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of Delaware 

Filed May 19, 196i}, Ser. No. 30,125 
7 Claims. (6i. 349-68) 

This invention relates to electronic apparatus, and more 
particularly to electronic counting and control apparatus. 

In the complex relationships of modern activities, it 
becomes increasingly important to provide automatic 
means for taking count of and controlling the movement 
of individual items. An example of a situation requiring 
such improved counting and control means is the ?ow 
of vehicular tra?ic on our streets and highways. A wide 
range of conditions are imposed upon systems designed 
for this purpose. First, the system must be reliable under 
various conditions of ambient lighting, from brilliant sun 
light to dark of night; under various conditions of arn~ 
bient temperature, from tropic heat of summer to the 
freezing cold of winter. It must be capable of producing 
a reliable signal under various conditions of road surface 
including blacktop, macadam, or concrete. The situation 
is further complicated in that the signals must continue 
to be reliable even though the ambient conditions change 
considerably. For example, one condition is presented 
to the system when the roadway is hot and dry, a con~ 
siderably different ambient condition prevails during and 
followinga rain or snowfall, leaving the roadway either 
wet or snow covered. Again, the situation is still further 
complicated by the variations in velocity and frequency 
of, the passage of the vehicles as well as the variations 
in the spacing between vehicles. 

_ It is an object of the present invention to provide an 
improved system for sensing and signaling the passage of 
objects past a sensing station. 

It is another object of this invention to provide a 
sensing and signaling system as set forth which is espe 
cially adapted for use as a roadway vehicular trai?c 
sensing and signaling system. 7 

It is a further object of this invention to provide an 
improved trailic sensing and signaling system which is 
capable of meeting all of the requirements set forth above. 
Previous traflic sensing and signaling devices have, for 

one reason or another, required considerable ancillary 
hardware for their installation such as pressure plates 
imbedded in the roadbed or special support poles and 
means, such as’ special mounting arms, to support the 
sensing means directly over the tra?ic lane to be sensed. 

It'is a~still further objectof tln's invention to provide 
‘an improved tra?ic sensing and signaling means which 
requires little or no ancillary hardware for its installation 
but may be mounted conveniently high on available utility 
poles at the side of the roadway and aimed at the lane 
or lanes to be sensed. 

It is yet another object of this invention to provide a 
trailic sensing and signaling system which is relatively 

’ inexpensive in initialv cost and in operation and which 
requires little or no maintenance or attention. 
In accomplishing these and other objects, there has been 

provided, in accordance with the present invention, an 
‘object ‘sensing and ‘signaling system which features a 
source of infra-red radiation and, means for focusing the 

3' beam therefrom onto the path to‘be followed by the object 
.to be sensed. An infra-red sensing means is positioned 
to receive re?ections of the‘emitted beam. Signals from 
the sensing means are applied as input signals to a tran 
sistor ampli?er. From the transistor ampli?er, the am 
pli?ed signals are applied, ?rst, to an output control cir 
cuit, and, second, to av feedbaclccircuit. The feedback 
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circuit is characterized in that the signals developed there 
in are applied to control the intensity of the radiation 
from the infra-red source, thereby to maintain the am 
bient condition “seen” by the sensing device substan 
tially constant. With this arrangement, the system be 
comes self compensating for any of the several anticipated 
conditions as well as for changes in the internal condition 
of the apparatus. 1 

A better understanding of this invention may be had 
from the following detailed description when read in 
conjunction with the accompanying drawings, wherein: 

FIG. 1 is a graphical representation of a traffic sensing 
and signaling system embodying the present invention and 
shown in situ; I , 

FIG. 2 is a schematic circuit diagram of a system em 
bodying the present invention; and 
FIG. 3 is a graph representing certain signal relation 

ships occurring in the circuit shown in FIG. 2. 
Referring now to the drawings in more detail, there is 

shown in FIG. 1 a representation of a traffic sensing and 
signaling means 2 mounted on a utility pole 4 by the 
side of a roadway 6. From the apparatus 2 there is shown 
a broken line 8 representing a beam of infra—red radia- ' 
tion, emanating from the apparatus 2, impinging on the 
surface of the roadway, and, because of the inherent 
roughness of the road surface, being re?ected, at least in 
part, back to the apparatus 2. As a vehicle passes along 
the roadway and into the beam 8, the character of the 
re?ected beam will be changed, as will be more fully 
set forth hereinafter, by the surface of the vehicle. The 
apparatus 2 detects this change in re?ection to produce 
a signal in accordance therewith. The signal thus pro 
duced may be used to actuate a counter which may, in 
turn, be used to merely accumulate statistical data or may 
he used to automatically program the actuation of asso 
ciated traffic control signals. > 

Suitable apparatus for the sensing and signaling means 
2 is shown in substantial detail in FIG. 2. An infra-red 
radiation sensing means such as a lead-sulphide cell 10 
is positioned to receive radiation from the surface of the 
roadway 6 (FIG. 1) through suitable focusing optics rep 
resented by a lens 12. The cell 10 is connected at one 
end to a power supply bus 14 and, at the other end is 
connected to ground through the primary winding 16 
of a coupling transformer 18. The transformer 13 has 
a secondary winding 20 to which is coupled the input 
stage 22 of a transistor ampli?er. The transistor am 
pli?er further includes, as successive stages of ampli?ca 
tion transistors 24, 26, 28 and 3%. Between the output 
of the transistor 26 and the input of the transistor 23 
there is connected a series tuned coupling network in~ 
eluding a capacitor 32 and an inductor 34. As will be 
shown hereinafter, the control signal applied to the input 
of the system is chopped at a predetermined frequency, 
say 400 cycles per second. The just mentioned tuned 
network is tuned substantially to that frequency to elin1~ 
inate the effect of spurious signals on the subsequent ele 
ments of the system. 
The output of the last stage 3t? of the transistor am 

pli?er is coupled to the primary winding 36 of a coupling 
transformer 38. The transformer 38 has a center-tapped 
secondary winding 40. Each of the extreme ends of the 
secondary winding 40 of the transformer 38 is con 
nected to the base electrode of a transistor 42., 44 respec 
tively. The center-tap of the secondary 46) is grounded. 
The emitter electrodes of the two transistors 42 and 44 
are connected through a suitable ?lter to ground; The 
two collector electrodes are connected together to pro 
vide a DC. output signal which is a function ‘of the 
signal detected by the detector element it). Thus, the 
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transformer 33 and the two transistors 42 and 44 con 
stitute a full-wave recti?er circuit. 1 

The recti?ed output from the recti?er is applied through 
a series of crystal diodes to a corresponding group of 
transistors. A ?rst crystal diode 46 is connected between 
the output of the recti?er and the base electrode of the 
transistor 48. Similarly, this second diode 51) is con 
nected between the output of the recti?er and the base 
electrode of the transistor 52. Again, diode 54 is con 
nected between the output of the recti?er and the base 
electrode of the transistor 56. And further, diode 58 is 
connected between the output of the recti?er and the base 
electrode of the transistor 69. With the foregoing arrange 
ment the output signal from the recti?er may be applied 
to each of the four transistors with the crystal diodes pro 
viding the necessary isolation to prevent interaction be 
tween the respective transistors. 
transistors 4d and 52 are of one conductivity type while 
the transistors 56 and 6d are of the opposite conductivity. 
The purpose of this arrangement will appear more fully 
hereinafter. - ' 

The bias voltage for these four transistors as well’ as 
for subsequent transistors is obtained by a voltage divider 
comprising a series string of resistors connected between 
the negative voltage supply V— and ground. These re 
sistors 62, 64, 66, 68, 7t) and 72, respectively, are ar 
ranged to give progressively di?erent levels of bias signal 
as will be seen to be necessary. Thus the emitter of the 
transistor 48 is connected to the junction between the re 
sistors 7t) and 72. The emitter of the transistor 52 is 
connected to the junction between the resistor 68 and 7 t). 
Similarly, the emitter of the transistor 56 is connected 

‘ tothe junction between the resistors 64 and '66, while. 
the emitter of transistor 69 is connected to the junction‘ 
between resistors 62 and 61%. The. junction between re 
sistors 6d and 68 is nominally at the same static level as 
the recti?ed output from the transistors 42 and 44. ‘ 
The collector output'of the transistor 48 is applied to‘ 

the base input of a subsequent transistor 74. Similarly ' I 
the collector output of the transistor 6th is directly coupled 
to the base input of a subsequent transistor 76., In a 
like manner, the collector output of the transistor 52 is 
directly coupled to the base input of the transistor 78' 
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and the collector output of the transistor 56 is connected ' 
to the base input of the transistor ?ll. The collectorof 
the transistor '74 is connected to the V— supply line 
while the collector of transistor 76A islconnected to 
ground. The junction between the resistors 66 and 68, _‘ 
forming the bias voltage-divider center point, is connected 
through a ?rst crystal diode'82 to one end of the coil 84 
of the relay 86. The emitter of transistor 74 is also con 
nected to the'sarne end of the relay coil 84. The same 

_ junction between ‘the resistors, 66 and 68, is also con 
nected through a similar crystal diode 8% to the opposite 
end of the relay coil E34 and to the emitter of the tran 
sister ‘76. 
opposite polarity. A capacitor 90 is connected between: 
the collector and the emitterzof the transistor '74. Similar 

50 

it is to be noted the diodes S2 and 88 are of ~ 

ly a capacitor 92 is connected between the emitter and ' 
the collector of the transistor '76. The junction between 
the resistors 66 and 68 is also connected to the emitters 
of both transistors 78 and 34}, the two emitters being con- . 
nected together. The collector of the transistor 7 8'is con 
nected through the energizing coil of a relay 94 to the V—~' ~ 7 
power supplyline. A capacitor 96 is connected between 65 
thecollector and the base of'the transistor 73. In-a like ' 
manner, the collector of the transistor S43 is connected 
through" the energizing‘ coil'of a relay 9% to ground. 'The 
capacitor 1% interconnects the base and the collector of‘ 
‘the transistor-8h. Relay 86 when energized controls the 
vactuation of a movable blade 102'between a ‘pair of?xed 
contacts 1&4. These three’ contacts are arranged for con 
nection to a suitableutilization apparatus as an output’ 
means. . ' ~ ' _ 

' The relay 94 also includes a movable blade operating 

4 ' _ . 

between a pair of ?xed contacts, as does the relay 9%. 
The movable contact of the relay 94 is directly connected 
to the movable contact of the relay 98. The upper ‘or 
normally closed contact ofthe relay'94 is directly con 
nected to the upper and normallyclosed contact of the 
relay 9%. Both of these contacts‘ are connected toone 
terminal of an alternating current source. The lower and 
normally open contact of the relay 94'is connected through 
the ?eld winding 198 of a low speed synchronous motor 
110 to the other terminal of the alternating currents 
source. Similarly the lower and normally open contact 
of the relay 98 is connected through the ?eld winding 112 
of a substantially identical motor 114 to the‘ opposite ter 
minal of the alternating current source. The motors 11d 
and 114 are arranged for rotation in opposite directions 
with respect to each other when one or the other is ener 

' gized by the closing of the relay 94 or the relay 28, re 
spectively. ‘ . 

The motors 110 and 114 are arranged to control’ the 
position of a slider 116 along a slidewire 118. Therslide 
wire 118‘is connected in‘ a voltage divider 'across the out 
put- of the power'supply source. The supply source in 
cludes means for connection to an A.C. source 120 which 
is connected to the primary winding of a transformer 
122. The secondary winding of the transformer 122 is 
connected in a conventional full-wave recti?er arrange 
ment with a pair of diodes 124 and suitable ?ltering. The 
voltage divider network including the slidewire 7118 is 

. connected across the output terminal of this full wave 
recti?er. The slider 7116' of this slidewire 118 is con 
nected to the base electrode of a transistor 126. The 
transistor 126 comprises acontrol element for controlling 
the amount of current fed, from the power supply through 
an infra-red emitter represented as the lamp bulb ,12-8. 
The infra-red radiation emitted by the bulb 128 is passed 
through suitable optics represented ‘by the lens 130 vand 
focused on the roadway 6 (FIG. 1). 

This shutter, element is represented, as a rotary member 
which is in turn driven ata constant speed by a suitable 
motor 134Which is shown connected directly across the 
A.C. input leads. ~ ~ ' ' ' - ' 

Inasmuch as it is anticipated'that the present apparatus ' 
will be used" under extremes of climatic conditions in 
cluding those of extremely low and icy conditions'there 
has been provided a pair of heater elements 136 and 138' 
respectively connected across the A.C. supply leads and 
energized through actuation of a thermostatic switch 140. 
These heater elements are arranged to prevent the forma 
tion of ice and snow on the optical'system. ' . a’ .. 

In operation .it islassu'medthat the’ infra-red bulb 128 
is emitting a predetermined amount of radiation chopped 
by the chopper 132‘and focused by'thelens 130 on the 
‘roadway-,6. . "A portion of the choppedi'infra-reidfemis 
sion impinging onthe'roadway ‘is re?ected back through. 
the lens 12 onto the" sensing ‘element 10. The element 
710 is characterized in that’ the resistance thereof tocur-r - 
rent ?ow is changed in accordance with, the arnountof 
radiation inwimpinging thereon. It will be remembered 
that the radiation emitted by the bulb'128 is chopped at. 
a desired frequency such as 400 cycles per'second." . Thus . . 
for a constantfenergization of the bulb 128 there will‘. > 
be produced at the receiving element 10 asignal of- con.- - 
stant amplitude and, varying at9400 cycles per second; a‘ r 
This 400 cycles 'per' second signal is coupled through the 
tr-ansformer18 to the input stage 22 of the transistor 
arnpli?er.-1The. effect of 'all random". radiation other .7 ’ 
than, the 400,,cycle per' second signal‘ is eliminated ' 
through the tuned circuit including the capacitor 32 and 
the'inductor‘ 34. Thus the signal'fed to the primary. 36’ 

- of thet'ransformer 38 isrepresentative of the background 

illustrated in'VFIG. 3 as- thatp'ortion of'the signal rep-1 
cresented asfbackground.” It will be noted thatthis " 

signal as received from‘the roadway’6. This signal is 

Interposed in the. 
beam of radiation emitted by, the bulb'128 is a suitable ' 

' light chopper represented‘ by the shutterelement 132. 
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signal falls between the dotted lines “b” and “c” in so 
far as the amplitude indication is concerned. Consider 
ing only this portionvof the signal as it effects the re 
mainder of the apparatus, it may be seen that this sig 
nal is fed to the recti?er including the transistors 42 and 
44. 'Let it be assumed that the V— supply has a value 
of —20 volts. The static output condition of the recti 
?er is chosen to be at —10 volts. The bias values estab 
lished for the transistors 52 and 56 by the voltage divider 
resistors 62 through 72 are such that these two transis 
tors are biased into heavy or saturated conduction. With 
this conductivity condition of the transistors 52 and 56, 
the transistors 78 and 80 are biased to cut-o?f and both 
relays 94 and 98 remain unenergized. Assume now 
that the amplitude of vthe signal fed to the primary 36 of 
the transformer 38, for some reason or another, increases 
slightly over a long term period. This increase in signal 
will be expressed as an increase in the signal level put 
out by the recti?er and applied as input to, the transistor 
52. The increasing signal applied to the base of the 
transistor 52 reduces its conductivity, thereby changing 
the bias on the transistor 78, allowing it to become con 
ductive, the emitter of the transistor 78, being referenced 
to the center point of the voltage divider represented by 
the resistors 62 through 72. As the transistor 78 be 
comes conductive, current ?owing therethrough ?ows 
also through the energizing coil of the relay 94. This 
causes the relay 94 to be picked up, thereby energizing 
the winding 108 of the motor 110. Energizing the 
motor 110 causes the slider 116 to move along the slide 
wire 118, and change the bias on the transistor 126. This 
change in bias on the transistor 126 reduces the current 
?owing therethrough and accordingly reduces the cur 
rent ?owing through the infra-red radiation source 128. 
This reduction in the amount of radiation from, the 
source 128 will be of an amount necessary to oifset 
whatever, caused the increase in signal applied to the 
input of the transformer 38. When the output of the 
recti?er has again reached a nominal value substantially 
equal to the center point of the voltage divider, i.e., ap 
proximately —l0 volts in our illustrative, example, tran 
sistor 52 will resume its heavy conduction, again biasing 
the transistor 78 to cutoff. 

' Similarly if the signal applied to the input of the trans- 1 
‘former 38 had decreased the transistor 56 would have 
been operated at a reduced conductivity condition and 
would thereby have biased transistor 80 into a state of 
conduction, thereby causing the relay 98 to be picked up. 
This would, in turn, have energized the winding 112 
of the motor 114 causing the slider 116 to move in the 
opposite direction along the slidewire 118, thereby caus 
ing the conductivity of the transistor 126 to increase 
and, in turn, increasingr-adiation emitted by the mem 

- , her 128. It may be seen through the foregoing opera 
.tion, the apparatus herein described is automatically 
self-compensating for any ambient condition which may 
be presented thereto. The system is self-centering on 
the bias point established by the mid-point of the volt 
age-divider resistors string. In order that the system 
be relatively insensitive to changes of short duration 
which may cause an erronous indication in the ultimate 
output the changes in the condition of the slider 1116 
along the slidewire 118 are made to be extremely slow. 
For example the motors 110 and 114 respectively can 
be synchronous motored designed to have an output of 
rotation of approximately 4 revolutions per hour, thus,‘ 

' providing an integrated output of the ambient condition 
' of‘ the system which has an e?ective integration time 
constant of relatively long duration. 
Now ‘let it be assumed that the system has stabilized 

" itself, as aforesaid, and that a motor vehicle passes along 
the roadway interrupting the re?ection pattern of vthe 
infra-red beam._ Because of the complexity of the con 

' tours of the shiny surfaces of modern automobiles, the 
re?ection to the sensing element 10 may be either in 
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6 
creased appreciably or decreased appreciably, depending 
on whether the portion of the contour of the vehicle pre 
sents a surface which is approximately perpendicular to 
the infra-red beam or one which is at a substantially 
smaller angle with respect to the infra-red beam. In 
fact a single vehicle may present a series of rapidly 
changing increases and’ decreases in the re?ected signal. 
These signals as received by the sensing element 18, am 
pli?ed by the transistor ampli?er, and applied to the in 
put transformer 38 are represented in FIG. 3 as the por 
tion of the curve designated “object detection.” These 
signals also are applied to the full-wave recti?er where 
they are recti?ed and presented to the following circuitry 
much in the manner of the signal previously described. 
Since these signals are of substantially higher frequency 
characteristic than the one previously described the 
capacitors 96 and 100 prevent them from appreciably 
in?uencing the operation of the motors 110 and 114. 
However, they are applied to the input of the transistors 
48 and 60. Much in the-manner of the operating charac 
teristic of the transistors 52 and 56, transistor 48 and 60 
are also biased into heavy conduction. There is one sig 
ni?cant difference between the operation of transistors 
48 and 60 as distinguished from that transistors 52 and 
56. That is that the bias to be overcome by the input 
signal is considerably higher in the case of the transistors 
48 and 60 than in the case of the other two. This 
bias level is represented by the dashed lines “d” and “e” 
in FIG. 3. Thus if the signal increases beyond dashed 
line “d” of FIG. 3 the conductivity of the transistor 48 
will be reduced thereby, biasing transistor 74 into con 
duction. When the transistor 74 conducts, its current 
path may be found to ?ow from the center point of the 
voltage divider resistor string, that is, the junction be 
tween resistors 66 and 68 through the diode 88, the excit 
ing winding 84 of the relay 86, thence to the emitter and 
collector of the transistor 74. Thus, when the transistor 
74 is rendered conductive, the relay 86 is energized, 
causing the blade 102 to be transferred from the normal 
ly closed position to contact with the other one of the 
two ?xed contacts 104. On the other hand, when the 
beam is re?ected away from the sensing element 10 and 
the signal applied to the transformer 38 drops below 
the level indicated by the dash line “e” of FIG. 3, then 
the transistor 60 has its conductivityreduced, biasing the 
transistor 76 into conductivity. The transistor 76 being 
of the oppositelconductivity type from that of transistor 
74, we ?nd that its conduction path ?ows from the col 
lector to the emitter thereof, thence through the ener 
gizing winding 84 lof the relay 86, through the crystal 
diode 82, thence to the junction between the resistors 66 
and 68. This current ?ow also causes the relay 86 to 
be picked up, or,v in this case, to remain picked up. The 
capacitors 90 and 92 connected between the emitter and 
collector respectively of these two transistors provide a 
small integrating action to prevent an inadvertent dropout 
of the relay 86 during the transition of the transfer of 
conductivity from one of these transistors to the other. 
When the signal applied to the transformer 38 has again 
returned, for a signi?cant period, to the amplitude rep 
resented as “background” in FIG. 3, then relay 86 will 
be allowed to drop out. Thus the complex re?ection 
pattern from a single vehicle causes only a single actua 
tion of the relay 86. This‘in turn produces a single count 
in the utilization apparatus 106. As liereinbefore men 
tioned the utilization apparatus 106 may comprise mere 
ly a counter for compiling statistical data or the output ' 
utilization apparatus may include means for program 
ming the operation of ‘controlled tra?ic signals. 
From the foregoing it may be seen that there has been 

provided in accordance with the present invention an 
improved sensing and signaling means, for use in such 
situations as counting vehicular tra?ic along a roadway, 
which is characterized in that it is capable of adjust 
ment to compensate for anticipated situations involving 
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conditions of ambient temperature, ambient light or con 
ditions of re?ectivity of the roadway surface. ' It is fur 
ther characterized in that it is capable of producing 
an accurate count of the passage of vehicle tra?ic past a 
given point and requires a minimum care and attention 
from an operator. ' ' a 

What is claimed is: 
1. An electronic sensing and signaling apparatus com- . 

prising means for producing a beam of signal radiation, 
means for directing said beam of radiation toward a path 
along which an object to be sensed passes, signal produc-v 
ing means for detecting re?ections of said radiations from 
said path and from said object to be sensed, signal select 
ing means for distinguishing between signals produced 
as a result of re?ections from said path and signals pro 
duced as a result of re?ections from said object to be 
sensed, means responsive to said signals produced as a 
result of re?ections from said path to change the inten 
sity of the radiation from said beam producing means 
in accordance with changes in intensity of said re?ections 
from said path, and means responsive to said signals 
produced as a result of re?ections from said object to 
produce an output signal. ' 

2. An electronic sensing and signaling apparatus com 
prising means for producing a beam of infra-red signal 
radiation, means for directing said beam of radiation 
toward a path along which an object to be sensed passes, 
infra-red radiation sensitive signal producing means for 
detecting re?ections of said infra-red radiations from said 
path and from said object to be sensed; signal'selecting 
means for distinguishing between signals produced as a 
result of re?ections from said path and signals produced 
as a result of re?ection from said object tobe sensed, 
means responsive to said signals produced as a result 
of re?ections from said path to change the intensity 
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of the radiation from said beam producing means in ac- > 
cordance with changes in intensity of re?ections from said 
path, and means responsive to said signals produced 
as a result of re?ections from said object to produce an 
output signal. . v V . g ’ 

3. An electronic sensing and signaling apparatus com 
prising a source of infra-red radiation, means for pro 
ducing a beam of the radiations from said source, means 
for directing said beam of radiation toward a roadway 
along which. vehicles to be detected pass, infra-red (radia 
tion sensitive signal producing means for detecting re 
?ections of said infra-red radiations from said roadway 
and from passing motor vehicles, means for amplifying _, 
'signals'produced by said signal producing means, signal 
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selecting means connected to said amplifying means for 
distinguishing between signals produced ,as a result of 
re?ections from said roadway andsignals produced as a 
‘result of reflections from said passing vehicles, means 
responsive to said signals produced was a result of re?ec 
tions from said roadway’ to change the intensity of’radia 
tion from said source in accordance’ with changes in in 
tensity of the re?ections received from said roadway, 
and means responsive to said signals ‘produced as a result 
of re?ections from said passing vehicles to produce an 
output signall , 

4. The invention as set forth in claim 3 wherein said 
means responsive to signals produced as arresult of re 
?ections from said roadway includes a transistor current 
control means,’ a pair of electromagnetic relays, said 
relays being operable in accordance with the. current con 
trol» action ‘of said. transistor current control means,_ 
reversible motor means responsive to the actuation of 
said relays, and means responsive to the operation of 
said motor means to control the amount of energizing 
current applied to said source of infradr'ed radiation. 

5. The invention'as set forth in claim 4'wherein said 
last mentioned means comprises a slidewire potentiometer ' 
having a slider movable by'said operationrof said motor 
means, said slider being connected to 'controltheop 
crating bias on a transistor serially connected in circuit 
with said infra-red source. f _ 

6. The invention as set forth in claim 5 wherein said 
means'responsive to said signals-produced as atrresult 
"of re?ection from’ said passingvehicles includes a further 
[transistor current control means, a relay, ‘said'relay 
being operable in accordance with the current ‘control 
action of said further transistor current control means, 
said actuation of said relay'comprising an output signal 
for said apparatus. 7 

7. The invention as set forth in claim 3 wherein said 
beam producing" means includes means‘ for chopping 
said beam, at a predetermined frequency and said amplify 
ing means includes means tuned to said frequency to 
effect a rejection of spurious signals. ' 
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