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57) ABSTRACT 
A light control system includes a switching means, a 
light sensing means, a signal conditioning means and a 
light producing means inter-connected with the light 
sensing means connected to the signal conditioning 
means by only two wires. The switching means is 
selectively operable for generating a flash signal to ef 
fect the apparent production of a source light from the 
light producing means for the illumination of a scene. 
Gating means activates the normally insensitive light 
sensing means to respond to light from the scene when 
a flash signal is generated. A signal to effect the ap 
parent termination of the source light is generated by 
the light sensing means when sufficient light is 
received from the scene. Dynamic anticipation means 
provide a time varying compensation corresponding to 
the light intensity-time variation characteristic of 
flash-type light producing means. 

38 Claims, 3 Drawing Figures 
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CoMPUTER FLASH WITH REMOTE SENSOR AND 
Two-WIRE CONTROL OF FLASH FIRING AND 

QUENCH 

The subject matter disclosed but not claimed herein 
is disclosed and claimed in the copending application 
of Francis T. Ogawa, Ser. No. 108,876, and the co 
pending application of Roger D. Erickeson, Ser. No. 
108,877, both filed on even date herewith. 
The present invention relates generally to light con 

trolling systems and more particularly to an improved 
photographic light controlling system and method 
using computer flash techniques. 
Electronic photographic flash devices are known in 

the art in which the flash of light produced by the flash 
tube of the device is automatically terminated after a 
predetermined total quantity of light has been received 
from the scene being photographed, by a light respon 
sive control portion of the device. 
While such devices have been generally satisfactory, 

there has still existed a need for improved apparatus 
wherein the actuation of the light terminating means is 
effected even more accurately and more reliably under 
varying conditions than has been realized through the 
use of prior art devices. 

Specifically, there has existed a need for improved 
automatic flash apparatus having grater accuracy, that 
is, apparatus wherein precisely the same total quantity 
of light from a subject is caused to reach a light sensi 
tive film in a camera regardless of the camera to subject 
distance. It has been the tendency of previously known 
devices to provide excessive amounts of light when the 
camera to subject distances are small. 

In prior art photographic systems, light sensing 
means have been mounted on or made a part of a light 
producing means which, in turn, has been connected to 
a camera means with a standard two conductor con 
nection therebetween. When, however, a light sensing 
means is mounted on or made a part of the camera 
means, a minimum of three conductors has been re 
quired to connect the combination camera-light sens 
ing means with an associated light producing means. 
Additionally, distinct advantages may be obtained by a 
photographer when the light sensing means of a com 
puter-flash system is used as an independent member 
of the system mechanically detached from both the 
camera means and the light producing means. That ar 
rangement is similar to the first mentioned arrange 
ment in that at least a three wire connection has been 
required between the light sensor and the light produc 
ing means. Since two wire cables and connections are 
of standard manufacture, there is a need for a light con 
trolling system requiring only a two wire connection 
between the light sensing means and the light produc 
ing means when the light sensing means is either 
mounted on or made a part of a camera means, or is 
mechanically detached from both the camera means 
and the light sensing means. 
There has also existed a need for an improved auto 

matic flash apparatus having greater reliability, specifi 
cally, apparatus in which the light terminating means is 
prevented from being actuated by extraneous condi 
tions or events, and is enabled only when it properly 
should be, that is, when the flash tube of the apparatus 
itself has been fired. Some previously known devices 
have often exhibited deficiencies in this respect. 
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It is accordingly an object of the present invention to 

provide an improved light controlling system which ob 
viates the disadvantages of the prior art systems. 

It is another object of the present invention to pro 
vide an improved photographic system which dynami 
cally compensates for various subject to camera dis 
tances automatically. 

It is a further object of the present invention to pro 
vide an improved computer-flash system in which the 
reliability of operation is increased by preventing the 
untimely operation of the light producing means, that 
is, by preventing the light producing function from 
being initiated by noise, the flashing of other flash ap 
paratus, and other extraneous causes. 

It is still a further object of the present invention to 
provide an improved computer flash photographic sys 
tem wherein the firing of the flash device is the condi 
tion precedent which enables the light sensing function 
of the system. 

It is yet another object of the present invention to 
provide an improved computer flash photographic sys 
tem which requires only a two wire connection be 
tween the light sensing means and the light producing 
CS. 

It is yet a further object of the present invention to 
provide an improved method of monitoring and con 
trolling a control effect from a remote location. 

In accomplishing these and other objects, there has 
been provided in accordance with the present inven 
tion, an improved light controlling or photographic sys 
tem including a switching means, a light sensing means, 
a signal conditioning means, and a light producing 
means. The switching means may be included as part 
of a camera means. The above mentioned means are 
interconnected with the connection between the light 
sensing means and the signal conditioning means com 
prising only two signal conductors. The switching 
means is selectively actuated to activate the light pro 
ducing means for providing a source light which illumi 
nates a scene. When the light producing means is acti 
vated, the light sensing means is enabled and begins to 
sense the scene light or the light received from the illu 
minated scene. When the light sensing means has re 
ceived a predetermined amount of light from the illu 
minated scene, the light quenching signal is generated. 
Dynamic anticipation means is included in the light 
sensing means whereby the nonlinear nature of the 
light intensity created by the light producing means is 
automatically compensated for, thereby minimizing the 
otherwise unavoidable overexposure error apparent 
when the distance between the object being photo 
graphed and the camera means is relatively small. The 
light quenching signal is received by the signal condi 
tioning means and is effective to apparently terminate 
the light emitted from the light producing means. 
A better understanding of the present invention may 

be had from the following detailed description when 
read in connection with the accompanying drawings in 
which: . 

FIG. 1 is a schematic diagram of a light producing 
means, considered to be known in the art. 
FIG. 2 is a schematic diagram of a light sensing 

means, a signal conditioning means and the input ter 
minals of the light producing means shown in FIG. 1 as 
incorporated in one embodiment of the present inven 
tion. 
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FIG. 3 is a schematic diagram of a light sensing 
means, a signal conditioning means and the input ter 
minals of the light producing means shown in FIG. 1, 
as incorporated in a second embodiment of the present 
invention. 
Referring in more detail to FIG. 1, there is shown a 

flash or light producing means including a capacitor 2 
connected between two terminals 3 and 7. The two ter 
minals 3 and 7 are connected to the usual capacitor 
charging means which are not shown in FIG. 1. Such 
capacitor charging means are well known in the art and 
it is sufficient to say that the capacitor 2 is normally 
maintained in the charged state by the aforementioned 
capacitor charging means, a relatively high voltage 
being maintained across the capacitor 2. The capacitor 
charging means and the capacitor 2 act as an energy 
source means since the voltage appearing across the ca 
pacitor 2 provide the sole source of energy for the sys 
tem. The high voltage terminal 3 is connected to a bus 
6; the common terminal 7 is connected to a bus 8. A 
flash tube or light producing tube 4 is shown with its 
anode connected to the bus 6 and its cathode con 
nected to the bus 8. A light triggering terminal 5 of the 
flash tube 4 is coupled through a transformer T1 to one 
terminal of a capacitor 10. The other terminal of the 
capacitor 10 is connected to an input terminal F. The 
transformer T1 has a common terminal connected to 
the bus 8. A light terminating tube or quench tube 12 
is shown connected between the bus 6 and the bus 8. 
A triggering terminal 13 is connected through a trans 
former T2 to one terminal of a capacitor 14. The other 
terminal of the capacitor 14 is connected to an input 
terminal Q. The transformer T2 has a common termi 
nal connected to an output terminal QC. The high volt 
age bus 6 is brought out to an input terminal V while 
the common bus 8 is brought out into an input terminal 
C. 
FIG. 2 shows a light sensing means 15, a signal condi 

tioning means 75 and five terminals V.F.O.QC, and C, 
of the light producing means 1. The light sensing means 
15 has two input terminals 9 and 11. These terminals 
may be connected to the terminals of any switching 
means for example switch 5, which is selectively opera 
ble to provide a closed contact. In a photographic sys 
tem, for example, the switch 5 may be the shutter 
switch of a camera. Input terminal 9 is connected 
through a resistor 16 to a common point 18. The paral 
lel combination of a resistor 20 and a capacitor 22 con 
nects the common point 18 to a common bus 24 of the 
light sensing means 15. The other input terminal 11 is 
connected to a bus 26. The bus 26 is connected 
through two serially connected resistors 30 and 32 to 
the common bus 24. The resistor 32 is a slidewire resis 
tor and has a slider 34 which connects to a junction 36. 
A capacitor 38 connects the junction 36 to the com 
mon bus 24. A light activated silicon controlled recti 
fier (LASCR) provides a cathode to anode connection 
from the junction 36 to the common point 18. The gate 
electrode of the LASCR is connected through a capaci 
tor 44 and a resistor 46 to the common bus 24. A ca 
pacitor may be connected between the gate and cath 
ode terminals of any LASCR shown in the drawings to 
insure against undesirable noise triggering. The collec 
tor-emitter path of an NPN transistor 48 connects the 
gate terminal of the LASCR 40 to the common bus 24. 
The base terminal of the transistor 48 is connected 
through a resistor 54 to a bus 52. A capacitor 56 is con 
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nected across the resistor 54. The bus 52 is connected 
to the bus 26 through the collector-emitter path of an 
NPN transistor 50. A capacitor 39 connects the bus 26 
to the common bus 24. The base terminal of the NPN. 
transistor 50 is connected to a common point 60 which 
is, in turn, connected through the cathode to anode 
path of a zener diode 68 to the common bus 24. The 
common point 60 is connected to the collector termi 
nal of the transistor 50 through a resistor 62. A capaci 
tor 58 is connected between the emitter terminal of the 
transistor 50 and the common point 60. The common 
point 60 is also connected to the anode of a diode 64, 
the cathode of which is connected to the bus 52. The 
bus 52 is connected to the bus 24 through the collector 
emitter path of an NPN transistor 66. The base termi 
nal of the transistor 66 is connected through a resistor 
72 to the common point 18. A capacitor 70 is con 
nected across the resistor 72. The bus 52 is connected 
to an output terminal 74" of the light sensing means 15. 
The common bus 24 is connected to a second output 
terminal 76' of the light sensing means 15. 
A signal conditioning means 75 has two input termi 

nals 74 and 76 connected, respectively, to the corre 
sponding output terminals 74" and 76' of the light sens 
ing means 15. The input terminal 76 is connected to a 
common bus 82 of the signal receiving means 75. The 
common bus 82 is connected to a signal conditioning 
means output terminal C" and also, through two serially 
connected resistors 80 and 78, to another output termi 
nal V'. The common point between the resistors 78 and 
80 is connected to the signal conditioning means input 
terminal 74 and also, through a capacitor 84 to a com 
mon point 86. The common point 86 is connected 
through a resistor 88 to the gate terminal of a silicon 
controlled rectifier (SCR) 90. The gate terminal of the 
SCR 90 is connected to the common bus 82 through a 
resistor 92. The cathode terminal of the SCR 90 is di 
rectly connected to the common bus 82 while the 
anode terminal is connected to an output terminal Q 
of the signal conditioning means 75. The common 
point 86 is also connected through a resistor 102 to a 
common point 99 between the cathode of an SCR 98 
and the anode terminal of a diode 100. The gate termi 
nal of the SCR 98 is connected to the cathode terminal 
of the diode 100 which is, in turn, connected to the 
common bus 82. The anode terminal of the SCR 98 is 
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connected to an output terminal F of the signal condi 
tioning means 75. Output terminal V' and output ter 
minal F" are connected together through a resistor 96. 
The output terminal V' is connected to output terminal 
Q" by a resistor 94. The four output terminals V', F', 
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Q and C of the signal conditioning means 75 connect 
to correspondingly labeled input terminals V, F, Q and 
C of the light producing means 1. For the proper opera 
tion of the embodiment shown in FIG. 2, the input ter 
minals QC and C of the light producing means;1 are 
connected together. The signal conditioning means 75 
and the light producing means 1 together comprise a 
signal responsive means which cooperates with the re 
motely located sensing means 15 in a manner as is here 
inafter described. 

In FIG. 2, the signal conditioning means 75 has its 
output terminal V' connected to the input terminal V 
of the light producing means 1. The voltage appearing 
at the terminal V is determined by the charge on the ca 
pacitor 2 (FIG. 1) as provided by the capacitor charg 
ing means as hereinbefore explained. With the SCR 98 
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nonconducting, the resistor 96 provides a current path 
from the signal conditioning means output terminal V' 
to the output terminal F'. The capacitor 10 of FIG. 1 
will be charged to a value representative of the voltage 
at the terminal F". When the SCR 98 goes into conduc 
tion it provides a low impedance discharge path for the 
capacitor 10. The capacitor 10 is then rapidly dis 
charged. That action induces a triggering pulse to ap 
pear at the flash tube triggering terminal 5 and initiates 
conduction in the flash tube 4. Since the rapid dis 
charge of the capacitor 10 produces a ringing action in 

10 

the LC circuit of the capacitor 10 and the transformer 
T1, the SCR 98 will automatically turn off after a trig 
gering pulse has been provided when the SCR 98 anode 
voltage is reduced to a level below its threshold voltage. 
Similarly, the resistor 94 provides a connection be 
tween the output terminal V' and the output terminal 
O'. The capacitor 14 of FIG. 1 is charged to a steady 
state value through the resistor 94 from the high volt 
age lead V'. When the SCR 90 is made conductive, a 
discharge path is provided for the capacitor 14 and a 
rapid discharge will occur. That rapid discharge will in 
duce a triggering pulse to appear at the triggering ter 
minal 13 of the quench tube 12. The quench tube 12 
will then begin conduction and since the quench tube 
12 has a much lower conducting impedance than the 
flashtube 4, the capacitor 2 will be effectively short 
circuited by the quench tube 12. That short-circuiting 
action will cause the charge on capacitor 2 to rapidly 
discharge thereby lowering the voltage of the bus 6 to 
a point insufficient to support ionization of the flash 
tube 4 which then turns off. The SCR 90 will automati 
cally turn off after a triggering pulse has been provided 
to the quench tube. The automatic turn-off is a conse 
quence of the ringing action through the circuit of the 
capacitor 14 and the transistor T2 as hereinbefore ex 
plained. A decrease in the voltage appearing at the 
input terminal 74 will be coupled through the capacitor 
84 and the resistor 102 to the cathode terminal of the 
SCR 98. The gate terminal of the SCR 98 is clamped 
to the bus 82. The circuit biasing components associ 
ated with the SCR 98 so valued that when the negative 
going or "initiate' signal appears at the input terminal 
74, the SCR 98 will become conductive and initiate the 
operation of the signal responsive means to provide an 
effect which in the present example is the production 
of light. Similarly, when a positive going or "terminate' 
signal appears at the input terminal 74 of the signal re 
ceiving means 75, the SCR 90 becomes conductive. 
When SCR 90 becomes conductive, conduction in the 
quench tube is initiated, resulting in the termination of 
the effect produced by the signal responsive means 
which in the present example is the termination of the 
light given off by the flash tube 4. Therefore, a negative 
going or "initiate' signal at the input terminal 74 of the 
signal conditioning means 75 is operative to initiate the 
operation of the flashtube and the production of light 
thereby; while a positive going or "terminate" signal at 
terminal 74 is operative to effect the termination of the 
flash tube light. 
The circuit of the light sensing means 15 operates to 

provide the negative going and the positive going sig 
nals at the output terminal 74". The two input terminals 
9 and 11 of the light sensing means 15 may be con 
nected to any switching means of a light controlling sys 
tem but for purposes of the present example it will be 
assumed that the terminals 9 and 11 are connected to 
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6 
the shutter switch of an associated camera as may be 
used in a photographic system. Generally, in the opera 
tion of computer flash devices used in photographic 
systems, the shutter switch of a camera is closed and a 
light producing means is activated thereby providing 
light for a scene to be photographed. A light sensing 
means measures the light received from the scene to be 
photographed and is effective to terminate the appar 
ent light given off by the light producing means when 
a predetermined amount of light has been received by 
the light sensing means. 

In FIG. 2, the voltage appearing between the output 
terminals V' and C' of the signal conditioning means 75 
is divided by the resistors 78 and 80. The voltage at the 
junction of the resistors 78 and 80 is applied to the out 
put terminal 74" of the light sensing means 15. The bi 
asing circuitry associated with the transistor 50 effects 
the conduction of the transistor 50 when a steady state 
voltage appears at the terminal 74'. The current flow 
ing through the transistor 50 charges the capacitor 39 
to its steady state voltage. That voltage is divided by the 
two resistors 30 and 32. Normally there is an open con 
tact between the input terminals 9 and 11 of the light 
sensing means 15, and therefore, no voltage appears at 
the common point 18. Since no voltage is at the com 
mon terminal 18, the transistor 66 is nonconductive 
and there is no power applied to the LASCR 40. The 
voltage at point 74 is applied to the base terminal of 
the transistor 48 and operates to bias the transistor 48 
on which provides a discharge path for the capacitor 
44. When the LASCR 40 is enabled, a current is gener 
ated through the gate terminal of the LASCR 40 and 
accumulates on the capacitor 44 if the transistor 48 is 
OFF. Since normally the transistor 48 is conductive, no 
charge is normally allowed to be stored on the capaci 
tor 44, thereby eliminating the possibility that the 
LASCR 40 will be actuated by ambient light. 
When a switching means such as the shutter switch 

S of the camera provides a closed contact between the 
input terminals 9 and 11 of the light sensing means 15, 
the voltage stored by the capacitor 39 causes a current 
to flow from the bus 26 through the shutter switch S 
and through the resistor 16 to the common point 18 
and then through the resistor 20 to the common bus 24. 
The capacitors 22 and 70 accumulate a charge repre 
sentative of the voltage appearing at point 18. That 
voltage is applied through the resistor 72 to the base 
terminal of the transistor 66, and is effective to turn on 
the transistor 66. When the transistor 66 begins to con 
duct the voltage appearing at the output terminal 74' 
of the light sensing means 15 exhibits a sudden de 
crease. That sudden decrease in voltage at terminal 74' 
represents the signal which, as previously mentioned, 
causes the flashtube to fire. The voltage decrease ap 
pearing at the terminal 74 is coupled through the 
diode 64 to the base terminal of the transistor 50. 
Therefore, when the transistor 66 begins to conduct the 
transistor 50 is turned off. The decrease in voltage at 
the terminal 74' is also coupled to the base terminal of 
the transistor 48 through the resistor 54, whereupon 
the transistor 48 ceases to conduct. With the voltage 
present at the common point 18 and the transistor 48 
nonconducting, the LASCR 40 is enabled to generate 
a current through its gate terminal representative of the 
amount of light received from a scene being illumi 
nated by the flashtube 4. That current is accumulated 
on the integrating capacitor 44. The resistor 46 pro 
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vides a measure of anticipation as described in U.S. 
Pat. No. 3,519,879 by F. T. Ogawa which is assigned to 
the assignee of the present invention. The charge 
stored by the capacitor 38 as represented by the volt 
age at the point 36 provides a threshold voltage which 
predetermines the amount of light which must be re 
ceived by the LASCR 40 before the LASCR 40 be 
comes conductive. When the voltage as represented by 
the charge stored on the capacitor 44 as biased by the 
resistor 46, and the voltage as represented by the 
charge stored on the capacitor 38 attain a predeter 
mined relationship the LASCR 40 becomes conduc 
tive. When the LASCR 40 becomes conductive, a low 
resistance path is provided from the common point 18 
to the common bus 24. The capacitors 22 and 70 will 
now discharge through the LASCR 40, and the voltage 
at the common point 18 will decrease thereby turning 
off the transistor 66. When the transistor 66 is turned 
off, the voltage at the output terminal 74' will suddenly 
increase since a relatively higher resistance is intro 
duced between the terminals 74' and 76. That increase 
in voltage will effect the operation of the quench tube 
and thereby terminate the production of light from the 
flash tube 4, as hereinbefore explained. The increased 
voltage appearing at the output terminal 74" of the light 
sensing means 15 will again cause the transistor 50 to 
conduct and the current therethrough will begin to re 
charge the capacitor 38. The increased voltage at the 
output terminal 74' is coupled through the resistor 54 
to the base of the transistor 48 and causes the transistor 
48 to become conductive, thereby discharging the ca 
pacitor 44. After the charges on the capacitors 22 and 
70 have been released through LASCR 40, the voltage 
at the common point 18 drops to a level whereat the 
LASCR 40 is returned to its normally disabled state. 
After the initiation of conduction in the quench tube 
12, the charge stored on the capacitor 2 will rapidly dis 
charge through the quench tube 12. When the voltage 
on the anode of the quench tube drops to a value insuf 
ficient to support ionization of the tube, the quench 
tube 12 will again return to its normal nonconductive 
State. 
FIG. 3 shows a light sensing means 103 with two 

input terminals 101 and 105 which, again may be con 
nected to the terminals of any switching means, selec 
tively operable to produce a closed contact. The input 
terminal 101 is connected directly to an output termi 
nal 104" while the input terminal 105 is connected, 
through the cathode to anode path of a diode 106, to 
the other output terminal 108" of the light sensing 
means 103. The terminals 101 and 105 may be con 
nected externally to a shutter switch of an associated 
camera as hereinbefore explained in connection with 
FIG. 2. The input terminal 101 is also connected 
through the anode to cathode path of a diode or gating 
means 110 to the anode terminal of a light activated sil 
icon controlled rectifier (LASCR) 111. The anode ter 
minal of the LASCR 111 is also connected, through 
two serially connected resistors 112 and 113, to the 
output terminal 108" of the light sensing means 1103. 
The resistor 113 is a slidewire resistor having a slider 
114 connected to a junction point 116. The point 116 
is connected to the cathode terminal of the LASCR 
111 and also through a capacitor 118 to the output ter 
minal 108'. The gate terminal of the LASCR 111 is 
connected, through the series connection of a capaci 
tor 120 and a resistor 122, to the output terminal 108'. 
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The anode terminal of a Zener diode 124 is connected 
to the output terminal 108"; its cathode terminal is con 
nected to the anode terminal of the LASCR 111. The 
two output terminals 104" and 108" of the light sensing 
means 103 are connected to correspondingly desig 
nated input terminals 104 and 108 of a signal condi 
tioning means 125. The input terminal 108 is con 
nected to a bus 126. The other input terminal 104 is 
connected to a bus 128. The bus 126 is connected to 
the emitter terminal of an NPN transistor 130. The 
base terminal of the transistor 130 is connected, 
through a capacitor 132, to the common bus 128 of the 
signal receiving means 125 The base terminal of the 
transistor 130 is also connected, through a resistor 134, 
to an output terminal V' of the signal conditioning 
means 125. The common bus 128 is connected to an 
other output terminal C". The collector terminal of the 
transistor 130 is connected, through two serially con 
nected resistors 136 and 138, to the output terminal 
V'. The common point between the two resistors 136 
and 138 is connected to the anode terminal of an SCR 
140. The gate terminal of the SCR 140 is connected to 
the collector terminal of the transistor 130; the cathode 
terminal of the SCR 140 is connected to the bus 126. 
The anode terminal of the SCR 140 is also connected 

to an output terminal Q' of the signal conditioning 
means 125. A capacitor 142 connects the output termi 
nal V' with the bus 126. The bus 126 is connected to 
the anode of a zener diode 144 and also to an output 
terminal QC' of the signal conditioning means 125. 
The cathode terminal of the Zener diode 44 is con 
nected to a common point between the base terminal 
of an NPN transistor 148 and the cathode terminal of 
a diode 146. The anode terminal of the diode 146 is 
connected to the common bus 128. The collector ter 
minal of the transistor 148 is connected through a resis 
tor 150 to an output terminal F'. The output terminal 
F'' is connected to the output terminal V' through a 
resistor 154. The output terminal F' is also connected 
to the anode terminal of an SCR 156. The gate terminal 
of the SCR 56 is connected to the collector terminal 
of the transistor 148 and the cathode terminal of the 
SCR 156 is connected to the output terminal C" of the 
signal conditioning means 125. The emitter terminal of 
the transistor 148 is also connected to the output termi 
nal C''. The five output terminals V', F', Q', QC', 
and C'' are connected to correspondingly designated 
input terminals V, F, Q, QC and C of the light produc 
ing means 1 shown in FIG. 1. The signal conditioning 
means 125 and the light producing means 1 together 
comprise a signal responsive means which cooperates 
with the remotely located sensing means in a manner 
as is hereinafter described. 
The circuits shown in FIG. 3 perform the same gen 

eral function as the circuits shown in FIG. 2, however, 
the light sensing means 103 of FIG. 3 is a much simpler 
device than the light sensing means 15 shown in FIG. 
2. Additionally, the light sensing means 103 provides 
for a dynamic anticipation, as is hereinafter explained. 
The normally unpowered feature of the light sensing 
means 15 of FIG. 2 is retained in the light sensing 
means 103 of FIG.3 as is the need for only a conductor 
connection between the light sensing means and the 
signal conditioning means. The input terminals of V, F, 
Q, QC and C of the light producing means 1 are shown 
in FIG. 3 connected to the correspondingly labeled ter 
minals V', F', Q', QC' and C' of a signal condition 



3,737,721 
9 

ing means 125. The capacitor 10 of the light producing 
means is charged from the high voltage bus 6 through 
the resistor 154 of the signal conditioning means 125 
shown in FIG. 3. The capacitor 14 of the light produc 
ing means is similarly charged from the high voltage 
bus 6 through the resistor 138 of the signal condition 
ing means 125 shown in FIG. 3. The transistor 130 is 
so biased so that it is normally conducting, in a steady 
state condition. The transistor 148 is similarly biased so 
that it is normally conducting. With the transistor 130 
conducting, the gate terminal of the SCR 140 is effec 
tively. clamped to its cathode terminal and therefor 

10 

non-conductive. Similarly with the transistor 148 con 
ducting the gate terminal of the SCR 156 is effectively 
clamped to its cathode terminal thereby precluding 
conduction. When a switching means, for example a 
shutter switch S of an associated camera, provides a 
contact closure between the terminals 101 and 105 of 
the light sensing means 103, a current flows from the 
bus 126, through the diode 106, to the bus 128. At that 
time the LASCR 111 is still disabled since the diode 
110 is reverse biased. The voltage on the bus 126 de 
creases since a lower resistance path (diode 106) is 
now present between the buses 126 and 128 than was 
present before the shutter switch closure (zener 144 
and base-emitter path of transistor 148). The lower 
voltage on the bus 126 with respect to the bus 128 will 
cause the transistor 148 to turn off. With the transistor 
148 open, the current through the resistor 150 will flow 
into the gate terminal of the SCR 156 and thereby ren 
der it conductive. With the SCR 156 conducting, a rel 
atively low resistance path is presented to the output 
terminal F' of the signal conditioning means 125. That 
low resistance path operates to rapidly discharge the 
capacitor 10 shown in FIG. 1 thereby initiating the light 
producing operation of the flash tube 4 as hereinbefore 
explained. As the flash tube 4 begins to conduct the 
voltage on the bus 6 is suddenly reduced as the charge 
on the capacitor 2 is dumped through the flash tube 4. 
That sudden voltage decrease appears at the outputter 
minal V' of the signal conditioning means 125 and is 
coupled through the capacitor 142 to the bus 126. The 
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the input terminals 101 and 105 of the light sensing 
means 103 and the powering of the LASCR 111 is rela 
tively short therefore only a momentary contact is re 
quired for the switching means for the proper operation 
of the system. A portion of the current flowing through 
the resistor 112 flows through the slider 114 and begins 
to charge the capacitor 118. When the LASCR is en 
abled, a current representative of the amount of light 
monitored thereby flows through its gate terminal to 
the integrating capacitor 120 and through the anticipa 
tion resistor 122. The function of the anticipation resis 
tor 122 is fully explained in U.S. Pat. No. 3,519,879, 
supra. The capacitor 118 provides a unique type of dy 
namic anticipation in addition to the anticipation resis 
tor 122. The cooperative action in this particular por 
tion of the circuit will be hereinafter explained. For 
now, however, it is sufficient to say that when the volt 
age stored by the integrating capacitor 120 as biased by 
the anticipation resistor 122, exceeds the voltage repre 
sentative of the charge stored on the dynamic anticipa 
tion capacitor 118, the LASCR 111 becomes conduc 
tive thereby providing a low resistance path and an as 
sociated voltage decrease between the output terminals 
104 and 108'. Consequently, a similar decrease in 
voltage is developed between the bus 126 and bus 128 
of the signal conditioning means 125. That voltage de 
crease coupled through the capacitor 132 to the base 
terminal of the transistor 130 thereby causing the tran 
sistor 130 to turn off. With the transistor 130 non 
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coupling action of the capacitor 142 causes the voltage 
on the bus 126 to suddenly decrease to a negative value 
with respect to the bus 128. The negative voltage on 
the bus 126 with respect to the bus 128 is coupled to 
the light sensing means 103 through the output termi 
nals 104' and 108'. Normally, the voltage at the output 
terminal 108" of the light sensing means 103 is positive 
with respect to the voltage appearing at the output ter 
minal 104" and the gating means or diode 110 will pre 
vent conduction in the light sensing circuit since it is 
then reverse biased. However, as now apparent, when 
the flash tube 4 begins to conduct the voltage at the 
output terminal 104 of the signal conditioning means 
125 becomes positive with respect to the voltage ap 
pearing at the output terminal 108. That positive 
change in voltage acts as an "enable' signal. The diode 
110 is then forward biased and allows a current to flow 
therethrough. The diode 106 is then reverse biased 
thereby effectively disconnecting the switching means 
from the circuits. The current flowing through the 
diode 110 flows through the resistor 112 and resistor 
113. That current establishes a voltage at the anode of 
the LASCR 111 which effectively powers or enables 
the LASCR 111 to monitor light. The time interval be 
tween the actuation of the switching means connecting 
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conducting, a current will flow into the gate terminal of 
the SCR 140 thereby rendering it conductive. When 
the SCR 140 becomes conductive a lower resistance 
path is presented between the output terminals A' and 
QC' which causes the capacitor 14 of the light produc-. 
ing means 1 to dump its charge therethrough. That ac 
tion induces a triggering signal to appear at the quench 
tube triggering terminal 13, thereby initiating conduc 
tion in the quench tube 12. The rapid discharge of the 
capacitor 14 also produces a ringing action through the 
circuit including the capacitor 14 and the transformer 
T2. That ringing action is effective to turn off the SCR 
140 after the quench tube triggering signal has been 
provided. After the quench tube 12 fires, the charge 
stored on the capacitor 2 in the light producing means 
1 of the signal responsive means will disipate to a point 
where the voltage on the bus 6 is insufficient to support 
ionization in either the quench tube 12 of the flashtube 
4, and the operation or production of light by the signal 
responsive means will terminate. The charging circuit 
connected to the terminals 3 and 7 of the light produc 
ing means 1 will begin to re-charge the capacitor 2. The 
voltage appearing at the bus 6 will build up to a value 
sufficient to restore the biasing voltage required to turn 
the transistors 130 and 148 on and the system shown 
in FIG. 3 will be returned to its normal condition to 
await the initiation of another cycle. 
Dynamic anticipation acts to insure proper exposure 

of the light sensitive film in a camera even though the 
camera to subject distance is relatively small. The oper 
ation of anticipation circuitry including the integrating 
capacitor 120 the anticipation resistor 122 of FIG. 3 is 
explained in detail in U.S. Pat. No. 3,519,879 as previ 
ously mentioned. That invention essentially provided 
means whereby a turn-on voltage representative of an 
amount of light received by a light sensing means would 
automatically reflect the steep initial rise in light inten 
sity when a flash tube is initiated. The use of the capaci 
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tor 118 and the resistor 112 and the portion of the re 
sistor 113 above the slide wire 114 provides an im 
provement over the circuitry shown in the above refer 
enced patent. In that prior art device, the turn on volt 
age presented on the gate terminal of the LASCR ap 
peared when a flash tube was fired and increased por 
tionally to the light received by the LASCR. When that 
turn-on voltage exceeded a fixed threshold voltage 
present at the cathode of the LASCR, the LASCR 
would become conductive, thereby effecting the appar 
ent termination of the production of light by the flash 
tube. In prior art devices a light responsive or light 
sensing means such as an LASCR will not become con 
ductive until the voltage representative of the amount 
of light received exceeded the threshold voltage pres 
ent at the cathode terminal of the LASCR. The thresh 
old voltage which had to be exceeded had been previ 
ously set at a fixed value. For example a curve may be 
plotted with the voltage representative of the light re 
ceived as the ordinate and time as the abcissa. At a time 
T, the voltage representative of the light received will 
exceed the fixed threshold voltage on the cathode of an 
LASCR, and the LASCR will become conductive. With 
the dynamic anticipation means in the present inven 
tion, the threshold voltage is not fixed but is initially 
zero volts and is increased with time as determined by 
the RC time constant determined by the resistor 112, 
the portion of the resistor 113 above the slide wire 114, 
and the dynamic anticipation capacitor 18. Using the 
dynamic anticipation means, the threshold voltage ap 
pearing at point 116 will be exceeded by the turn on 
voltage representative of the light received by the 
LASCR 111 at a time T1 which occurs prior to the 
aforementioned time T. Therefore the LASCR 111 will 
be turned on sooner with the dynamic anticipation 
means and the over-exposure error due to additional 
light received after sufficient film exposure light has al 
ready been received, is reduced to a minimum. The 
over-exposure error, avoided through the use of the dy 
namic anticipation means herein disclosed, would be 
proportional to the light received by the camera be 
tween the two times T and T1. 
Thus, there has been provided an improved light con 

trolling or photographic system including a switching 
means, which may be part of the associated camera 
means, a light sensing means, a signal conditioning 
means, and a light producing means, inter connected 
whereby an actuation of the switching means initiates 
the production of a source light from the light produc 
ing means for the illumination of a scene, and the light 
sensing means is responsive to the scene light or the 
light received from the illuminated scene to generate a 
light terminating or quench signal effective to arrest the 
apparent production of light. The improved light con 
trolling or photographic system is characterized by the 
use of a unique dynamic anticipation means which min 
imizes the over-exposure error heretofore unavoidable 
in situations where the object to camera distance is rel 
atively small. The improved light controlling system is 
further characterized in that only two signal conductors 
are required to connect the light sensing means with 
the signal conditioning means. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. A method of monitoring and controlling from a 
first location the production at a second location re 
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mote from said first location of a control effect, com 
prising the steps of producing at said first location a 
control signal to initiate said control effect at said sec 
ond location, transmitting said control signal to said 

5 second location over a two wire connection means, 
generating at said second location an enable signal 
upon each occurrence of said control effect to enable 
at said first location the operation of means responsive 
to a second effect related to said control effect, trans 
mitting said enable signal to said first location over said 
two wire connection means, generating at said first lo 
cation a terminating signal for terminating the duration 
of said control effect upon the attainment of a prede 
termined value of said second effect, and transmitting 
said terminating signal to said second location over said 
two wire connection means. 

2. The method recited in claim 1 wherein said control 
effect is the production of light for the illumination of 
an external element, said second effect is the effective 
illumination of said external element, and all the power 
needed by said means responsive to the second effect 
is provided from said second location over said two 
wire connection means. 

3. Control apparatus comprising: 
a signal responsive means including terminal means 

for connection to an energy source means, a sens 
ing means positioned remotely with respect to said 
signal responsive means, 

a two-wire conduction means constituting the only 
connection between said sensing means and said 
signal responsive means, 

means associated with said sensing means for produc 
ing an "initiate" signal transmitted over said two 
wire connection to said signal responsive means to 
initiate the operation of said signal responsive 
means, 

all of the energy for said sensing means being sup 
plied to said sensing means over said two-wire con 
nection from said signal responsive means, 

said sensing means being operative to monitor an ef 
fect produced as a result of the operation of said 
signal responsive means, and upon the occurrence 
of a predetermined value of said effect, to produce 
a "terminate' signal transmitted from said sensing 
means to said signal responsive means over said 
two wire connection to effectively terminate the 
operation of said signal responsive means. 

4. The invention as set forth in claim 3 wherein said 
50 sensing means includes: 

means for providing a threshold signal of a varying 
time-magnitude relationship; and 

signal generating means responsive to said value of 
said monitored effect and said threshold signal for 
generating said "terminate' upon the occurrence 
of a predetermined relationship between said valve 
and said threshold signal. 

5. The invention as set forth in claim 3 wherein said 
signal responsive means includes a signal conditioning 
means coupled to a light producing means, said two 
wire conduction means being connected to said signal 
conditioning means, whereby said "initiate' signal is 
transmitted over said two wire connection to said signal 
conditioning means, said signal conditioning means 
being responsive to said "initiate' signal to generate a 
further signal for application to said light producing 
means, whereby to initiate the production of the light 
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by said light producing means for the illumination of an 
external element, 

said sensing means being operative to monitor the 
light received by said sensing means as a measure 
of the effective illumination of said external ele 
ment resulting from the operation of said light pro 
ducing means, and wherein said predetermined 
valve of said effect is a predetermined amount of 
light received by said sensing means. 

6. Control apparatus comprising: 
a signal responsive means including an energy source 
means, 

a sensing means positioned remotely with respect to 
said signal responsive means, 

electrical connection means interconnecting said 
sensing means and said signal responsive means, 

all of the energy for said sensing means being sup 
plied thereto over said electrical connection means 
from said signal responsive means, 

means associated with said sensing means for produc 
ing an "initiate' signal transmitted over said con 
nection means to said signal responsive means to 
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initiate operation of said signal responsive means, 
means including said signal responsive means for pro 
ducing an “enable' signal for said sensing means 
whenever said signal responsive means is rendered 
operative, said "enable' signal being transmitted to 
said sensing means over said electrical connection 
means, 

said sensing means being operative, in response to 
said "enable' signal to monitor an effect produced 
as a result of the operation of said signal responsive 
means and, upon the occurrence of a predeter 
mined value of said effect, to produce a "termi 
nate' signal transmitted from said sensing means to 
said signal responsive means over said electrical 
connection means to effectively terminate the op 
eration of said signal responsive means. 

7. The invention as set forth in claim 6 wherein said 
sensing means includes: 
means for providing a threshold signal of a varying 
time-magnitude relationship; and 

signal generating means actuated by said "enable' 
signal to respond to the occurrence of a predeter 
mined relationship between said value of said mon 
itored effect and said threshold signal to generate 
said "terminate' signal, whereby said "terminate' 
signal is generated at a time after said occurrence 
of said value of said effect which is a function of the 
intensity of said effect. 

8. The invention as set forth in claim 6 wherein said 
electrical connection means is comprised of only two 
wires, said two wire connection constituting the only 
connection between said sensing means and said signal 
responsive means. 

9. The invention as set forth in claim 6 wherein said 
signal responsive means includes a signal conditioning 
means coupled to a light producing means for illumi 
nating an external element, said electrical connection 
interconnecting said sensing means and said signal con 
ditioning means, 

said light producing means including said means for 
producing said "enable" signal for said sensing 
means whenever said light producing means is ren 
dered operative, 

said sensing means being operative, in response to 
said "enable' signal to monitor the light received 
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by said sensing means as a measure of the effective 
illumination of said external element resulting from 
the operation of said light producing means, and 
wherein said predetermined value of said effect is 
a predetermined amount of light received by said 
sensing means. 

10. The invention as set forth in claim 9 wherein said 
electrical connection is comprised of only two wires, 
said two wire connection constituting the only connec 
tion between said sensing means and said signal condi 
tioning means. 

11. In control apparatus including sensing means 
with first and second terminals, means associated with 
said sensing means for effecting an "initiate' signal to 
appear across said first and second terminals, the com 
bination comprising: 
a signal responsive means including an energy source 
means, 

said signal responsive means being positioned re 
motely with respect to said sensing means; and 

a two wire connection connecting said first and sec 
ond terminals of said sensing means with said signal 
responsive means, 

said two wire connection means constituting the only 
connection between said sensing means and said 
signal responsive means, 

all of the energy for said sensing means being sup 
plied to said sensing means over said two wire con 
nection means from said signal responsive means, 

said "initiate" signal being transmitted over said two 
wire connection means to said signal responsive 
means to initiate the operation of said signal re 
sponsive means, 

said sensing means being operable to monitor an ef 
fect produced as a result of the operation of said 
signal responsive means and, upon the occurrence 
of a predetermined value of said effect to produce 
a "terminate' signal transmitted from said sensing 
means to said signal responsive means over said 
two wire connection to effectively terminate the 
operation of said signal responsive means. 

12. The invention as set forth in claim 11 wherein 
said signal responsive means includes a signal condi 
tioning means coupled to a light producing means, said 
two wire connection means being connected to said sig 
nal conditioning means, whereby said "initiate" signal 
is transmitted over said two wire connection to said sig 
nal conditioning means, said signal conditioning means 
being responsive to said "initiate' signal to generate a 
further signal for application to said light producing 
means, whereby to initiate the production of light by 
said light producing means for the illumination of an 
external element, said sensing means being operative to 
monitor the light received by said sensing means as a 
measure of the effective illumination of said external 
element resulting from the operation of said light pro 
ducing means, and wherein said predetermined value is 
a predetermined amount of light received by said sens 
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ing means. 
13. In control apparatus including a sensing means, 

means associated with said sensing means for effecting 
an "initiate' signal, the combination comprising: 
a signal responsive means including an energy source 
means, said signal responsive means being posi 
tioned remotely with respect to said sensing means, 

electrical connection means interconnecting said 
sensing means and said signal responsive means, all 
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of the energy for said sensing means being supplied 
thereto over said electrical connection means from 
said signal responsive means, said "initiate' signal 
being transmitted over said electrical connection 
means to said signal responsive means to initiate 
the operation of said signal responsive means, and 

means including said signal responsive means for pro 
ducing an “enable' signal for said sensing means 
whenever said signal responsive means is rendered 
operative, said “enable' signal being transmitted to 
said sensing means over said electrical connection 
means, 

said sensing means being operative, in response to 
said “enable' signal to monitor an effect produced 
as a result of the operation of said signal responsive 
means and, upon the occurrence of a predeter 
mined value of said effect, to produce a “termi 
nate' signal transmitted from said sensing means to 
said signal responsive means over said electrical 
connection means to effectively terminate the op 
eration of said signal responsive means. 

14. The invention as set forth in claim 13 wherein 
said electrical connection means is comprised of only 
two wires, said two wires constituting the only electri 
cal connection between said sensing means and said 
signal responsive means. 

15. In control apparatus including an effect produc 
ing means which further includes an energy source 
means, said control apparatus also including a sensing 
means, and means associated with said sensing means 
for providing an “initiate' signal, the combination 
comprising: 
a signal conditioning means coupled to said effect 
producing means, said signal conditioning means 
being positioned remotely with respect to said sens 
ing means, and 

a two wire connection means constituting the only 
connection between said sensing means and said 
signal conditioning means, all of the energy for said 
sensing means being supplied to said sensing means 
over said two wire connection from said signal con 
ditioning means, - 

said “initiate" signal being transmitted over said two 
wire connection to said signal conditioning means, 
said signal conditioning means being responsive to 
said initiate signal to generate a further signal 
whereby to initiate the operation of said effect pro 
ducing means, 

said sensing means being operative to monitor an ef 
fect produced as a result of the operation of said 
effect producing means and, upon the occurrence 
of a predetermined value of said effect, to produce 
a "terminate' signal transmitted from said sensing 
means to said signal conditioning means over said 
two wire connection to effectively terminate the 
operation of said effect producing means. 

16. The invention as set forth in claim 15 wherein 
said effect producing means is a light producing means. 

17. In control apparatus including an effect produc 
ing means, an energy source means included within 
said effect producing means, a sensing means, means 
associated with said sensing means for producing an 
"initiate" signal, means included in said effect produc 
ing means for producing an "enable' signal for said 
sensing means whenever said effect producing means is 
rendered operative, the combination comprising: 
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signal conditioning means coupled to said effect pro 
ducing means, said signal conditioning means being 
positioned remotely with respect to said sensing 
means, 

5 electrical connection means interconnecting said 
sensing means and said signal conditioning means, 
all of the energy for said sensing means being sup 
plied thereto over said electrical connection means 
from said signal conditioning means, said "initiate' 
signal being transmitted over said connection 
means to said signal conditioning means, said signal 
conditioning means being responsive to said "initi 
ate' signal to generate a further signal for applica 
tion to said effect producing means whereby to ini 
tiate the operation of said effect producing means, 
said enable signal being transmitted to said sensing 
means over said electrical connection means, said 
sensing means being operative, in response to said 
enable signal to monitor an effect produced as a re 
sult of the operation of said effect producing 
means, and upon the occurrence of a predeter 
mined value of said effect to produce a "termi 
nate' signal transmitted from said sensing means to 
said signal conditioning means over said electrical 
connection means to effectively terminate the op 
eration of said effect producing means. 

18. The invention as set forth in claim 17 wherein 
said effect producing means is a light producing means, 

19. The invention as set forth in claim 17 wherein 
said electrical connection means comprises only two 
wires, said two wires comprising the only connection 
between said sensing means and said signal condition 
ing means. 

20. A signal conditioning means comprising: 
a first set of two terminals, 
a second set of four terminals, the second terminal of 

said first set being connected to the fourth terminal 
of said second set, 

a voltage divider means connecting the first terminal 
of said second set with the said fourth terminal of 
said second set, said voltage divider means having 
a pick-off terminal thereon coupled to the first ter 
minal of said first set, said voltage divider means 
being responsive to a power signal applied thereto 
for applying a control signal to said first terminal of 
said first set, 

first switching means responsive to a decrease in said 
control signal for providing an effective contact 
closure between the second terminal of said second 
set and said fourth terminal of said second set, and 

a second switching means responsive to an increase 
in said control signal for providing an effective con 
tact closure between the third terminal of said sec 
ond set and said fourth terminal of said second set. 

21. The invention as set forth in claim 20 wherein 
said first and second switching means are first and sec 
ond silicon controlled rectifiers, respectively, each hav 
ing gate, anode and cathode terminals, and said signal 
conditioning means further includes first impedance 
means connecting said anode terminal of said first sili 
con controlled rectifier to said first terminal of said sec 
ond set and second impedance means connecting said 
anode terminal of said second silicon controlled recti 
fier to said first terminal of said second set, and cou 
pling means connecting said first terminal of said first 
set jointly to said cathode terminal of said first silicon 
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controlled rectifier and said gate terminal of said sec 
ond silicon controlled rectifier. 

22. The invention as set forth in claim 21 wherein 
said coupling means is a capacitor, and said first imped 
ance means and said second impedance means are re 
sistors. 
23. A signal conditioning means comprising: 
a first set of two terminals, 
a second set of five terminals, the second terminal of 

said first set being connected to the fifth terminal 
of said second set, 

voltage divider means connecting the first terminal of 
said second set with said fifth terminal of said sec 
ond set, said voltage divider means having a pick 
off terminal thereon coupled to the first terminal of 
said first set, said voltage divider means being re 
sponsive to a power signal applied thereto for ap 
plying a control signal to said first terminal of said 
first set, 

first switching means responsive to a decrease in said 
control signal for providing an effective contact 
closure between the second terminal of said second 
set and said fifth terminal of said second set and 

a second switching means responsive to an increase 
in said control signal for providing an effective con 
tact closure between the third and fourth terminals 
of said second set. 

24. The invention as set forth in claim 23 wherein 
said first switching means comprises: 
a silicon controlled rectifier having anode, cathode 
and gate terminals, said anode and cathode termi 
nals being connected respectively to said second 
and fifth terminals of said second set; 

a first resistor connecting said anode and gate termi 
nals; 

a second resistor connecting said anode terminal with 
said first terminal of said second set; and 

a transistor having base, collector, and emitter termi 
nals said collector terminal being connected to said 
gate terminal, said emitter terminal being con 
nected to said fifth terminal of said second set, and 
said base terminal being coupled to said first termi 
nal of said first set. 

25. The invention as set forth in claim 23 wherein 
said second switching means comprises: 
a silicon controlled rectifier having anode, cathode 
and gate terminals said anode and cathode termi 
nals being connected respectively to said third and 
said fourth terminals of said second set; 

a first resistor connecting said anode and gate termi 
nals; 

a second resistor connecting said anode terminal with 
said first terminal of said second set; and 

a transistor having base, collector and emitter termi 
nals, said collector terminal being connected to 
said gate terminal, said emitter terminal being con 
nected to said first terminal of said first set, and 
said base terminal being connected to said pick-off 
terminal. 

26. The invention as set forth in claim 3 wherein sai 
means associated with said sensing means includes a 
shutter switch of a photographic camera. 
27. The invention as set forth in claim 6 wherein said 

means associated with said sensing means includes a 
shutter switch of a photographic camera. 
28. The invention as set forth in claim 20 and further 

including a light producing means responsive to said 
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contact closure between said third and fourth terminals 
of said second set whereby to provide light for the illu 
mination of an external element. 
29. The invention as set forth in claim 28 and further 

including a quench means responsive to said contact 
closure between said third and fourth terminals of said 
second set for terminating said light provided by said 
light Producing means. 

30. The invention as set forth in claim 23 and further 
including a light producing means responsive to said 
contact closure between said second and fifth terminals 
of said second set whereby to provide light for the illu 
mination of an external element. 
31. The invention as set forth in claim 30 and further 

including a quench means responsive to said contact 
closure between said third and fourth terminals of said 
second set for terminating said light provided by said 
light producing means. 
32. Control apparatus comprising: 
a signal responsive means including an energy source 
means, 

a sensing means positioned remotely with respect to 
said signal responsive means; 

electrical connection means connecting said sensing 
means with said signal responsive means; 

means associated with said sensing means for produc 
ing an “initiate' signal for transmission over said 
connection means to said signal responsive means 
to initiate an operation of said signal responsive 
means, all of the energy for said sensing means 
being supplied to said sensing means over said con 
nection means from said signal responsive means; 

said sensing means being operative to monitor an ef 
fect produced as a result of the operation of said 
signal responsive means, and, upon an occurrence 
of a predetermined value of said effect, to produce 
a "terminate' signal for transmission from said 
sensing means to said signal responsive means over 
said connection means to effectively terminate the 
operation of said signal responsive means. 

33. The control apparatus as set forth in claim 32 
wherein said signal responsive means includes a light 
producing means, said sensing means including a light 
sensing device operative to monitor light which is influ 
enced by the light produced as a result of the operation 
of said light producing means. 

34. Control apparatus comprising: 
a signal responsive means; 
sensing means positioned remotely with respect to 

said signal responsive means; 
a two-wire electrical connection means interconnect 

ing said sensing means and said signal responsive 
means; 

means associated with said sensing means for produc 
ing an "initiate' signal for transmission over said 
connection means to said signal responsive means 
to initiate an operation of said signal responsive 
means, 

means including said signal responsive means for pro 
ducing an "enable' signal for said sensing means 
whenever said signal responsive means is rendered 
operative, said "enable' signal being transmitted to 
said sensing means over said electrical connection 
means, said sensing means being operative, in re 
sponse to said "enable" signal to monitor an effect 
produced as a result of the operation of said signal 
responsive means and, upon the occurrence of a 
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predetermined value of said effect, to produce a 
"terminate' signal for transmission from said sens 
ing means to said signal responsive means over said 
electrical connection means to effectively termi 
nate the operation of said signal responsive means. 

35. The control apparatus as set forth in claim 34 
wherein said electrical connection means comprises 
only two wires, said two wire connection constituting 
the only connection between said sensing means and 
said signal responsive means. 
36. A control apparatus comprising: 
signal responsive means including a light producing 
means, 

light sensing means positioned remotely with respect 
to said signal responsive means; 

a two-wire electrical connection means interconnect 
ing said sensing means and said signal responsive 
means; 

means associated with said light sensing means for 
providing an "initiate' signal for transmission over 
said connection means to said signal responsive 
means to initiate an operation of said light produc 
ing means; . . . 

means including said signal responsive means for pro 
ducing an "enable' signal for said light sensing 
means whenever said light producing means is ren 
dered operative, said "enable' signal being trans 
mitted to said light sensing means over said electri 
cal connection means, said light sensing means 
being operative in response to said “enable' signal 
to monitor light affected by an operation of said 
light producing means and, upon the occurrence of 
a predetermined value of said affected light to pro 
duce a "terminate' signal for transmission from 
said light sensing to said light producing means 
over said electrical connection means to effectively 
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terminate the operation of said light producing 
eaS 

37. A control apparatus comprising: 
a signal responsive means; 
a sensing means positioned remotely with respect to 

said signal responsive means; 
an electrical connection means connecting said sens 

ing means and said signal responsive means; 
means associated with said sensing means for produc 
ing an "initiate' signal transmitted over said elec 
trical connection to said signal responsive means to 
initiate an operation of said signal responsive 
means, said sensing means including isolating 
means responsive to a signal received from said sig 
nal responsive means indicative of an operation of 
said signal responsive means for electrically isolat 
ing said sensing means and said signal responsive 
means from said means associated with said sensing 
means during the continuance of said signal indica 
tive of an operation of said signal responsive 
means, said sensing means being operative to moni 
tor an effect produced as a result of the operation 
of said signal responsive means, and upon an oc 
currence of a predetermined value of said effect, to 
produce a "terminate' signal transmitted from said 
sensing means to said signal responsive means over 
said electrical connection means to effectively ter 
minate the operation of said signal responsive 
caS 

38. The control apparatus as set forth in claim 37 
wherein said signal responsive means includes a light 
producing means, said sensing means including a light 
sensing device operative to monitor light which is influ 
enced by the light produced as a result of an operation 
of said light producing means. 
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