively, so that the selection signals are. transmit~ 
ted simultaneously to a pair of base terminals of a pair 
of associated transistors 24a‘ and 32a’, 24b’ and 32b’, 
24c’ and ‘32c, 24d’ and 32d’, or 24c’ and 32e', these 
selection signals being transmitted at equal and cons 
tant intervals. I - 
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FIG. 5 also illustrates the power source ‘switch 38 and 

the power source 39. The switch 37 has a normally 
open contact 37b which can be closed when the switch 
37 is changed over from contact 37a to contact 37b. 
This contact 37b is electrically connected to the base 
of transistor 28 of the signal-altering means, so that 
through the latter the signal received by the transistor 
26 from the timing circuit means 24 is altered as re 
quired before being transmitted to the electrical means 
27. 
The embodiment illustrated in FIG. 5 has a timing 

circuit means 24 in which the resistors are sequentially 
selected so that speci?c timing resistors are selected 
separately one from the other in order to provide the 
exposure time selected by the selecting means 23. 
Thus, if the timing resistor 24b is to be selected after 
the timing resistor 24a has been inserted into the delay 
circuit, this timing resistor 24a will be disconnected 
from the delay circuit simultaneously with the connect 
ing of the resistor 24b into the circuit. The same is true 
in connection with any pair of successive timing resis 
tors 24b and 24c, or 24d and 24s. The resistances of the 
timing resistors 24a, 24b, 24c, 24d, and 24e are prese 
lected in accordance with a multiple proportion. 
Therefore, if the time constant of the timing resistor 
24a and the capacitor 25 is set to correspond to an ex 
posure time of one-eighth sec., the time constant deter 
mined by the timing resistor 24b and capacitor 25 will 
give an exposure time of one-?fteenth sec., and the tim 
ing resistor 24c, 24d, and 242 will respectively provide 
exposure times of one-thirtieth sec., one-sixtieth sec., 
and one one hundred twenty-?fth sec. In the illustrated 
embodiment the timing circuit means 24 includes for 
purposes of illustration only ?ve timing resistors, but in 
a practical device any number of timing resistors may 
be employed to provide a wider range of adjustment of 
the exposure time. 
Thus, it will be understood that the embodiment of 

FIG. 5 is similar to that of FIG. 1 and permits a continu 
ous adjustment of exposure time to be achieved be 
cause of the altering of the signal from the timing cir 
'cuit means 24 by way of the altering signal received 
through thetransistor 28 from the signal altering means 
31 which includes the transistor 28. Thus, the continu 
ous control of exposure time is achieved with a saw 
tooth shaped voltage curve as described above in con 
nection with FIG. 2. 
However, in the embodiment of FIG.‘ 5 the resistors 

32a and 32b, which are supplied with current in a lower 
light intensity region, have their resistance values set in 
such a way that they develop an inclined voltage as de 
scribed above but with a change as illustrated in FIG. 
6 and as described below. 7 

In this way it will be possible for the signal-altering 
means of FIG. 5 not only to achieve a continuous expo 
sure time adjustment but also to compensate for the 
?lm characteristic which is non-linear in the low light 
intensity region. ' ‘' 
Thus, with the embodiment of FIG. 5 the values of 

the resistances of resistors 32a and 32b are set in accor 
dance with the non-linear portion of the ?lm character 
istic curve (i.e. the lower light intensity region). Thus, 
when it is determined that the resistor elements 32a 
and 32b are to be supplied with current, the inclined 
voltages will have higher upper limit values, as indi 
cated at a and b in FIG. 6. In other words, with the em 
bodiment of FIG. 5 the construction is such that the sig 
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vnal transmitted by the signal-transmitting means 25, 26 
to the electrical means 27 is altered by the 'signal 
altering means 31 so that vthe trigger voltage is in 
creased in the non-linear portion where there is a lower 
intensity of light received from the object to be photo 
graphed, so that in this way it is possible to extend the 
exposure time when making an exposure with a rela 
tively low light intensity. ' ' 
Thus, with the above structure a timing resistor se 

lecting type of electrical shutter-control system is pro 
vided in order to insure that the exposure time is con 
sistent with the ?lm characteristic even in a lower light 
intensity region so that unsatisfactorily exposed nega 
tives will be avoided, so as to overcome this latter prob 
lem which has been considered inevitable when making 
photographs under conditions of low light intensity. 
The automatic means for compensating the exposure 

time according to the present invention provides the 
same photographing conditions in the lower light inten 
sity’ region as in the higher light intensity region. ‘With 
the provision of such an automatic means, the electri 
cal shutter-control system of the invention operates ad 
vantageously when making photographs in theatres or 
the like, where the available light is’ at a low range of 
intensity and where ?ash photography is prohibited. In 
addition, the automatic exposure time compensating‘ 
circuitry of the invention can be incorporated into a 
continuous exposure time adjusting circuit arrange 
ment having a timing resistor selecting type of electri 
cal shutter-control device as pointed out above. This is 
advantageous in that automatic exposure time compen 
sating means can be constructed relatively simply and 
can be accommodated in a camera housing which of 
fers only a limited amount of space. - , 

In the lower light intensity region the embodiment of 
FIG. Swill provide the extended exposure ‘time in ac 
cordance with the light intensity. However, when the 
embodiment of FIG. 5 is used to control exposure time 
in an inexpensive camera, this embodiment may be 
constructed in such a manner that it provides an ex 
tended exposure time in a lower light intensity region 
below the predetermined low light intensity value. 
By ‘selecting the resistances of the resistor elements 

which are to be ‘supplied with current in the higher light 
intensity region in such a way that they follow the non; 
linearity of the film characteristic at the higher inten 
sity region, it is possible also to construct the automatic 
means so that it will compensate the exposure time in 
the higher light intensity region in accordance with the 
teachings of the present invention. 
FIGS. 7a and 8 respectively illustrate different em 

bodiments of an electrical signal-altering means ac 
cording to the invention. In each of these embodiments 
there is an oscillation circuit which forms the electrical 
operating means to operate the electrical selecting 
means which selects the timing signals from the timing 
circuit means. The oscillating circuits of theseembodi 
ments deliver operating pulses to the selecting means. 
The signal-altering means is electrically connected to 
the oscillating circuit in order to develop the sawtooth 
shaped curves varying within the range corresponding 
to the variation in the exposure time values, with ‘each 
of these exposure time values being determined'ac 
cording to the selection of a timing resistor. The pulses 
which operate the selecting means are generated at the 
same frequency as the sawtooth signals. The signal 

- altering means of this embodiment has a memory ca 
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pacitor which is charged and discharged each time a 
sawtooth signal changes. These embodiments include a 
time determining circuit in the form of a light 
responsive circuit means electrically connected with 
the operating means for determining the duration of 
operation thereof. This light-responsive ‘circuit means 
is also connected with the signal-altering means so as 
to actuate’ the latter to transmit to the signal 
transmitting means any quantities stored at the memory 
capacitor of the signal-altering means when the opera 
tion of the operating means is terminated. The light 
responsive circuit means which determines the dura 
tion of operation receives light from the object to be 
photographed and uses this information to provide 
equal and constant intervals corresponding to the pe 
riod of the sawtooth signals and the pulse signals. 
Under the operation of this light-responsive circuit the 
memory means has its operation stopped so as to trans 
fer the memorized electrical quantity to the signal 
transmitting means to form the altering signal. Thus, 
with these operations the oscillation which provides the 
pulses is interrupted and the number of timing resistors 
to‘ be selected is determined by the number of pulses 
which are developed, so that an exposure time adjust 
ing value is obtained which corresponds to the prese 
lected interval between the timing resistors of the tim 
ing circuit means. In this manner the trigger section of 
the switching circuit can be controlled depending upon 
the actual light intensity within the interval between the 
timing resistors, so that a continuous adjustment of ex 
posure time is achieved in proportion to the intensity 
of light received from the object which is to be photo 
graphed. ' '_ , 

Referring to FIG. 7a, the electrical selecting means 
41 and the timing circuit means 42 are electrically con 
nected to each other in a manner similar to the above 
described embodiments. The timing circuit means 42 is 
made up of the plurality of timing resistors 42a, 42b, 
and 420 which are connected in parallel with each 
other. These resistors are respectively connected in se 
ries with the switching transistors 42a’, 42b’ and 420' 
which respectively turn‘on when receiving at the bases 
thereof a selecting signal from‘ the electrical selecting 

. means 41 so as to thereby supply current to the se 
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lected timing resistor 42a, 42b, or 420. The selected 
timing resistor will, by its series connection with the 
capacitor 43 of the signal-transmitting means, form a 
timing circuit- - 
‘TTHE timingr'esistors'42if42bfand 42care arranged 
in either of two different ways. In one arrangement they 
are sequentially selected one after the other, while in 
the second. arrangement they are accumulatively se 
lected so as to be connected in parallel into a single 
composite ‘resistor. The switching transistor 44 forms 
with the capacitor 43 thesignal-transmitting means of 
this embodiment and is'__arranged so that it receives at 
its base the terminal voltage across the capacitor 43. 
The collector terminal of the transistor 44 is electri 
cally connected to the electrical means formed by the 
solenoid 45 for initiating the shutter-closing operations 
in response to the ‘signal received from the signal 
transmitting means. A normally closed shutter releas 
ing switch=46 serves to ‘bypass the capacitor 43, this 
switch 46 being opened 'upon depression of the shutter 
releasing button of the camera. 7 
The above-described structure of FIG. 7a operates in 

the manner described above in connection with the 
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above embodiments. This embodiment of FIG. 7a 
includes the electrical operating means 47 in the form 
of an oscillating circuit which is electrically connected 
to the selecting means 41 to operate the latter with op 
erating pulses, and this embodiment also includes the 
light-responsive circuit means 48 for determining the 
duration of operation. 
The oscillating circuit 47 includes a timing circuit 

made up of a variable resistor 49 and a capacitor 50 
which are connected in series to a power source 51. 
This circuit includes a unijunction transistor 52 having 
its emitter electrically connected to a junction between 
the resistor 49 and capacitor 50. 
The signal-altering means includes an amplifying 

transistor 53 having its base electrically connected to 
the junction between the variable resistor 49 and ca 
pacitor 50. In addition the signal-altering means in 
cludes the memory capacitor 54 connected electrically 
to the output terminal b of the amplifying transistor 53. 
The output terminal or ?rst base a of UJT 52 is electri 
cally connected to the electrical selecting means 41 for 
transmitting thereto the operating pulses developed at 
the terminal or junction a, and in response to these op 
erating pulses the selecting means 41 will operate to se 
lect an appropriate timing resistor 42a, 42b, or 420 
depending upon the received operating pulses. The 
memory capacitor 54 which is connected to the output 
terminal b of the amplifying transistor 53 is electrically 
connected to the common terminal 55c of a change 
over switch 55 so that it normally is electrically con 
nected to the terminal b through the normally closed 
switch contact 55a. The switch 55 includes a normally 
open contact 55b which is electrically connected to the 
base of transistor 56 of the signal-altering means so as 
to provide the altering signal to be combined with the 
signal from the timing circuit means 42 in order to pro 
vide ‘the signal which is transmitted to the electrical 
means 45. Thus, the trigger level of the switching tran 
sistor 44 is controlled depending upon the electrical 
quantity stored in the memory capacitor 54. On the 
other hand, a trigger resistor 57 is electrically con 
nected to the emitter terminals of the transistors 44 and 
56 so that these transistors will cooperate electrically 
with each ‘other. ' ' 

It is to be noted that the oscillating frequency of the 
oscillating circuit 47 need not be set at a ?xed value but 
may be set at any optional value as long as it maintains 
a constant relation with the light received from the ob 
ject to be photographed. Thus, the logarithmically ‘con 
verted information of the light received from the object 
is to be conditioned at the same period as those of the 
oscillation pulses which continue to be generated-at 
equal and constant intervals. As long as this condition 
is satisfied the oscillation frequency may be determined 
in such a way, for example, that the period of 1 sec. 
corresponds, for example, to 1 L.V. ’ 
The intensity of the light received from the object to 

be photographed can be conditioned at equal and cons 
tant intervals by converting it logarithmically. In order 
to further convert the logarithmically converted infor 
.mation into time-limiting information, the light 
responsive circuit 48 is provided, this circuit 48 includ 
ing a buffer transistor 60 connected at its base to a 
junction between the series-connected photosensitive 
element 58 and logarithmic conversion diode 59. A 
transistor 62 is connected through a variable resistor 61 
to the emitter of the buffer transistor 61). A transistor 
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63 has its internal resistance adjusted under the control 
of the transistor 62. A timing capacitor 64 is electri 
cally connected to the collector of the transistor 63. 
The transistor 63 forms a timing circuit together with 
the capacitor 64. A switching transistor 65 is arranged 
in such a way that it operates under the action of the 
timing circuit. In the collector circuit of the switching 
transistor 65 are inserted relay coils 66 and 67. The 
relay coil 67 is positioned so as to actuate the change 
over switch 55 while the relay coil 66 serves to open the 
normally closed switch 66a which is connected to the 
terminal a of UJT 52 and to the selecting means 41. A 
power source switch 68 is provided so as to close dur— 
ing an initial increment of movement of the shutter 
releasing plunger of the camera. 
With the embodiment of FIG. 7a, when the power 

source switch 68 is closed prior to actual release of the 
shutter, the oscillating circuit 47 starts oscillating in ac 
cordance with the time constant of the variable resistor 
49 and the capacitor 50. At this time UJT 52 oscillates 
at a preset constant frequency irrespective of the light 
received from the object to be photographed. As a con 
sequence a series of operating pulses with a relatively 
small pulse width will appear at the terminal a of UJT 
52 as a result of the characteristics thereof. Therefore, 
the selecting means 41 will be operated in response to 
these pulses so as to select timing resistors 42a, 42b, 
and 42c in the manner illustrated in FIG. 7b where the 
pulses are graphically shown. 7 

Assuming now for purposes of explanation that the 
oscillating period of UJT 52 is set so as to be 1 sec., the 
signals appearing at the output terminal b will have the 
sawtooth con?guration illustrated in FIG. 70 and hav 
ing a period of 1 sec. The shape of the signal is deter 
mined by the emitter voltage of UJT 52. 
On the other hand, inasmuch as the internal resis 

tance of the light-responsive circuit 48 drops in re 
sponse to the light received by the photosensitive ele 
ment 58, the diode 59 will develop a logarithmically 
converted signal in accordance with the light from the 
object. Upon receipt of this signal all of the transistors 
60, 62, and 63 will become conductive and will there 
fore supply current to the timing circuit formed by the 
transistor 63 and capacitor 64. As the internal resis 
tance of transistor 63 varies in accordance with the log 
arithmically converted signal, which can be condi 
tioned at an equal and constant interval, a transistor 65 
which is rendered operative depending upon the time 
constant of the timing circuit will be turned on in ac 
cordance with the logarithmically converted signal. 
Therefore, by equalizing the value for conditioning the 
logarithmically converted signal at an equal and cons 
tant interval with the oscillation frequency of the oscil 
lating circuit 47, the oscillating operation of the oscil 
lating circuit 47 may be terminated in response to the 
light receivedfrom the object to be photographed. As 
suming now that the transistor 65 is preset so as to turn 
on in 1 sec. at 1 L.V., in 2 sec. at 2 L.V., and so on, if 
the intensity of the light received from the object corre~ 
sponds to 4 L.V., the transistor 65 will be rendered 
conductive in 4 sec. to thereby convert the light from 
the object into a time signal conditioned at an equal 
and constant interval. Accordingly, the opening of the 
switch 66a in the oscillating circuit 47 will be accompa 
nied by the changeover of the switch 55 and thus the 
contact 55a will open while the contact 55b will close. 
In this case, assuming that the oscillating circuit 47 os 






















