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[57] ABSTRACT 
A system and related apparatus for controlling an ex 
posure mechanism or shutter of a variety which is 
driven by a stepper motor. The output of a pulse gen 
erator is utilized at a subfrequency thereof to develop 
a clock pulse train. This pulse train serves, inter-alia, 
to drive the stepper motor in synchronism with the on 
going evaluation of a scene which is provided by an 
analog-type light evaluating circuit. Synchronism is 
derived between the clock pulse train and output of 
this light evaluating circuit. For instance, interaction 
between clock pulses of the system and the exposure 
evaluating signal for shutter blade reversal is carried 
out through the use of a detecting arrangement in 
which the evaluating signal is synchronized with a 
multiple of the clock frequency. The resulting reposi 
tioning of the clock pulse train in time derives desir 
ably higher resolution of aperture control within the 
system. The control system further features bistable 
arrangements responsive to the mechanical actuation 
of switches or the like which develop a stable output 
informational signal which is immune from switch 
bounce characteristics and the like. 

23 Claims, 9 Drawing Figures 
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EXPOSURE CONTROL SYSTEM FOR 
PHOTOGRAPHIC APPARATUS 

This is a continuation of application Ser. No. 
362,664, ?led May 22, 1973, now abandoned. 

BACKGROUND 
Conventional shutter mechanisms are designed to 

utilize the advantageous characteristics of springs to 
derive both the opening and closing movement of shut 
ter blades or the like. Such springs provide both desir 
able consistency of dynamic performance as well as rel— 
atively high output force in consequence of their corre— 
spondingly high stored energy characteristics. To oper 
ate the shutters, power is required and, in most applica 
tions, that power is delivered to the springs by an en 
ergy storing cocking procedure through a hand-driven 
device. Such devices may be present as a crank lever 
or a strong mechanical linkage connecting a ?lm wind 
lever with the shutter mechanism. The mechanisms of 
such cameras are relatively simple inasmuch as the me 
chanical paths transferring forces are relatively short. 
Should the shutter use electronic exposure controls, 
such controls need only perform a function latching 
cocked elements, a function requiring relatively low 
power levels. ' 

As the photographic industry sought to design minia 
ture or compact, but fully automated cameras, a need 
was developed for a shutter device which would remain 
accurate while operating without the energy otherwise 
supplied from a hand-loaded spring-driven system. The 
energy to be supplied to such cameras would be de 
rived from a battery and this battery necessarily is of 
very limited capacity in consequence of the space limi 
tations of a compact camera. The design ofa low power 
level demand shutter becomes even more complex 
where the camera is called upon not only to automati 
cally regulate an interval of exposure, but to provide a 
programmed automatic dual parameter (exposure in 
terval and aperture) control while functioning within 
the complex photographic cycle required of an auto 
matic single lens re?ex form of camera which serves 
the additional function of providing a self-processing 
feature following each exposure. The drive or motive 
power available for the shutter must be generated from 
an electromagnetically actuated device such as tractive 
electromagnet or the like, usually operating in conjunc 
tion with relatively weak springs. Further, inasmuch as 
re?ex mode conversion is automated, some form of 
motive means is required to cause the automatic cam 
era to carry out optical mode changes and additionally, 
to drive an automatic ?lm processing station. As a con 
sequence, in the course of a single photographic cycle, 
a current consumption or energy consumption pro?le 
may be developed which represents a critical power 
consuming characteristic. Where analog forms of elec 
tronic control systems are utilized in conjunction with 
such power consumption pro?les, their sensitivity may 
be adversely effected. For instance, requisite trigger 
threshold buildups providing needed delays and the 
like may be difficult to realize where vagaries in battery 
output levels are witnessed. 

One such compact but fully automated photographic 
camera incorporating both a single lens re?ex opera 
tional cycle as well as automatic ?lm processing, is de 
scribed in US. Pat. No. 3,714,874. A photographic 
cycle of this camera requires that its shutter remain 
normally open, de?ning full aperture width for pur 
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2 
poses of viewing and focusing. With the commence 
ment of a photographic cycle, the shutter is required to 
fully close and remain closed while the optical path 
thereof converts to an exposure mode orientation. Fol 
lowing such conversion, the shutter is required to carry 
out a two parameter exposure regulation, following 
which the shutter remains closed as the components 
thereof are automatically driven to alter the optical 
path to its initial viewing-focusing mode orientation. 
While this optical path conversion is carried out, a pro 
cessing station is motor driven to both remove and pro 
cess an exposed ?lm unit. When optical path conver 
sion as well as processing is completed, the shutter is 
called upon to reassume its fully open condition exhib 
iting maximum aperture width and then to automati— 
cally turn off to conserve battery power. 
Inasmuch as the above-described automatic camera 

necessarily utilizes a series of electro-mechanical inter 
faces between moving components and its control cir 
cuitry, its control circuit should be immune from the 
mechanical inconsistencies normally realized with typi 
cal switching operations. Such immunity would permit 
the cycle of the camera to progress from one opera 
tional event to another without the disruptive electrical 
noise effects encountered with such phenomena as 
“switch bounce”, i.e., multiple closures of the contacts 
of a mechanical switch resulting from its actuation dur 
ing a cycle. Such effects are particularly damaging 
where they are incurred during the light evaluating 
phase or exposure phase of operation of an automatic 
photographic cycle. 

SUMMARY 

The present invention is addressed to a photographic 
system and apparatus incorporating a pulse logic con 
trol system operating in conjunction with a stepper 
motor driven shutter or exposure mechanism. Through 
the use of this pulse logic control in concert with a step 
form of shutter drive, resultant camera control elec 
tronics are available which permit an enhanced conser 
vation of the demands made upon a self-contained 
electrical power supply. The control circuitry is more 
immune to electrical noise and the like and is less sensi 
tive to variations in power supply output as often may 
be experienced in the course of normal camera usage. 
The invention further features a more discrete con 

trol over the operational events constituting both the 
exposure cycle and full operational cycle of an auto 
matic camera. For instance, the variably timed events 
constituting an interval of exposure regulation are con 
trolled in conjunction with principal clock pulse fre 
quencies. As a consequence, more precise aperture val 
ues are de?ned and it follows that the anticipation fea 
ture required with a dual directional shutter system of 
a variety deriving dual exposure parameter control is 
more accurately established. As an example, in one 
preferred arrangement of the instant inventive system, 
an anticipatory delay of the consistently de?nable in 
terval of one predetermined pulse width is provided. 
As another aspect and object of the invention, an ex 

posure control system of a variety utilizing a stepper 
motor driven from a train of energizing pulses is ar 
ranged to incorporate a monitor arrangement which 
responds to the introduction of a given number of these 
pulses to the motor which corresponds with exposure 
mechanism or shutter blade movement from one termi 
nal position to another. When the monitor arrangement 
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counts this number of pulses required for terminal 
movement, a phase control operates to interrupt motor 
energization, thereby rendering the motor de-energized 
at a “hold” event during a photographic cycle. This 
hold event may occur at such time as a maximum aper 
ture width is defined or when a camera optical path is 
fully blocked to permit the carrying out of other opera 
tional cycle events such as optical path conversion or 
?lm unit processing. Since the shutter drive motor is 
inactivated, the energy demand pro?le for a cycle of 
the automatic control is suppressed to provide a de 
sired energy conservation. 
Another feature of the invention provides a phase 

control arrangement for energizing a stepper motor 
driven exposure mechanism which is operative in the 
presence of the shutter opening directional signal and 
an initial energizing or clock pulse train to energize the 
motor to move the exposure mechanism toward an 
open or terminal position. This phase control arrange 
‘ment is further operative in response to a reversing di 
rectional signal in the presence of a scene evaluating 
signal as well as to a subsequent energizing or clock 
pulse train to actuate the motor to move the exposure 
mechanism into its closed or initial terminal position. 
Should an exposure interval requiring an interval tim 
ing extending beyond the attainment of a maximum ap 
erture width be required, the phase control arrange 
ment is operative to interrupt the energizing clock 
pulse train when the exposure mechanism reaches an 
orientation representing a terminal aperture position. 
However, the energizing pulse train is introduced sub 
sequently in the presence of an exposure evaluating sig 
nal to re-energize the motor to move in a reverse direc 
tion. 
Another object and feature of the invention is to pro 

vide a digital technique for detecting the presence of an 
exposure evaluating signal at a point in time intermedi 
ate the commencement and end of a clock pulse signal. 
Such a feature is provided through a coincidence ar 
rangement in which the output of an exposure evaluat 
ing network is sampled at a frequency higher than the 
clock frequency of the system. Preferably, this sam 
pling frequency is selected as a multiple of the clock 
frequency. As a consequence, highly accurate aperture 
definition is provided by the system. Through appropri 
ate gating, the energizing clock pulses utilized in termi 
nating an exposure interval are readjusted in time to ac 
commodate for this vernier detecting or sampling fea 
ture of the digital control network. In a preferred ar 
rangement, a basic output pulse generator serves to es— 
tablish the noted multiple frequency and the energizing 
pulse train or clock frequencies are derived through a 
divider network arrangement selectively activated dur 
ing an exposure cycle in response to the noted detec 
tion. I 

Another feature and object of the invention provides 
a photographic control system wherein digital logic is 
utilized to overcome the ambiguities which may be 
present in consequence of the mechanical actuation of 
switches within the system. In particular, a bistable 
multivibrator arrangement responsive to switch actua 
tion is utilized to generate a stable output actuating sig 
nal such that any logic information represented by such 
switch actuation is accepted by the digital circuit in iso 
lation from extraneous switch actuations which might 
occur in consequence of bounce characteristics or the 

like. 

20 

25 

35 

45 

55 

60 

4 
Another object of the invention is to provide me 

chanical switch synchronization within the system 
through the use of a ?rst bistable multivibrator arrange 
ment having an input responsive to initial mechanical 
actuation of a switch. This ?rst multivibrator arrange 
ment has a unique stable output condition which serves 
as an actuating signal for introduction into the digital 
control logic of the circuit. A second bistable multivi 
brator arrangement responsive to the earlier unique 
stable output actuating signal as well as to the earlier 
described clock pulse train serves to introduce the ac’ 
tuating signal to the circuit in synchronism with the 
clock pulse train. As a consequence, highly predictable 
performance and accuracy are achieved within the sys 
tem. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 
The invention accordingly comprises the apparatus 

and system possessing the construction, combination of 
elements and arrangement of parts which are exempli 
?ed by the following detailed disclosure. 
For a fuller understanding of the nature and objects 

of the invention, reference should be had to the follow 
ing detailed description taken in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front sectional view of an exposure control 
mechanism of a photographic camera which may uti 
lize the system and apparatus of the instant invention; 
FIG. 2 is another view of the exposure housing of 

FIG. 1 showing the components thereof as they are ori 
ented during a different portion of a photographic cy 
cle; 

FIG. 3 is a partial side sectional view of the exposure 
housing of FIG. 1; 

FIG. 4 is a schematic diagram of a control logic cir 
cuit for use with the exposure mechanism of FIG. 1; 
FIG. 5 is a pulse diagram illustrating the pulse digital 

logic of the circuit of FIG. 4; 
FIG. 6 is a ?ow chart elaborating upon the opera 

tional logic of the circuit of FIG. 4 as it operates in the 
exposure phase of a photographic cycle; 
FIGS. 7, 7A provide an operational logic chart show 

ing the operation of the circuit of FIG. 4 as it performs 
in conjunction with the full photographic cycle of a 
fully automated single lens re?ex camera utilizing the 
exposure mechanism of FIG. 1; and 
FIG. 8 is an energization state diagram illustrating 

features of the cycle described in FIG. 7. 

DETAILED DESCRIPTION 

Referring to FIG. 1, the general structure of an expo 
sure housing suited for use, for instance, with the com— 
pact automatic single lens re?ex camera described ear 
lier and with the control logic system of the instant in 
vention is revealed at 10. Housing 10 is formed having 
a rear casting 12 serving as a principal support for the 
components therewithin. More particularly, the center 
and one side portion of rear casting l2 serve to support 
a compound mounting ?xture including an exposure 
mechanism mounting plate 14 which, in turn, supports 
a lens mounting bracket 16 at the center of housing 10. 
Bracket 16 serves to support an externally geared bezel 
18 which is rotatable to focus the taking or objective 
lens 20 of the camera. Focusing movement of lens 
bezel 18 is provided from a hand-manipulated, exter 
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nally geared focusing wheel shown in outline form at 
22. Focusing wheel 22 is interconnected with the 
geared periphery of bezel 18 through an idler gear 24. 
The rearward portion of lens mounting bracket 16 

also serves to support two coacting exposure mecha 
nism or shutter elements or blades-26 and 28. Blades 
26 and 28, respectively, are formed having tapered ap 
erture openings 30 and 32 which symmetrically overlap 
about the center of taking lens 20 to de?ne a variation 
of aperture values. The requisite mutual, synchronous 
and corresponding movement of blades 26 and 28 is re 
alized by virtue of their-mutual geared interconnection 
with a drive pinion 34. Note in this regard that blade 26 
is formed having a rack extension 36, the geared teeth 
within which are meshed with those of pinion 34, while 
blade 28 has a rack extension 38, the gear teeth within 
which are meshed with pinion 34 on an opposite side 
thereof from extension 36. _ 

The opposite sides of blades 26 and 28, respectively, 
are formed having extensions 40 and 42 designed'to 
move within a light sensing station depicted generally 
at 44. Extensions 40 and 42, respectively, are formed 
having tapered secondary openings 46 and 48 which 
move in mutual symmetry to de?ne a progressively 
varying secondary opening 50 (FIG. ,2) before the light 
detecting elements of the exposure control circuit. 
Light sensing station 44 further includes an entrance 
optical assembly including a lens 52 having a?eld of 
view corresponding with that of taking lens 20 and a 
bracket 54 supporting lens 52. Bracket 52, in turn, is 
?xed to rear casting l2. 
Rotational drive is imparted to the pinion 34 from a 

stepper motor 60, the output shaft 62 of which is 
?xedly journaled within pinion 34. As is shown in FIG. 
3, motor 60 is of relatively thin dimension and is sup 
ported upon mounting plate 14 ,of the compound 
mounting ?xture. To assure proper enmeshment be 
tween pinion 34 and rack extensions 36 and 38, guide 
pins 64 and 68 are provided and are shown extending 
from a rearward portion of bracket 14. As is apparent 
from the structure described, when motor 60_ is selec 
tively energized from an energizing pulse or clock train 
and receives an appropriate directional signal, it is ca 
pable of driving blades 26 and 28 from an orientation 
fully blocking the optical path toward open orienta 
tions such that openings 30 and 32 may serve to de?ne 
a progressive variation of aperture values until full ap 
erture opening is reached. 
To de?ne an interval of exposure, motor 60 is ener 

gized from a pulse train and receives a directional sense 
signal to cause pinion 34 to rotate in an appropriate di 
rection opening the shutter blades until a sufficient ex 
posure value has been reached. This evaluation may be 
performed at light sensing station 44 or through a range 
responsive ?ash control circuit or the like. When an ap 
propriate signal has been reached, energizing drive 
pulses in the presence of a reversing drive signal are 
generated to rotate pinion 34 in an opposite sense to 
cause the exposure mechanism to reassurne a closedor 
light blocking orientation as shown in FIG. 1. Other se 
lective energizations and directional commands to 
motor 60 can be provided to open or secure the optical 
path de?ned at lens 20 where the mechanism is utilized 
for single lens re?ex applications or the like. However, 
in the initial description to follow, emphasis is placed 
upon the operation of the mechanism wherein motor 
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60 drives blades 26 and 28 from a fully closed-toward _ 

6 
an open orientation, thence the motor is reversed to 
close the blades to terminate an interval of exposure. 
Stepper motors as at 60 generally are motive devices 

which respond directly to a pulse of speci?ed length 
and amplitude to provide a motive drive output. The 
position of the motor shaft 62 is directly proportionate 
to the number of these excitation or drive pulses ap 
plied. Rotational direction for the output of shaft 62 is 
controlled by electrical shading. Depending upon the 
use contemplated, the motors generally are designed 
utilizing multiple coils forming multiple stators, each of 
which is bi?lar wound to allow 4 to 8 stator phases. The 
rotors usually are formed in permanent magnet fashion 
having a plurality of pole points. A more comprehen 
sive description of stepper motors as they are used in 
conjunction with exposure mechanisms is provided in 
a copending application for U.S. patent entitled “Non 
Cocking Springless Shutter Developing Two Parameter 
Exposure Regulation” by I. Erlichman, Ser. No. 
362,926 ?led of even date herewith and assigned in 
common with the parent application on May 22, 1973. 
In that application, a stepper motor having a step angle 
of about 71/.'>.° operating to drive exposure mechanism 
blades between their terminal positions under about a 
20 pulse energization each direction is described as 
being adequate ‘for the purpose at hand. When com 
bined witha vernier form of control, such exposure 
control derives a resolution amounting to about 1/12 of 
an F/stop, a resolution considered highly desirable in 
automatic exposure control schemes. 

In the discourse to follow, the control logic circuit for 
operating the exposure mechanism of the invention is 
described as it performs in the course of a conventional 
exposure interval. Following such description, this op 
eration is described as it is carried out in conjunction 
with the full photographic cycle of a fully automated 
single lens re?ex camera. ' s 

For purposes of clarity in the description to follow, 
Boolean enumeration is utilized to describe the pulse 
logic of the circuit diagrams. For instance, a “low” sig 
nal is considered to be one having a potential essen 
tially at ground and is represented by a logical “0”. 
Conversely, a “high” signal is considered positive and 
is depicted by a logical “1”. Additionally, the circuit 
will be seen to utilize bistable multivibrators in the form 
of J-K ?ip-?ops. Generally, a J-K ?ip-?op is a comple 
menting ?ip-?op having two added control signals, ar 
bitrarily designated J and K that serve to limit the con 
ditions under which the ?ip-?op will change to the l 
and 0 states, respectively. While several forms of such 
logic devices are available for the instant purpose, the 
particular ?ip-?ops shown in the drawings are ones 
whose outputs in time change on the negative transition 
of clock inputs. The P or preset input, representing a 
dc. set input to given ?ip-?op will cause its corre 
sponding Q output to be a logical “1” where such P 
input is ground. A d.c. reset input to a given such ?ip 
flop will cause its Q output to be a logic “0" when that 
input is at ground potential. Of course, this output is in 
‘complement with its corresponding 6 output. To fur 
ther facilitate the description to follow, the “Q" output 
of any ?ip-?op will be designated by the label of the 
particular ?ip-?op, while the not Q or “6" output of a 
given ?ip-?op is designated by the label prime of that 
?ip-?op. It will be understood, however, that alternate 
forms of ?ip-?ops as well as such designations may be 
utilized to derive an equivalent form of logic circuit. In 
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same regard, it will be seen that the circuit of FIG. 4 
utilizes NAND logic elements. It should be understood 
that other logic criteria, for instance “AND" logic may 
be utilized in the‘ designof such logic'circuits. 
Concerning the particular output logic of each of the 

J-K ?ip-?ops, the Q output of such ?ip-?op will switch 
from the 0 state to the l'state when J is 1 at the time 
of a clock or actuating pulse, although, if the ?ip-?op 
is already in the I state, that is “reset”, the binary value 
of J will not affect the flip-?op. Analogously, the ?ip 
flop will switch from the 1 state at its Q terminal to a 
0 state, while its Q will transition to l at such time that 
the K input is 1. When both the J and K terminals are 
“0”, clock or actuating pulses will have no effect on the 
?ip-?op. 
Referring now to FIG. 4 and, in reference thereto to 

FIGS. 5 and 6, the control arrangement of the inven 
tion is revealed. Motor 60, as described in connection 
with FIGS. 1-‘3, is represented in FIG. 4 by a block 60'. 
‘A motor directional control circuit is shown at 65, con 
nected to motor 60 along line 67 and a motor drive net 
work is shown at 68 connected to motor 60 by line 70; 
The exposure phase of a photographic cycle is initi 

ated by an appropriate signal generated from a cycle 
control function of the camera as depicted by block 72. 
It should be understood that for simple photographic 
cycles such signal may be generated from'the manual 
closure of a switch or the like. Cycle control 72 initially 
supplies a signal along line 74 to a reset function shown 
at block 76. Reset block 76 presents a transient “low” 
or 0 pulse designated “Z" along lines 78, 80 and 82 to 
all ?ip-?ops within the circuit. This reset event is de 
picted at block 84 in FIG. 6 and is represented at “Z” 
in the pulse diagram of FIG.‘ 5. The input and output 
conditions of all ?ip-?ops within the circuit being thus 
aligned to commence a photographic cycle, cycle con 
trol 72 then imparts start and energization signals from 
along lines 86 and 88 to a start function 90 and main 
pulse generator. The start function is shown in appro 
priate sequence at 94 in FIG. 6 and additionally is rep 
resented by the curve aligned with the label “START” 
on the pulse diagram of FIG. 5. When so activated, 
pulse generator 92 delivers a pulse train along line 96. 
This pulse train, having the highest selected frequency, 
?,, of the control circuit is simultaneously introduced 
along lines 98 and 100 to the clock input terminals C 
of respective J -l( ?ip-?ops K,, and K". The Q output ter 
minal of ?ip-?op K,, is connected along lines 102 and 
104, respectively, to the J and K input terminals of ?ip 
?op K”. Accordingly, it will be recognized that ?ip 
?ops K,, and K" are coupled in divider network fashion. 
Looking additionally to FIG. 5, it may be seen that the 
consequent Q output at line 102 of ?ip-?op K,, repre 
sents a divide by two pulse train frequency of the clock 
pulse at line 96. By virtue of its interconnection with 
?ip-?op K,,, the resultant Q output of ?ip-?op K" at line 
106 is a pulse train representing divide by four submul 

' tiple of the pulse generator frequency, f0. This pulse 
train designated K", as shown in FIG. 5, represents the * 
opening phase clock input to the circuit. The frequency 
of this clock train may be represented as f,. 
Returning to starting function 90, and looking to the 

corresponding pulse curve in FIG. 5, as the output 
thereof at line 108 alters from a high value to a low and 
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then transitions to a high or 1, the preset terminal of a I 
J-K ?ip-?op GI causes the Q output thereof to transi~ 
tion to a high. This high Q value is stable and is present 

8 
‘at line 110. The G. ?ip-?op is present in the circuit to 
stabilize the actuating signal deriving from starting net 
work 90. For instance, should such network be formed 
utilizing, for the present purpose, a switch having an 
undesirable bounce characteristic, once an initial actu 
ation or closure of the switch is recognized, the stable 
output Q at line 1 10 will ‘remain stable at the noted high 
value/Accordingly, the circuit becomes immune from 
vagaries otherwise encountered with ambiguous switch 
performance. ‘ 

The G1 output at line 110 is introduced to the J termi 
nal of a J-K ?ip-?op G2. The corresponding clock input 
C of ?ip~flop G2 is coupled from along line 110 to the 
opening phase clock pulse train K,, emanating from dis 
tribution line 106. As shown at the appropriate curve 
in FIG. 5, with the presence of a negative transitioning, 
clock pulse K,, at clock input “C” of ?ip-?op G2 causes 
it to toggle to produce a high at its output terminal Q 
and a corresponding low at its output Q. Flip-?op G2 
serves the function of synchronizing the starting or ac 
tuating signal from block 90 with the opening phase 
clock pulse train K,,. Such synchronization permits 
highly accurate timing of all operational events to take 
place from this starting point in time. This clock syn 
chronization feature is represented functionally in FIG. 
6 at block 114. 
The not Q or 6 terminal of ?ip-‘flop G2 is coupled 

along line 116 to the clock input terminal C of a third 
.I-K ?ip-?op G3. Accordingly, ?ip-flop G3 toggles to 
produce a high value at its output Q which is intro 
duced along lines 118 and 120. Represented as G3, this 
high value signal is utilized as an exposure mode signal, 
the purpose of which is to provide a consistent and con 
tinuing recognition that an exposure cycle is underway. 
The G3 development of this logic information is repre 
sented at function block 122 in FIG. 6. As additionally 
shown in that ?gure, the output from ?ip-?op G3 serves 
to activate alight evaluating circuit as shown at block 
124. The ?gure further shows that an opening phase 
motor directional logic signal is generated as illustrated 
at function block 126 and a step limit monitor arrange 
ment is activated as shown at block 128. 
Returning to FIG. 4, the noted exposure evaluating 

function'includes, inter alia, a light sensing network 
134 coupled to line 120 through 136 and to ground 
through line 138. Network 134 may assume a variety 
of con?gurations, however, a con?guration described 
and claimed in U.S. Pat. No. 3,620,143 by J. P. Bur 
garella is particularly appropriate. This form of net 
work utilizes a photovoltaic light sensing device operat 
ing in a current mode in conjunction with an opera 
tional ampli?er having an input circuit which includes 
a capacitive feedback path. The output of network 134 
is present at line 140 and is introduced to a trigger cir 
cuit 142.,Coupled to line 120 through line 144 and to 
ground through line 146, circuit 142 has a normally not 
conducting input stage and a normally conducting out 
put stage which function to rapidly reverse their con~ 
.dueting senses ‘upon the appearance of a threshold volt 
age value at line 140 of a predetermined level. The out 
put of trigger circuit 142 is present at line 148 and is 
identi?ed in the pulse chart of FIG. 5 as “ST,,". Note 
in the latter ?gure that output ST,, remains low during 
the opening or initial phase of an exposure interval. 
Turning now to the opening phase motor directional 

logic signal as is described in connection with function 
block 126 of FIG. 6, with the development of the initial 
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low or “Z” signal at output lines 78 and 80 of reset net 
work 76, a directional 'logic J-K flip-flop R is reset by 
virtue of its connection through line 150 to line 180. 
The resultant state of its output “Q” is “low" at con— 
nected output lines 152 and 154. Line 154, in turn, is 
connected to motor directional control network 65 
through line 156. The complementing 6' output of ?ip 
?op R is now high and is introduced to motor direc 
tional control network 65 from lines 160, 162 and 164. 
Represented for descriptional purposes as “R'” this sig 
nal is also introduced to one input terminal of a NAND 
gate 158 which represents a component of a phase con 
trol feature of the circuit. 
The step limit monitor feature of the circuit as de 

scribed at block 128 in FIG. 6, includes paired decade 
counters designated “M” and “N’”. Being of conven 
tional design, these counters are reset, respectively, 
through lines 170 and 172 which, in turn, are coupled 
between reset line 80 and the R], terminals thereof. The 
latter reset terminals are common to all four bits Ai-D 
and a low at the reset input produces a low or O at all 
four of the noted bits. A counting operation is per 
formed by the counters on the falling or negative-going 
edge of an input clock pulse. Bit terminal “A” of 
counter M is connected along line 174 to one input ter 
minal of a NAND gate 176, while the C2 clock pulse 
input thereof is connected along line 178 in common 
with line 174. The D bit terminal of counter M is con 
nected along lines 180 and 182 to the clock input C, of 
counter N and to another terminal input of gate 176. 
A parallel entry line 184 serves to provide the same 
input to a third terminal of gate 176 from line 182. The 
fourth input to NAND gate 176 is provided from the A 
bit terminal of counter N through lines 186 and 188. 
Line 188 additionally couples clock input C2 of counter 
N in common with this signal. Thus interconnected, 
counters M and N, operating in conjunction with 
NAND gate 176, serve to provide a twenty pulse or 
step counting feature in response to clock impulses 
from a pulse train identified as KZ introduced to clock 
input “C," of counter M through line 190. As discussed 
earlier, the twenty step or pulse count provided by the 
counter network is selected in accordance with the 
number of step pulses required to move exposure 
mechanism blades 26 and 28 from one terminal posi 
tion, for instance fully closed as shown in FIG. 1, to a 
complementing fully open position. Of course, the 
number of pulses selected for this operation is a matter 
of design choice, depending upon the apertural value 
resolution desired. The output states of bits A-D of 
counter N as well as output terminal A of counter N are 
represented, respectively, in the pulse chart of FIG. 5 
as M, — M” and NA. 

With the introduction of appropriate opening phase 
logic to NAND gate 158, monitoring and motor drive 
is permitted to take place. Looking momentarily to 
FIG. 6, the motor drive function is represented at block 
1‘90, while the counting operation takes place as repre 
sented at block 192. Returning to FIG. 4, NAND gate 
158 serves to pass opening clock pulses K,,, as are pres 
ent at output lines 106 and parallel input line 194, only 
in the presence of signal G3, presented from line 120 
through line 196 to gate 158, and directional signal R’ 
inserted to gate 158 from line 154. More particularly, 
NAND gate 158 will pass clock pulses K,, in the pres 
ence of the Boolean expression: G_-,R'K,,, where G;, and 
R’ are synchronous to K,,. 
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The output of gate 158 is directed along line 200 to 

gate 202, whereupon it passes to input line 190 of 
counter M. As noted earlier, the signal passing from 
gate 202 is arbitrarily designated as KZ. The energizing 
pulse train at line 190 is simultaneously introduced 
along line 204 to drive network 68 of motor 60’. When 
combined with the earlier directional signal from .I-‘K 
?ip-?op R, the pulse train introduced to network 70 
causes motor 60’ to be energized in a directional sense 
causing blades 26 and 28 to move toward orientations 
de?ning variable aperture values over lens 20. Looking 
to FIG. 5, the energizing pulse train during opening 
phase performance is represented in the initial portion 
of pulse line “K2”. 
Returning momentarily to FIGS. 1 and 2, a switch S, 

is revealed to be mounted within an upper corner of 
housing 10 upon rear casting 12 thereof. Switch S, is 
formed having an insulative base 210 from which ex 
tend two resilient contact members 212 and 214. 
Mounted in cantilever fashion, contacts 212 and 214 
are normally open, contact leaf 214 being biased out 
wardly from contact with leaf 212. When blades 26 and 
28 are in the fully closed orientation of FIG. 1, exten 
sion 36 of blade 26 serves to but against leaf 214 to ef 
fect closure of switch 8,. However, when motor 60 is 
energized and blades 26 and 28 are driven from pinion 
34, contact leaf 214 separates from contact 212. Ac 
cordingly, switch S, serves a monitoring feature inform 
ing the control circuit that blades 26 and 28 have, in 
deed, moved from their closed terminal orientations. 
Conversely, when blades or elements 26 and 28 resume 
their fully blocking position, leaves 212 and 214 will 
have resumed contact to inform the circuit that an ex 
posure interval is completed or that the optical path of 
the photographic apparatus is blocked and secured. 
Looking momentarily to FIG. 6, the opening phase 
monitor signal to which this opening actuation of 
switch S, contributes is represented at function block 
216. 

Returning to FIG. 4, switch S, is seen to be coupled 
between line 218 and ground. Line 218, in turn, leads 
to one input of a NAND gate 220. The opposite input 
at line 162 extends through line 160 to the (-2 output of 
J-K flip-?op R. Accordingly, the signal at line 162 is R’ 
during the opening phase of an exposure interval. The 
resultant low signal at output line 224 is introduced to 
the preset or P terminal of a J-K ?ip-?op designated 
“H,”. The resultant “Q” output at line 226 transitions 
to a logical l or high. Looking to FIG. 5, it may be seen 
in conjunction with the logical curves S, and H, that H, 
assumes a stable state in immediate response to the 
opening of switch 8,. Here again, the control circuit be 
comes immune from any subsequent switch bounce or 
the like occasioned in the mechanical actuation of 
switch 3,. Line 226 is connected to the J input of an 
other J-K flip-?op designated “H2”, while the 6 termi 
nal of flip-flop H, is connected to the K terminal of ?ip 
flop H2 through line 228. The clock input terminal C of 
?ip-?op H2 is coupled along line 230 to the K2 output 
at line 190 carrying the energizing pulse train or clock 
train to motor drive network 68. Accordingly, the Q 
output of flip-fop H, at line 226 is, in effect, “anded” 
with the energizing drive or clock pulses of the system. 
As shown in FIG. 5, the Q output terminal at line 232 
of ?ip-?op H2 assumes a stable high state which is wit 
nessed at the clock input terminal C of another J-K ?ip 
?op designated H3. The 6 output terminal of ?ip-?op 
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H3, connected with line 234, remains low as shown in 
the corresponding pulse diagram of FIG. 5, throughout 
the opening phase of an exposure interval. Note that 
?ip-?ops H2 and H, are initially reset from lines 82 and 
236. 
Returning to FIGS. 1, 2 and 6, as blades 26 and 28 

are driven to de?ne progressively widening aperture 
values over the taking optical path of housing 10, sec 
ondary openings 46 and 48 of those blades simulta 
neously insert brightness level and aperture value infor~ 
mation to light sensing network 134. Either of two con 
trol conditions may obtain during this opening phase. 
For instance, as shown at function block 240, the 
threshold level of trigger 142 may be reached to cause 
its output at line 148, designated “ST0" to assume a 
high value. Such high value will cause a motor reversal 
and exposure termination. On the other hand, blades 
26 and 28 of the mechanism may be driven to their full 
open aperture orientation before such high signal is 
‘reached. In this event, the monitoring function of the 
circuit will evolve a step limit signal as represented at 
block 242. For purposes of clarity in the discussion to 
follow, the latter condition in which a full aperture 
opening is achieved before an “STD” high signal is 
reached at line 148 is described in detail. 
As energizing pulse train KZ at line 190 is fed h) th to 

motor drive network 68 and to clock input C, of count 
ers M and N, counters M and N will commence cumu 
lative counting until such time as twenty pulses are re 
corded. The pulsing technique wherein this value of 
twenty is achieved is shown in FIG. 5 in connection 
with pulse curves MA — MD and NA. As shown in these 
curves, at such time as a twentieth step is witnessed by 
the monitoring feature, the MA output at line 174, the 
M” output at lines 182 and 184 and the NA output at 
line 188 will transition to a low or logical 0 value. With 
this transition, the output of NAND gate 176 at line 
244 transitions to a logical l or high state and is intro 
duced to NAND gate 246. The opposite input to gate 
246 derives from the output at line 148 of trigger cir 
cuit 142. This output is directed through an inverter 
248, thence to line 250 and the input side of gate 246. 
Inasmuch as output line 148 is high in the course of ex 
posure evaluation, its value is inverted at 248 to a low 
which signal is delivered through line 250. The resul 
tant output at line 252 of gate 246, therefore, is high or 
a logical I. This high signal, designated for descriptive 
purposes as “X,”, is introduced to the J input terminal 
of ?ip-?op R. As a consequence, directional flip-?op R 
toggles in synchronism with a negative-going clock or 
drive pulse deriving from lines 254 and 106. The conse 
quent signal at the Q output terminal line 152 is high 
and is represented as “R". 
Simultaneously with the development of the high or 

R signal, the previously derived R’ signal from ?ip-?op 
R alters to a complementing “low” value. In response 
to this alteration, gate 158 acts to block the passage of 
clock or drive pulses K“ from entering drive network 68 
through line 204. Motor 60 stops. However, the direc 
tional sense for causing motor 60 to operate in reverse 
to cause blades 26 and 28 to move in a direction closing 
the optical path of housing 10 is established. Note in 
FIG. 5 that the drive or clock pulse train Kz has been 
interrupted. Further, it may be observed that the inputs 
from ?ip'?op 'R to motor directional control 65 have 
altered in complimentary fashion, the input at line 156 
being high and the input at line 164 being low. An im 
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12 
portant aspect of this reversing signal resides in the 
presence of a reversing input to motor directional con 
trol 65 before any energizing pulses for reversing motor 
60 are capable of being delivered. 
When light sensing network 134 determines that an 

exposure terminating phase of the exposure interval 
should be undertaken, its input at line 140 to trigger 
142 reaches a predetermined threshold value and the 
output at line 148 of trigger 142 rapidly converts to a 
low state. The resultant output of NAND gate 246, des 
ignated X,, at line 252 remains low, however, the low 
value at line 148 is witnessed through line 256 at the 
“J ” input terminal of a .I-K ?ip-?op designated “STI”. 
This low signal at line 256 is represented in FIG. 5 as 
“STD” and, for illustrative purposes, is seen to occur at 
a point in time representing about 1A of a clock or drive 
pulse width, f,. This somewhat rapid reaction of ?ip 
?op ST I represents a vernier response aspect of the in 
vention. Note that the clock input terminal C of ?ip 
?op ST, is connected through line 96 to pulse genera 
tor 92. Accordingly, the output of ?ip-?op ST,. is syn 
chronized with pulse generator frequency, f". With the 
presence of a negative-going pulse at frequency, f,,, and 
a high signal at line 256, flip-flop ST, toggles to pro 
duce a high at its Q output terminal on line 258. The 
output at line 258 then is introduced to a divider net 
work including J-K ?ip-?ops K, and K2 which serve to 
re-develop clock or energizing drive frequency, f,, at a 
point in time substantially synchronous with the devel 
opment of signal STO. 

Flip-?op K, of the divider network, as designated at 
260, is arranged such that its J and K terminals are con 
nected, respectively, with the Q terminal of ?ip-?op 
ST,r through lines 258 and 262. Thus connected, the Q 
output terminal of ?ip-?op ‘K, at line 264 represents a 
“divide by two” value of pulse generator frequency, f,,, 
as synchronized at ?ip-?op ST 1. Line 264, in turn, is 
coupled with the J input of J-K ?ip-?op K2. The clock 
input C of ?ip-?op K2 is coupled through line 266 to 
pulse generator 92 output line 96. Accordingly, ?ip 
?op K2 again divides the input frequency thereof by 
two and derives a reversing energizing pulse train at its 
Q output on line 268. Line 268 is directed to the input 
of a reversing NAND gate 270. It may be noted that J-K 
?ip-?ops STJ, K, and K2 may be cleared or reset from 
reset network 76, respectively, through lines 272, 274 
and 80. Looking to FIG. 5, the performance of divider 
circuit 60 is revealed in connection with the pulse dia 
grams labeled “K,” and “K2”. 
Returning to FIG. 6, the operation of the control cir 

cuit to the present stage may be reviewed. Following 
the development of the step limit signal as described in 
connection with function block 242, the resultant input 
signal to ?ip-?op R is synchronized with clock pulses 
K“ as shown at function block 276. Upon these signals 
being effectively “anded”, flip-flop R toggles to derive 
a closing phase directional logic signal, R, as depicted 
by block 278. Simultaneously, the R’ signal at gate 158 
is removed to, in turn, inhibit the drive pulse train K; 
at line 190. As a consequence, motor 60 is halted as 
shown at function block 280. Also, the R’ signal at gate 
220 is removed, however, signal H, remains stable. The 
monitoring feature of the circuit is enabled to monitor 
the closing phase of the exposure interval as shown at 
function block 282. Looking to FIG. 4, this is carried 
out by asserting a high or R signal along line 154 to gate 
284. 
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Returning to FIG. 6, the vernier detection feature de 
rived from ?ip-?op ST 4. is revealed at function block 
286. It will be apparent that should the exposure termi 
nation signalshown at block 240 occur before the step 
limit signal depicted at block 242, the function of syn 
chronizing as described at block 276, the development 
of the closing phase directional logic shown at function 
block 278, as well as the resultant stopping of the 
motor as described in connection with block 280 and 
enabling of the closing phase monitor as shown at block 
282 will immediately take place. Additionally, the ver 
nier detection feature as shown at block 286 will occur 
in response to the synchronization of the R signal as de 
scribed in connection with block 276. The exposure in 
terval cycle now continues in common to both condi 
tions, i.e., the development of an exposure termination 
signal either before or after the development of a step 
limit signal to which the system is accommodated. 
Because the mechanism representing blades 26 and 

28 as well as the drive components of motor 60 should 
evidence some inertial or mass accelerative character 
istics, whether of trace value or otherwise, the system 
of the invention imposes a deliberate delay of predeter 
mined interval. This interval is selected as representing 
the interval of one pulsewidth at frequency f,. The se 
lection of such a ?xed interval permits simpli?ed design 
of turn-around anticipation for the drive system of the 
mechanism. For instance, this anticipation design pa 
rameter is incorporated within the contour design of 
secondary photocell sweep openings 46 and 48 (FIGS. 
1 and 2). The delay function is represented in FIG. 6 

. at block 286. 

Returning to FIG. 4, the one pulsewidth delay feature 
is derived from another J-K ?ip-?op designated K3. 

- ' Clock input C of ?ip-?op K3 is connected to the Q out 
[ 'p'ut line 268 of ?ip-?op K2 from along line 288, while 

,its' K input terminal is coupled to ground through line 
290 and its reset terminal, C1,, is connected to line 80. 
The Q output terminal of ?ip-?op K3 is connected with 

' line 292 ‘and the resultant signal thereupon, designated 
“K3” is directed to an input of NAND gate 270. Gate 
270 will pass energizing or clock drive pulses “K2” at 
such time as positive-going K2 and K3 pulses are syn 
chronously received, as revealed .in FIG. 5 astride the 
appropriate signal designation. Expressed in Boolean 
logic, this pulse train is passed under the ‘conditions 
GaKrR, where: K J. = K2K3. From gate 270, the pulse 
train is directed along line 294 and through a NOR gate 
202 to evolve pulse train signal KZ at'line 190. It may 

vbe noted, therefore, that the signal K2, expressed in 
Boolean logic, presents the equation: KZ = G3K,,R’ + 
GaKmR. 
Looking again to FIG. 6, with the development of the 

K2 signal for reversing exposure mechanism blade mo 
tion, the counting function again ensues ‘as depicted at 
block 296 and motor 60 is driven as depicted in func 
tion block 297. 
Referring to FIG. 4, as in the opening phase of the ex 

posure interval, an energizing pulse train, K2, or K2, is 
introduced along line 204 to drive network 68 to ener 
gize motor 60. Simultaneously, paired counters M and 
N monitor the number of pulses delivered to motor 60 
and when that number reaches the predetermined 
twenty required for termination of motor energization, 
the condition sense of the signals at lines 174, 182 and 
188 serve to evolve a high value at line 244 extending 
from gate 176 which, in turn, is directed to the input 
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side of gate 246. When this signal at line 244 is com 
bined with the high signal at line 250, gate 246 output 
Xl transitions from a low to a high level. 
Looking to FIGS. 1, 2 and 6, as exposure mechanism 

blades 26 and 28 approach their closed orientations, 
extension 36 of blade 26 again contacts resilient leaf 
214 of switch S1 and urges it into contact with leaf 212. 
Closure of switch S1 provides a low signal at line 218 
which is introduced through an inverter 302 and com 
bined with the high signal, R, at line 154 at NAND gate 
284. The resultant high signal at line 304 is introduced 
to the clear or reset terminal, CL, of .I-K ?ip-?op H1. As 
in the earlier case, and as shown at block 306, ?ip-?op 
I-Il serves the function of accommodating for any 
bounce or similar vagary occasioned with the opening 
or closing of switch S1. The output of ?ip-?op H, tog 
gles to exhibit a high value at its 6 output terminal at 
line 228. This output is “anded” with the K2 clock 
input at ?ip-?op H2, as introduced from line 230. Thus 
synchronized with the clock or drive pulse train K2, the 
Q terminal output of ?ip-?op H 2 transitions to a low 
at line 232. As a consequence, ?ip-?op H3 toggles such 
that the 6 output thereof at line 234 reverts to a “low” 
state. This low value is transmitted along line 234 to 
logic gate 310, thence along line 312 to logic gate 314 
and thence along line 316 to the reset or clear terminal 
CL of .I-K ?ip-?op G3. Inasmuch as ?ip-?op G3 controls 
the delivery of driving pulses to motor 60, the resetting 
of this flip-?op causes motor drive termination as dc~ 
picted at block 318 in FIG. 6. In consequence, the high 
output at line 118 of ?ip-?op G3 transitions to a low to 
remove all pulse gating at AND gates 270 and 158. 
With the termination of this G3 exposure mode signal, 
an exposure interval is terminated as depicted in FIG. 
6 at block 320. 

The discussion now turns to operation of the stepper 
motor driven exposure mechanism and the above 
described exposure control circuit as it is operated in 
conjunction with a fully automated single lens re?ex 
camera. As described earlier, such a camera must 
cause blades 26 and 28 to de?ne a fully open aperture 
for purposes of viewing and focusing. Following the as 
sertion of power to the camera, blades 26 and 28 are 
required to fully close and remain so closed until such 
time as the optical path of the camera is converted 
from a viewing orientation to an exposure orientation. 
Once this orientation is achieved, the camera carries 
out the exposure cycle described above (See US. Pat. 
No. 3,714,879). At the termination of that cycle, the 
exposure mechanism blades remain closed until the op 
tical path components of the camera reassume their 
viewing-focusing orientation. At such time as such ori 
entations are achieved, motor 60 again drives blades 26 
and 28 to their fully open condition. 
Looking to FIG. 7, the condition of the automatic re 

?ex camera at such time as viewing and focusing are 
carried out is represented at block 326. Following ap 
propriate focusing and viewing, the operator applies 
power to the control system at cycle control function 
72. As depicted at block 328 and beside the “reset‘” 
label of the energization chart of FIG. 8, cycle control 
72 then activates reset function 76. As a consequence, 
the logic input and output sense of all ?ip-?ops and 
counters within the circuit are aligned in identical fash 
ion as at the beginning of an exposure cycle. 
Immediately following the activation of reset func 

tion 76, as shown at block 330, and at the energization 
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trace labeled “preset” in FIG. 8, cycle control 72 acti 
vates a preset network 332 from line 334. The output 
of network 332, present at line 336, converts froma 
high value or state to a low state which signal condition 
is transferred to the present input terminal, P, of ?ip 
?op R. The same signal simultaneously is delivered to 
preset terminal, P, of ?ip-?op ST, through line 338. 
This is a D-C set input which causes the Q output of 
both ?ip-?ops to assume a logic 1 or high condition. As 
depicted at block 340 in FIG. 7, the presetting of ?ip 
flop R causes the development of an “R” signal condi 
tion at NAND gate 270. This signal condition will per 
mit gate 270 to transmit pulses generated from divider 
network 260. As shown in FIG. 8, cycle control 72 then 
activates start network 90 to cause the circuit to com 
mence to carry out an operational cycle in dependence 
upon the directional logic inserted at NAND gate 270. 
This start function is represented in FIG. 7 at block 
342. The earlier described presetting of ?ip-?op ST , 
'causes its Q output at line 258 to assume a high condi 
tion which, in turn, activates divider network 260 to de 
velop energizing drive pulse train K2 in identical fash 
ion as disclosed in connection with FIG. 6. 
The activation of start network 90 having developed 

an appropriate earlier discussed signal G3, pulse train 
K2 is passed by gate 270 and is introduced through gate 
202 and line 204 to drive network 68. Simultaneously, 
counters M and N commence to monitor the number 
of pulses delivered‘ from line 190 as depicted at block 
344 in FIG. 7. The appropriate high signal value being 
present at line 152, motor directional control 65 causes 
motor 60 to operate in a direction closing blades 26 
and 28. The motor drive operation is depicted in FIG. 
7 at block 346, while the counting or monitoring func 
tion is depicted therein at block 348. As a predeter 
mined or twentieth pulse is received by motor 60, ex 
tension 36 of blade 26 (FIG. 1) makes contact with leaf 
214 of switch S,. In consequence, flip-?op H, is reset 
from line 304 as discussed in connection with block 
300 of FIG. 6. The outputs of ?ip-?op Hl toggle in 
complement, line 226 assuming a low state. This input 
is “anded” with pulse train KZ at ?ip-?op H2 and intro 
duced to ?ip-?op H3 as described in connection with 
FIG. 6. As a consequence, reset network 76 is reacti 
vated, as depicted in FIG. 8. In FIG. 7, the development 
of the S1 shutter closing signal is shown at block 350, 
the clock synchronization feature of H1 is depicted at 
block 352, while the activation of reset network 76 is 
depicted at block 354. 
As discussed earlier in connection with block 318 of 

FIG. 6 and as shown at block 356 in FIG. 7, motor 60 
is stopped and is in a non-powered state. During the re 
sultant closed or optical path blocking orientation, the 
exposure chamber of the automatic camera is secured 
and the optical path components thereof are reoriented 
to assume exposure mode positions as indicated by 
block 358. 
As shown in FIG. 8 in connection with the start net 

work operational curve and as shown at block 360 in 
FIG. 7, cycle control 72 reactivates start network 90 at 
the conclusion of optical path conversion to cause the 
circuit to carry out a conventional exposure cycle. This 
cycle has been discussed in connection with FIGS. 4, 5 
and 6 and is depicted in FIG. 7 as block 362. At the 
conclusion of an exposure interval, optical path con 
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version again is carried out as depicted at block 364 in 1 
FIG. 7A. When the components of the camera have re 

16 
assumed their viewing-focusing orientations, cycle con 
trol 72 initially activates reset network 76 as shown at 
block 366 in FIG. 7A and at the corresponding energi 
zation curve of FIG. 8. This reset function is the same 
as that carried out at the commencement of an expo 
sure cycle as discussed above. 
Following the resetting operation, starting network 

90 is again activated as shown at block 368 and at the 
appropriately labeled energization diagram of FIG. 8. 
Simultaneously, cycle control 72, operating along line 
370, disables light sensitive network 134. This can be 
carried out, for instance, by shunting the capacitive 
feedback of the earlier described light sensing circuit 
134. This operational event is depicted under appropri 
ate label in FIG. 8 and at block 372 in FIG. 7A. As in 
a conventional exposure cycle, the activation of start 
network 90 causes the development of an opening 
phase directional logic signal, R’, as depicted at block 
374. Simultaneously, the step limit monitor feature in 
cluding counters N and M are activated as shown at 
block 376 and as described earlier in conjunction with 
block 128 of FIG. 6. As a consequence, motor 60 is 
driven as depicted at block 378; blades 26 and 28 are 
moved toward orientations de?ning progressively 
opening or widening apertures and counters M and N 
monitor the number of pulses in the drive pulse train KZ 
as depicted at block 380. The latter counting proce 
dure was discussed in connection with block 192 of 
FIG. 6. As a terminal count is reached at counters M 
and N, a step limit signal is developed, as described 
above, at line 252 and is introduced to the .l input ter 
minal of ?ip-?op R. This signal is synchronized or 
“anded" with pulse train K”, as depicted at block 384, 
and discussed earlier in connection with block- 276 of 
FIG. 6. As a consequence, ?ip-?op R toggles to pro 
duce an R output, thereby causing NAND gate 158 to 
terminate the passage of pulse train K" to line 200. De 
velopment of this additional logic signal is shown in 
FIG. 7A at block 386. With the blocking of energizing 
pulses K2, motor 60 stops, as depicted at block 388 in 
FIG. 7A and the re?ex camera has reassumed its view 
ing-focusing mode, blades 26 and 28 now de?ning an 
aperture opening of maximum width. Cycle control 72 
then removes power from the system. 

Since certain changes may be made in the above‘ 
described apparatus and system without departing from 
the scope of the invention herein involved, it is in 
tended that all matter contained in the above descrip 
tion or shown in the accompanying drawings shall be 
interpreted as illustrative and not in a limiting sense. 

I claim: 
1. Apparatus for controlling an exposure control 

mechanism of a variety including a stepper motor unit 
having a ?rst input for receiving a directional sense sig 
nal and a second input for receiving drive pulses to ef— 
fect movement of said mechanism to provide control of 
the passage of light through an optical path, compris 
mg: 
exposure control circuit means actuable to derive a 
time dependent output signal corresponding with 
an exposure evaluation; 

drive control means coupled to said second input and 
actuable to deliver a train of energizing pulses of 
drive frequency thereto; 

directional control means coupled with said ?rst 
input for deriving predetermined ?rst and second 
said directional sense signals; and 
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means synchronizing the said actuations of said expo 
sure control circuit means and said control means 
so as to effect a said exposure mechanism drive 
regulating an exposure in correspondence with said 
exposure evaluation. 

2. The apparatus of claim 1 in which said drive con 
trol means is operative to drive said stepper motor at 
one pulse frequency in the presence of said ?rst direc 
tional sense signal, to detect said exposure control cir 
cuit means output signal at a predetermined multiple of 
said one pulse frequency and respond to said signal de 
tection to drive said stepper motor in the presence of 
said second directional sense signal. 

3. The apparatus of claim l in which said drive con 
trol means includes: 

a pulse generator having an output frequency, f,,; 
divider network means for deriving said drive fre 
quency as a submultiple, f], of said output fre 
quency,?,; and 

coincidence means detecting said exposure control 
output signal at a time coinciding with the presence 
of a pulse at said output frequency,f0, and respon— 
sive to said detection for effecting the initiation of 
said stepper motor drive in the presence of said 
second directional sense signal. 

4. The apparatus of claim 1 in which said synchroniz 
ing means includes bistable means initially actuable to 
commence an exposure control cycle of said apparatus 
and deriving a select stable output state in coincidence 
with said initial actuation and the presence of a pulse 
at said drive frequency for actuating said drive control 
means in synchronism with said pulse train drive fre 
quency. 

5. The apparatus of claim 1 in which said directional 
control means includes bistable means having a ?rst 
stable output state providing said ?rst directional sense 
signal and a second stable output state providing said 
second directional sense signal. 

6. An exposure control system of a variety including 
an exposure mechanism movable from a ?rst terminal 
position toward a second terminal position to de?ne 
progressively varying apertural values over an optical 
path and subsequently movable into said ?rst position 
to block said path, the improvement comprising: 

a stepper motor unit actuable in response to a direc 
tional signal and a train of energizing pulses for 
drivably moving said exposure mechanism between 
said positions; 

exposure evaluation means operative to derive an 
output signal corresponding with an exposure eval 
uation of a scene; 

directional control means for deriving said direc 
tional signal to cause said motor to rotate in a di 

rectional sense wherein said exposure mechanism 
is moved between said ?rst and second positions to 
de?ne an interval of exposure; 

drive control means for generating said energizing 
pulse train at frequcncy,f(,; and 

phase control means responsive to said directional 
signal and to said energizing pulse train for actuat 
ing said motor to move said exposure mechanism, 
said phase control means being operative in the 
presence of a first said directional signal and an ini 
tial said energizing pulse train to actuate said motor 
to move said exposure mechanism toward said sec 
ond terminal position, and being operative in re 
sponse to a second said directional signal in the 
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presence of said exposure evaluation means signal 
and to a subsequent said energizing pulse train to 
actuate said motor to move said exposure mecha 
nism toward said first terminal position. 

7. The exposure control system of claim 6 including: 
monitor means responsive to the introduction of a 
number of said energizing pulses to said monitor 
substantially corresponding with said exposure 
mechanism means movement between said termi 
nal positions for deriving an output signal; and 

said phase control means is operative to interrupt 
said energizing pulse train introduction in the pres 
ence of said monitor means output signal. 

8. The exposure control system of claim 6 in which 
said drive control means includes: 
a pulse generator having an output frequency, f0; 
coincidence means detecting said exposure control 
means output signal at a time coinciding with the 
presence of a sampling pulse at said output fre 
quency, f0; and 

divider network means for deriving said subsequent 
energizing pulse train frequency, f,, as a submulti 
ple of said output frequency,f0, in response to said 
coincidence means detection. 

9. The exposure control system of claim 8 including 
delay means responsive to said divider network means 
derivation of said subsequent energizing pulse train for 
selectively delaying the presence of said subsequent en 
ergizing pulse train at said phase control means. 

10. The exposure control system of claim 9 in which: 
said divider network means is con?gured including 

bistable multivibrator means responsive to coinci 
dence means detection and to said pulse generator 
output and having an output stable, K2, at said fre 
quency,f1; 

said delay means is con?gured including bistable 
multivibrator means having a stable output state, 
K3; 

said directional control means is con?gured includ 
ing bistable multivibrator means having a stable 
output state, R, as said second directional signal; 
and 

said phase control means includes gate means having 
an output, K2, satisfying the Boolean expression Kz 
= RK2K3, for introducing said subsequent energiz 
ing pulse train to actuate said motor to move said 
exposure mechanism toward said ?rst terminal po 
sition. 

ll. The exposure control system of claim 6 in which: 
said drive control means includes: 

a pulse generator having an output frequency, f", 
and 

divider network means having an output, K,,, for 
deriving the initial said energizing pulse train fre~ 
quency, f,, as a submultiple of said output fre 
quencyifu; 

said directional control means is con?gured includ 
ing bistable multivibrator means having an output 
condition, R’, as said ?rst directional signal; and 

said phase control means includes gate means having 
an output condition, Kz, for introducing said initial 
energizing pulse train to actuate said motor to 
move said exposure mechanism toward said second 
terminal position in satisfaction of the Boolean ex 
pression: Kz = R'K”, 

12. The exposure control system of claim 11 in which 
said phase control means includes: 
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actuator means actuable to cause said system to com 

mence an exposure cycle; 
exposure cycle identi?cation means responsive to 

said actuator means actuation and having an out 

put state, G3; and 
said gate means is con?gured to derive an output 

condition, K1, satisfying the Boolean expression: K 2 
= G3R'K“. 

13. The exposure control system of claim 12 wherein 
said directional control means and said exposure cycle 
identi?cation means respective output conditions R’ 
and G3 are synchronous to said output, K". 

14. In an exposure control apparatus of a variety in 
cluding an exposure mechanism movable in a ?rst di 
rection to uncover an optical path and subsequently 
movable in a reverse direction to terminate an interval 
of exposure, the improvement comprising: 
stepper motor means responsive to an initial train of 
energizing pulses in the presence of a ?rst direc 
tional signal to drive said exposure mechanism to 
move in said ?rst direction, and responsive to the 
presence of a second directional signal and a subse 
quent train of energizing pulses to reversibly drive 
said exposure mechanism in said reverse direction; 

exposure evaluation means operative to derive an 
evaluation signal corresponding with an exposure 
evaluation of a scene; and 

operational cycle logic means for selectively activat 
ing said exposure evaluation means, for deriving 
said ?rst directional signal and generating said ini 
tial pulse train at a given frequency and, responsive 
to said evaluation signal within the interval of a 
pulse at said given frequency, to generate said sub 
sequent energizing pulse train and to derive said 
second directional signal. 

15. The exposure control apparatus of claim 14 in 
which said operational cycle logic means is operative to 
respond to said exposure evaluation means signal at a 
time within said terminal pulse interval coinciding with 
a sampling frequency interval representing a select 
multiple of said given frequency. 

16. The exposure control apparatus of claim 14 in 
which said operational cycle logic means includes: 
pulse generator means having a pulse output at fre 
quencwfll; 

divider network means for deriving said energizing 
pulse train at said given frequency, f,, representing 
a select submultiple of said frequency, f0; and 

coincidence means responsive to said pulse output at 
frequency, ?,, for detecting the presence of said cx— 
posure evaluation means signal in synchronism 
with a pulse at said frequency, f0. 

17. The exposure control apparatus of claim 16 in 
which said divider network means is operative to gener— 
ate said subsequent energizing pulse train in response 
to said coincidence means detection of said exposure 
evaluation signal. 

18. A photographic exposure control system com 
prising: ' 

blade means; 
means for mounting said blade means for movement 
between a position wherein it will preclude the pas 
sage of scene light therethrough and at least one 
other position wherein it de?nes an opening 
through which scene light may pass; 

means for driving said blade means from one of its 
said positions into the other of its said positions re 
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sponsive to a ?rst directional signal input and an 
input of a train of energizing pulses and for driving 
said blade means from its said other position into 
its said one position responsive to a second direc 
tional signal input and an input of a train of said en 
ergy pulses; 

means for alternatively deriving said ?rst and said 
second directional signals in a predetermined man 
ner and feeding said signals as they are derived to 
said driving means; and . 

means for developing a train of said energy pulses 
correlated to a time dependent exposure evalua 
tion of a particular scene being photographed and 
simultaneously feeding said developed energy 
pulses to said driving means so that said drive 
means initiates the actuation of said blades prior to 
the completion of the development of said train of 
energy pulses. 

19. The system of claim 18 wherein said driving 
means includes a stepper motor. 

20. A photographic exposure control system for a 
camera, the camera having means for mounting photo 
graphic ?lm material at a given focal plane, a lens for 
directing image-carrying rays from a scene along a 
given optical path to the camera focal plane, and selec 
tively operable means for initiating an exposure cycle, 
said system comprising: 
a magnetically detented stepper motor having a out 
put drive member, said motor being energizable by 
a select sequence of electrical pulses to rotate said 
output member in a step relation therewith; 

blade means; 
means for mounting said blade means for displace 
ment between one terminal position wherein it will 
preclude passage of scene light along the given op 
tical path and at least another position wherein it 
de?nes an aperture value through which scene light 
may pass to the focal plane, said blade means being 
coupled to said output drive member and config 
ured for movement therewith; 

means responsive to location of said blade means in 
said one terminal position for providing a given 
output signal; and 

means responsive to the exposure initiating means in 
the presence of said given output signal for gener 
ating a ?rst predetermined sequence of electrical 
pulses to selectively energize said motor in a ?rst 
directional sense to displace said blade means from 
said one terminal position to initiate an exposure 
interval during which scene light is directed to the 
focal plane and, in correlation with an evaluation 
of the scene being photographed, for subsequently 
generating a second predetermined sequence of 
electrical pulses to selectively energize said motor 
in an opposite directional sense to displace said 
blade means back to said one terminal position to 
again block the optical path thereby terminating 
the exposure interval. 

21. The system of claim 20 wherein said blade means 
is mounted for displacement between said one terminal 
position and a second terminal position wherein it de 
?nes a maximum aperture value, and said system addi 
tionally including means, responsive to energization of 
said motor to displace said blade means to said second 
terminal position, for terminating the energizing of said 
motor so as to minimize power consumption when said 
blade means reaches said second terminal position. 
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22. The system of claim 20 wherein said means re 
sponsive to the location of said blade means in said one 
terminal position includes switch means con?gured to 
be engaged by said blade means when said blade means 
is in its said one terminal position and providing a ?rst 
output signal when said blade means is located in said 
one terminal position and a second output signal when 
said blade means is located in other than said one ter 
minal position, said means for generating said ?rst pre 
determined sequence of pulses is responsive to the ex 
posure initiating means in the presence of 'said ?rst out 
put signal and for generating said second predeter 
mined sequence is responsive to said scene evaluation 
in the presence of said second output signal. 
23. An exposure control system of a variety including 

an exposure mechanism actuatable in response to an 
exposure initiation signal and an input pulse train to de 
?ne changing aperture values unblocking an exposure 
path to initiate an exposure interval and then actuat 
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able in response to an exposure termination signal to 
block the exposure path to terminate the exposure in 
terval, and means deriving a time dependent evaluation 
signal corresponding with an exposure evaluation of a 
scene, said system comprising: 
means for generating one pulse train at a ?rst fre 
quency for actuating the exposure mechanism and 
for generating another pulse train at a second fre 
quency which is a multiple of said given frequency; 
and 

means responsive to said evaluation signal for provid 
ing said termination signal, said means for provid 
ing said termination signal including means for de 
tecting the presence of said exposure evaluation 
signal in synchronism with a pulse at said second 
frequency to provide a sampling rate which is a 
multiple of said ?rst frequency. 

>l< * * * >l< 


