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This invention in its more general aspects re-
lates to an electronic circuit for responding to
input pulses of relatively short but variab’e time
length and variable time spacing or overlap to
provide output pulses of substantially uniform
character and in substantially predetermined
numerical relation to such input pulses.

From a more particular aspect the invention
relates to an improved traffic counting circuit for
-counting traffic actuations at a plura'ity of traf-
fic detectors to respond to very short actuations
and to distinguish between closely spaced or par-
tially overlapping actuations to provide a highly
accurate count of traffic over a wide range of
speed and volume, but particularly at relatively
high speeds and heavy trafiic volumes.

This circuit is designed primarily for use in a
traffic counting system in which the input pulses
originate from traffic detectors which are actu-
ated once for each axle crossing a detector and
in which the output pulses actuate a counter or
recorder. In one form of the invention, particu-
larly for single detector counting, one output
pulse is derived for each input pulse and one
count is made for each actuation, as one count
per axle for example. In another and preferred
form of the invention a divider circuit is in-
cluded so as to derive one output pulse for each
two input pulses, thus counting every second axle
or substantially one count for each vehicle in
the case of predominantly two axle vehicular
traffic, and enabling innut pulses of closer time
relationship to be distinguished.

This electrical circuit is also of significance as
a high speed response circuit for supplying con-
trolled output pulses to a traffic control or sienal
device or other control or indicating or counting
device in response to variable actuation pulses
from one or more traffic actuated switches or de-
tector devices actuated.by passing objects.

The automatic counting of roadway vehicle
traffic presents problems not only in the response
to very short pulses arising from high speed
traffic actuations but also in distinguishing bhe-
tween c'osely spaced or overlapping pulses. If
traflic is being counted in a single lane by means
of a single traffic detector for example the gues-
tion of overlapping pulses ordinarily does not
arise, and the problem in such case is primarily
one of detection of short pulses and of separa-
tion of closely spaced pulses whose time spacing
is of the order of time between successive axles
of any vehicle, which is the time required for a
vehicle to move the distance between successive
axles. At a speed of 68 miles per hour for exam-~
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ple, the time spacing of such pulses is about v
of a second for an axle spacing of about 10 feet,
and at such speed the time spacing of pulses is
about .03 second for an axle spacing of ahout 3
feet for any given vehicle. Such time spacing
between actuations on successive axles of an in-
dividual vehicle will ordinarily be considerably
less than the time spacing between actuations by
the rear axle of one vehicle and the front axle
of the next following vehicle in the same lane.

However when it is desired to count traffic at
more than one location or in more than one
lane, overlapping or much closer time spacing of
pulses may occur on two or more traffic detectors
placed for actuation by vehicles in the respective
locations or lanes.

The problem of distinguishing between closely
spaced or overlapping pulses becomes much
greater as the volume of traffic increases, par-
ticularly in multiple lane highways, and unless
effective means are provided to distinguish be-
tween such pulses the accuracy of the counting
falls quite materially as the traffic volume in-
creases due to the rapidly increasing percentage
of overlapping or very closely spaced actuations
under such circumstances and the consequent
loss of counts if such actuations can not be dis-
tinguished.

In analyzing this problem of counting heavy
multiple lane traffic it is found that two over-
lapping pulses or two successive pulses spaced
materially less than one-half of the time spacing
between successive axles of the same vehicle, very
rarely occur without a following time spacing of
considerably greater length. Thus in general in
two adjacent traffic lanes for example the occur-
rence of two actuations more closely spaced than
one-half of the minimum axle spacing for a
single lane will be followed ordinarily by a
greater time spacing before the next succeeding
actuation. In this connection it will be under-
stood for example that if two vehicles in ad-
jacent traffic lanes and having the same wheel
base are proceeding in the same direction with
one vehicle half a length ahead of the other,
the time spacing of the successive actuations re-~
ceived from the two detector sources would be
aprroximately one-half of the time spacing be-
tween adjacent axles of either vehicle alone. If
it is now assumed however that the leading ve-
hicle is less than che-half a 1ength ahead of the
trailing vehicle in the gdjacent lane the front
axle actuations will be closely spaced and the

- rear axle actuations will be closely spaced and

such spacing will be less than the spacing be-
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tween the front axle actuation of the trailing
vehicle and the rear axle actuation of the leading
vehicle.

On the other hand if it is assumed that the
leading vehicle is more than one half a length
ahead of the trailing vehicle in the adjacent lane
the rear axle actuation of the leading vehicle
and the front axle actuation of the trailing vehi-
cle will be closely spaced and such spacing will
be considerably less than the spacing between
successive axles on the same vehicle. In each
of the last two casss the more closely spaced
actuations will be less than one-half of the spac-
ing between successive axles of the same vehicle.

It will be noted that in any case the minimum

time spacing between the first and third actu-
ations of any three actuations will not be less
than the time spacing between successive axles
of the same vehicle.
- The present invention takes advantage of this
situation by employing an extremely fast response
circuit which is not only able to respond to very
short actuation pulses and provide longer out-
put pulses for operation of a counter, but also
provides for dividing the number of pulses to de-
rive one output pulse for every second input
pulse to enable the longer output pulse to be
obtained in the longer time spacing ordinarily
occurring after any pair of extremely closely
‘spaced or overlapping pulses. Sufficiently fast
counters can be obtained to respond to a pulse
length of somewhat less than the time spacing be-
tween axles of the same vehicle in high speed
traffic.

The present invention further provides means <

for distinguishing between the overlapping pulses
by detecting the leading edges of such pulses and
by providing a two stage response circuit such
-that successive leading edges of two overlapping
pulses may be distinguished.

In this connection it will be appreciated that
with increasing traffic volumes the number of
opportunities of random actuations occurring at
detectors in different traffic lanes increases, but
that the possibility of two such actuations start-
.Ing substantially simultaneously is so extremely
small as to be negligible if a very fast response
circuit is employed which is ahle to distinguish
- between the starting of overlapping pulses where
the time separation between the starting of such
pulses is extremely small in relation to an already
small total time length of the pulse itself.

Thus a circuit in accordance with the inven-
tion employs means of this character in a novel
manner to detect the leading edges of such over-
lapping pulses and thus to distinguish between
nearly coincident or nearly simultaneous pulses to
such a high degree that a very accurate count
of high speed heavy volume traffic can be pro-
vided.

It is appreciated that means have bheen pro-
posed in the prior art for the separation of
closely spaced or overlapping pulses from traffic
actuations and the like for example but such
means in the prior art with which we are familiar
employ relatively complex multiple channel re-
lay circuits and in some cases multiple stage
relay chains for the several channels. Such eir-
cuits are limited by the response time of the
individual relays and the time sequence of oper-
ation of the successive relays as well as in the
dependence upon careful adjustment of the relay
contacts and operating parts.

This matter of relay adjustment is of particu-
lar significance since the operating relations of
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different electromagnetic relays and relay con-
tacts will vary considerably over a period of time
under practical service conditions and relays must
be readjusted frequently in closely timed relay
circuits whereas electronic tube circuits of the
type employed in accordance with the invention
do not require such critical or frequent read-
justment. o

The present circuit provides a greatly improved
and simplified means for counting high speed
actuations from multiple sources in which the
only moving parts are the output relay contacts
and which will avoid the difficulties of multiple
relay cireuits.

It is thus a general object of this invention
to provide an improved electrical translating cir-
cuit for responding to very short input pulses
and distinguishing between very closely spaced
input pulses to provide output pulses of substan-
tially uniform length and of predetermined nu-
merical relation to such input pulses. )

Tt is also an object of the invention to provide
an electrical circuit to respond to very closely
spaced and partially overlapping pulses arising
from two pulse sources and to distinguish be-
tween such pulses to provide output pulses of
substantially uniform length and in predeter-
mined numerical relation thereto. )

It is also an object of this invention to provide
a trafiic counting circuit for responding to very
short and closely spaced or partially overlap_-
ping trafic actuations on a plurality of traffic
detectors to distinguish between the actuation
pulses to provide output pulses of sufficient time
length and in predetermined numerical relation
to such actuation pulses so as to provide a highly
accurate count of multiple lane heavy trafiic.

Referring to the drawings,

Fig. 1 shows s block diagram of a preferred
form of the invention.

Fig. 2 shows a schematic circuit diagram of the
same preferred form of the invention as shown
in Fig. 1. - ,

Figs. 3, 4, and 5 show some of the possible
arrangements of trafiic detectors on a highway.

Referring now to the block diagram of Fig. 1
the translating circuit itself is shown generally
within the broken line while the units associated
with this cireuit in its preferred use are shown
outside the broven line, the detectors D! and D2
being shown at the left at the input side of the
circuit, and the counter or recorder and trafiic
control being shown at the right at the output
side of the circuit, the circuit serving either one

5 or both of such devices depending upon the out-

put provisions and the desired use. It will ke ap-
preciated that in some instances it may be desired
to operate only a counter or recorder while in
other instances, particularly at intersections, it
may be desired to make a count of the total traf-
fic approaching as well as to operate a traffic
control device or traffic signal for example.

When it is desired to obtain one output pulse
for every two input pulses, for a count of two axle
vehicles for example, the circuit is used with the
arm of the switch SW{ to the left, as shown, con-
necting all the blocks together in the order in
which they are lettered.

The waveforms of pulses at several points in
the circuit are shown in this figure, the waveform
sketches in the upper part of the figure showing
the situation with two input pulses ti and 2 con-
siderably separated in time, as in the case of two
successive axles of a vehicle for example, and
the waveform sketches below showing the situa-
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tion with two input pulses 13 and {4 overlapping
and with the leading edge of f4 lagging very
slightly behind the leading edge of 138, as in the
case of nearly simultaneous actuations by axles
of vehicles in adjacent lanes for example. The
pulses shown to the left at the detectors repre-
sent four input pulses corresponding with actua-
tions occurring at different times £ and {2 on
detector DI and at times £3 on detector Df and
t4 on detector D2.

The input pulse in the form of a circuit closing
or .shorting action, which may be due to a traf-
fic detector as shown, ig applied to the input ter-
minals of either one of the puise formers A{ or A2
shown. A substantially square negative pulse is
formed and is changed to a sharp positive spike
by the pulse shaper B which responds only to
negative pulses. :

This positive spike is derived from the leading

edge of the negative pulse from the pulse former ¢

At and therefore is independent of the length of
the negative pulse and also allows the circuit to
respond to another closely following input short-
ing action and resulting negative pulse from the
other pulse former A2.
the flip-flop circuit from one of its stable con-
ditions to the other, delivering either a positive or
a negative pulse, depending upon the direction
in which the flip~flop circuit has been triggered,
to the pulse shaper D which follows. This pulse
shaper reacts only to a negative pulse and thus
only to every alternate shorting aection at the
input terminals of the circuit. This pulse shaper
D delivers a sharp positive pulse through the
switeh SWI to the one shot multivibrator E, caus-
ing it to cycle, as will be explained later in con-
nection with Fig. 2, and to deliver a square posi-
tive pulse to the output tube P. This causes the
output tube to conduct heavily for the duration

of this output pulse, thus operating the relay G*

to close its contacts so as to operate the counter
or recorder or the traffic control apparatus as in-
dicated.

Since the pulse shaper D reacts only to the neg-
ative pulses from the flip-flop circuit it delivers
only one positive triggering pulse to the one-shot
multivibrator E for every two detector actuations.
Thus the circuit delivers one output pulse for
every two input pulses and this halving action is
due to the flip-flop circuit C and the pulse shap-
er D.

If it is desired to have one outpui pulse for
each input pulse, in the case of non-overlapping
or more widely spaced pulses, the switch SWI is
reversed so that the output of the pulse shaper
B is applied through the switch to the one-shot
multivibrator E, and the output of the flip-flop
circuit C and pulse shaper D is not used.

Thus it will be observed that the fiip-flop cir-
cuit and following pulse shaper serve as a form
of divider circuit when used. It will be appre-
ciated that one or more additional flip~flop cir-
cuit and pulse shaper combinations might be in-
serted between the pulse shaper D and the one~
shot multivibrator E in order to further subdivide
the number of pulses, or any other suitable di-
vider circuits, such as ring counter circuits or
applicable frequency divider circuits, may be in-
serted in order to obtain a single output pulse for
any predetermined number of input pulses.

It will also be appreciated that additional de-
tectors and associated pulse formers may be used,
with additional dividing ecircuits, and that two
circuits as in Fig. 1 may be employed for four de-
tectors with the circuit outputs combined in the

The positive pulse trips -
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input of a third such circuit in place of detec~
tors at the input of the third circuit to serve four
lanes if desired.

Referring now to the schematic diagram of
Fig. 2 the operation of the circuit will be ex-
plained.

When no detector actuations are present the
condensers | and § in the two pulse formers
charge to a voltage equal to that across the re-
sistors 2 and § respectively The resistors 2 and
§ are of egual size and the resistors 3 and 1 are
of equal size but much larger than 2 and 6. The
result is that the two-condensers | and 5 are each
charged to substantially the same small positive
voltage dependent upon the ratio of resistances
2-and 6 to 3 and 1, say for example 15 volts. Since
the leads £2 and 63 are at the same potential
there will be no current flowing through resistors
4 and 8 and junction §¢ between the two resistors
will be at the same potential, 15 volls in the ex-
ample.

Actuation of detector DI shorts condenser {
causing the potential at lead 62 to drop suddenly
from some positive value to zero, thus comprising
essentially a negative pulse with a sharp leading
edge approximating that of a square wave.
There now exists a potential difference between
leads 62 and 63 since 63 is still at the positive po-
tential, 15 volis in the example. A current flows

¢ through equal resistors 4 and 8, and the junction

81 suddenly assumes a potential half as great as
before. Following the example this is a drop of
7.5 volts. This change is applied to the differen-
tiating network consisting of condenser 1i and
resistor 12. The condenser {f must change its
charge by a like amount and the charging cur-
rent produces a negative spike of voltage across
resistor 12 and on the grid of the pulse shaper
tube {3 and corresponding in time to the sudden
potential change at point 6. This produces a
positive spike at the plate of tube {3 which is used
to trigger the flip-flop circuit C and is also sent
over lead 65 to contact 60 of switch SWi. The
shunting effect of resistors 4 and 8 when detector
D1 is actuated does not materially change the
potential at lead €3 because these resistors 4 and
8 are considerably larger than the resistor 6.

Condenser | is large enough so that a very short
interruption of the detector closure, such as by
bouncing or chattering of the detector contaect
plate for example, will not result in an additional
impulse because the condenser will not charge
sufficiently in the short interruption to produce a
sufficiently large negative pulse when the con-
tacts reclose. Any very small short voltage
changes at junction 61 are shunted around the
differentiating circuit by condenser {0 which is
very small so that it will accomplish this purpose
without shunting the desirable pulses. Another
purpose of the large condenser [ is to provide
capacitance across the detector leads which is
considerably larger than the capacitance of the
leads themselves so that any variations of the
lead capacitance will not materially affect the
operation of the circuit.

Actuation of detector D2 instead of detector Dl
produces the same result at junction 61 as de-
scribed above, the description of the action being
identical except that elements 5, 6, 1, 8 and 63 re-
spectively are employed in place of elements 1, 2,
3, 4 and 62. :

After a detector is actuated, shorting one-of
the respective condensers | or 5, and the detector
is released, this allows the condenser to recharge
through one of the respective resistors 3 or 1. As
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mentioned above, thesé components are large
enough so that no appreciable charge will be ac~
quired by the condenser { or § during a very short
interruption of detector closure. However, these
components are small énough so that a sufficient
charge for a usable pulse will be acquired in the
time between actuations by the successive wheels
of -a rapidly moving vehicle. As the condenser
voltage rises toward its fully charged value, 15
yolts in the example above, the potential at junc-
. tion 61 remains substantially halfway between
the potentials at leads €2 and 63. The time con-
stant of the differentiating circuit il and (2 is
short enough so that the charge on condenser {1
will follow clesely the rise in potential at point 61
and very little change will be felt at the grid of
tube 13.
This time constant is further shoxtﬂned in ef-
ect by the clipping action of the paraliel path
'of the grid-cathode eircuit of tube 13 for positive
grid voltage, and the resistance (4 is small
enough to be neglected. This prevents response
to any appreciable stray positive pulse.

The two detectors for use with this circuit may
be placed in any of a variety of situations, three
of which are shown in Figs. 3, 4, and 5 by the pairs
of detectors PI and P2, QI and Q2, and R!
and R2.

An arrangement of this sort may be used for
counting all the traffic traveling in one direction
on a four lane highway in which case one detec-
tor would be employed in each of the two lanes
used for travel in the direction in question.
Another use for an arrangement of this sort may
be to count-all the traffic on a two lane highway
approaching an intersection from both directions
in which case one detector would be placed in
each approach lane so that traffic in the lane
would cross the detector shortly before reaching
the intersection. A further use for an arrange-
ment of this sort may be to count all the trafiic

-using a two lane highway in which case the de-

“tectors would be placed one in each lane adjacent
to each other. These examples obviously do not

“cover all the cases but indicate the possibilities.

In each of these cases it is possible to have ve-
hicles passing over the two detectors of a pair
almost simultaneously. In the event that one

~ detector should be actuated while the other de-
tector is in the actuated condition a second pulse
will be felt in the following eircuit as described
below. If detector DI only is in the actuated
condition lead 62 is at ground potential, lead €3
is at its maximum potential of 15 volts in the
- zbove example and point &1 is at a potential ap-
nroximately midway between the potentials at
leads 62 and §3, about 7.5 volls in the above ex-
- ample. Cope

At the start of the assumed actuation of de-
tector DI a 7.5 volt drop was felt at point 81 and
while condenser Ii changed its charge by this
amount a negative 7.5 volt spike appeared on
the grid of tube {3 resulting in a similarly shaped

- but amplified positive spike on the plate of tube
13. This positive spike is applied to the cathodes
of tubes {7 and 18 of the flip-fop circuit through

~the differentiating network consisiing of con-
denser 16 and resistor 28. These components
(6 and 20 are small enough to provide a short
time constant so that the pulse applied to the
cathodes of tubes {7 and {8 is of much shorter
duration than the pulse at the plate of tube I3.

Actuation of detector D2 shorts condenser 5
and causes the potential at lead 63 to drop sud-
denly from its positive value to ground potential.
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If detector D is also in an actuated condition
when this occurs then both leads 62 and 63 are
at ground potential and the potential at point
8{ drops from its intermediate value, 7.5 volts
in the above example, to ground potential. This
will be the case no matter how closely the two
detectors are actusted. If the actuations start
far enough apart however there will be essentially
two completely separate spikes on the grid of
tube i8. If the second actuation starts before
condenser i! has finished its change of charge
as a result of the first actuation then the second
spike will be superimposed on the first. The
second spike will be its normal height but with
its base at the potential existing due to the first
actuation at the moment of the second actuation.
This is zllustratnd in the lower wave form
sketches in Fig. 1. :

In the rare case that the two actuations oceur
simultaneously the two spikes will appear as one
of twice the height, 15 volts in the above example,
and thus will not be separately distinguished,
but if the actuations start an extremely short
time apart the two spikes will appear as a some-
what broader pulse with two peaks and may
thus be separately distinguished by the fast
acting flip-flop circuit. i

Whatever the shape of the negative pulse on
the grid of tube i3 it will produce a similarly
shaped amplified positive pulse on the plate.
Due to the shorter time constant in the charging
circuit for condenser {§ as explained above a
double positive pulse on the plate of tube i3
will appear as two substantially separate posi-
tive spikes on the cathodes of tubes 171 and 18
provided that the leading edges of the two posi-
tive pulses are separated enough to allow a fair
amount of charge of capacitor 16. Separation
of two pulses with spacing of leading edges of
the order of 140,000 Of a second may be achieved.

The flip-flop circuit consists of tubes 17 and
18 and their associated circuits. The arrange-
ment is such that only one of the tubes 1T and
{3 conducts at any one time. There are two
stable states, one with tube {71 conducting and

he other with tube 8 conducting. An outside
ignal must be injected in order to trigger the
wuip-flop circuit from one stable state to the other.

If tube 18 is conducting and tube 17 is non-
conducting then the plate of tube 7 is at nearly
the same potential as the positive supply voltage
B-+, which may be 100 volts for example, but the
plate of tube §8 is at a considerably lower poten-.
tial due to the plate current flowing through
resistors 30 and 8f. The grid of tube I8 is con-
nected to the junction of the voltage divider
consisting of resistors 28 and 28 across which the
voltage at the plate of tube i7 is applied. The
grid of tube {7 is connected to the junction of
the similar voltage divider consisting of resistors
21 and 23 across which the voltage at the plate
of tube {8 is applied.

These voltage dividers are arranged so that
the potential at the grid of each tube is about
one third as great as the potential at the plate
of the opposite tube. Since the plate of tube I8
is at a considerably lower potential than the
plate of tube 7, the grid of tube 17 is at a
correspondingly lower potential than the grid
of tube 18. The cathodes of the two tubes are
tied together and are considerably above ground
potential due to the tube current through re-
sistor 28. With proper circuit design the grid
of tube {7 is at a low enough potential so that
tube 7 is cut off.

The positive pulses from pulse shaper (3 are
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appiied to the cathodes of the two tubes of the
flip-flop circuit. The increase in cathode poten-
tial increases the grid bias on tube I8 and cuts
this tube off. This allows the plate of tube 18
suddenly to rise nearly to the B+ potential. This
sudden rise is applied through condenser 22
directly to the grid of fube 7T causing this tube
to conduct since the grid goes farther positive
than the cathode has gone. The plate potential
on tube IT will drop so as to decrease the grid
potential of tube {8 and insure that tube {8 will
remain cut off, the cathodes remaining at a
positive potential due to the current through
tube {1. A subsequent positive triggering pulse
at the cathodes, due to another detector actua-
tion, will affect the flip-flop circuit C in a re-
verse manner, cutting off tube {7 and again
allowing tube {8 to conduct. The charging times
of condensers 22 and 27 are small enough so that
after each triggering the grids will be able to
vecover from their transient conditions hefore
the next pulse.

The square wave output of the flip-fiop cir-
cuit is taken from the plate circuit of tube (8
between resistors 30 and 31 and applied to the
differentiating circuit consisting of condenser §2
and resistor 33, which applies alternate positive
and negative spikes to the grid of the pulse shaper
tube 34.

Since there is ne b1as on tube 34 the positive
spikes are clipped by the diode action of the
grid-cathode circuit and such spikes have lit-
tle or no effect. However, the negative pulse,
which is applied to tube 34 every time tube i8
starts to conduct and therefore every second
time a detector is actuated, causes the conduc-
tion of tube 24 to decrease materially or even to
stop while the spike is applied. This results in a
sharp positive spike at the plate of fube 24 and
at contact 59 of switch SWI.

As previously described the positive spikes at
the plate of tube 13 of pulse shaper B are trans-
mitted by lead 65 to contact 69 of switch SWI.
Thus there is available at contact 69 a positive
spike for each detector actuation and at contact
59 a similar positive spike for every alternate de-
tector actuation. These positive spikes are suf-
ficient for triggering the one-shot multivibrator
E and according to whether the arm 58 of switch
SWI is to the left or to the right the multivi-
brator will be triggered once for every other de-
tector actuation or once for each detector actua-
tion.

The one shot multivibrator consists of tubes
38 and 39 and their associated circuits. It has
conly one stable state, the condition with tube
38 conducting and tube 39 cut off. This one
stable state is assured by positive return of the
grid of tube 38 and by the bias on tube 39 due
to the voltage divider consisting of resistors 45,
51, and 52.

The grid of tube 39 also has a positive return
through the plate resistor of tube 38 but there
is no trouble here because the plate current of
tube 38 keeps the plate potential low and there-
by -allows the grid of tube 39 to stay well below
-its cathode potential.

The positive spike from the plate of tube 34
or from the plate of tube 13 is fransmitted
through switch SWI, resistor 36, and coupling
.condenser 37 to the plate of tube 38 and the grid
of tube 38. Resistor 36 is used to minimize load-
ing of tube 38 by the previous circuit. The posi-
tive pulse on the grid of tube 39 causes the tube
to conduct so that its plate potential drops
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sharply. This drop is transmitted through con-
denser 42 to the gr1d of tube 38 causing it to be
cut oﬁ and allowing its plate fo rise in potential
so as to maintain this higher potential after the
triggering spike from tube 34 stops This con-
dition continues until the condenser 42 has time
to recharge sufficiently to allow the grid of tube
38 to rise in potential enough so that tube 38 will
start to conduct. This causes its plate potentlal
to fall, decreasing the grid potential of tube 33
and thereby decreasing the conduction of tube 39
so that the plate potential of tube 39 will rise.
This rise is immediately transmitted through
condenser 47 to increase the rate of conduction
of tube 38 and so quickly return the one shot
multivibrator to its stable state.

The potential at the plate of tube 38 is ap-
plied not only to the grid of tube 39 but also to
the grid of output tube 58. This tube is heavxly
biased by connection of its cathode to the volt-
age divider consisting of resistors 45, 5{ and 52
so that it does not conduct when the one shot
multivibrator E is in its stable state. However,
when the one shot multivibrator is triggered the
plate of tube 38 Tises in potential so that the
grid of tube 53 also rises and tube 50 conducfs
heavily enough to energize relay 53, closing con-
tacts 54 and §5. Leads from these contacts pro-
vide output terminals. Contacts 54 may be con-
nected appropriately into a counter or recorder
circuit so as to actuate the counter. Contacts 55
may bhe connected into a trafiic control cireuit if
desired so as to actuate the latter. The length
of time that the contacts are held closed is de-
pendent upon the length of time that the one
shot multivibrator remains in the unstable con-
dition with tube 38 cut off. 'This is primarily de-
pendent upon the rate at which condenser 42 is
recharged and is designed to be long enough to
properly actuate a counter.

A feature of this invention is the interconnec-
tion between the relay circuit and the one shot
multivibrator circuit through the common eath-
ode resistor 45. ‘This is to compensate for
changing characteristics of tube 50 due to aging
or replacement and for variations in B+ voltage
supply. Current will flow in tube 50 during the
entire time that the one shot multivibrator is in
its alternate state with tube 38 cut off. The re-
lay 83 will start to close its contacts as soon as
current starts to flow, the time taken for this
closing action being greater for a smaller current
than for a larger current, and will release its
contacts upon cut off of tube 50, dependent on
the magnitude of the current that is flowing
through the relay coil. Thus if the one shot mul-
tivibrator cycle were of fixed length the length
of the output pulse due to closure of contacts 54
would be greater for greater relay current. How-
ever the length of the multivibrator cycle is.par-
tially dependent upon the cathode potential of
tube 35. 1If the cathode potential is relatively
low then the cycle is relatively long since the
initial drop in anode potential of tube 39 is rela-
tively large and thus condenser 42 must charge
a relatively large amount before tube 38 again
breaks into conduction ending the multivibrator
cycle. If the cathode potential is higher .the
initial drop in anode potential of tube 39 is
smaller and condenser 42 does not have to charge
so much to allow tube 38 to conduct-so the cycle
s shorter. Thus a large current through tube
“50 and relay 53 causes the relay contacts 54 and
55 to close more rapidly but also, in flowing
through the common cathode resistor 45, causes
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the cathode of tube 38 to assume a higher po-
tential thereby causing the one shot multivibra-
tor to cycle more rapidly. The effect of the in-
terconnection is to tend to maintain the time of
closure of the relay contacts 54 and 55 constant
despite variations in the characteristics of tube
. 50 and B+ voltage.

This circuit may_be used with only one de-
tector if desired. The second detector alone
may be omitted or the detector and associated
pulse former A2 comprising capacitor 5 and
resistors 6, T and 8 may be disconnected at
point 66.

The term pulse is used here not only in ifs
more usual sense of a momentary appearance of
electrical voltage or current or change of such
from one level to another and return, such as
a half wave which may be of a wide variety of
wave forms, for example, butb is also used in a
broader sense of a change of electrical condi-
tion in g circuit irom an initial or normal con-
dition to a different condition and return to the
initial condition substantially, as by the closing
of the contacts of one of the detectors DI or D2
for a brief time period for example. As ap-
plied to the closing of the detector contacts for
example by traffic actuation it will be appre-
ciated that the pulse representing such centact
operation would be in a sense a square wave
pulse on- the basis that the contaects would be
normally opened and then shift substantially
instantly to the closed condition upon actuation
for example remaining in this closed condition
as long as the actuation continues and then re-
turning to the normal condition substantially
instantly upon release of the actuation. Thus
this effect may be represented by a substantially
square wave pulse considered as an input pulse
representing the circuit closed condition with
the length of the pulse corresponding to the
length of the actuation substantially of the cir-
cuit closer. The apparatus within the enclosed
broken line in Fig. 1 for example may be con-
sidered as a circuit having an input side at
the left for receiving input pulses corresponding
to the closure times of one or more detectors
DI and D2 for example and having an outpub
side at the right for providing controlled out-
put impulses: in response to such input pulses
and having a predetermined numerical relation
thereto. .

The detector Di or D2 is represented in the
circuit diagram of Fig. 2 as a circuit closer or
switch and is employed in the form in which
the contacts are closed in response to actuation
and opened upon release of actuation. Various
forms of traffic actuated switches or. detectors
are well-known in the art. The detector may
take the form of a pair of contact plates for
example one over the other which are brought
.together by the pressure of a vehicle wheel and
released by resilience of one of the plates or of
other restoring means at the edges of the plates
for example. However it will be appreciated
that the contacts designated detector DI or de-
tector D2 may be of other forms for actuation
by trafic or other desired actuating element
whose actuation it is desired to count or record
or employ for control purposes.

The circuit - of the invention is designed
primarily for counting vehicular fraffic and in
such application a counter or register device is
connected to the output of the ecircuit. In such
application of the invention it is ordinarily
preferred to have an automatic record of the
count made at periodic intervals and a counfer
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of the printiig type is thus ordirarily used
although it will be appreciated that the invention
is not limited to this type but other forms of
recorder or counter or traffic control device or
other device which may employ a number of
traffic actuated pulses in which it is desired to
respond as far as possible to individual pulses
even though the actuations may be very closely
spaced or partially overlap.

Although a preferred form of the invention
has been shown and described and certain alter-
nate forms and variations have been illusirated
or described it will be appreciated by those skilled
in the art that various other changes may be
made in the parts or arrangement of the com-
bination without departing from the spirit of the
invention.

We claim:

1. An electrical circuit for providing controlled
output pulses in response to input pulses varying
in time relation including in combination a
plurality of input pulse receiving circuits, a pulse
former circuit individual to each input pulse
receiving circuit for forming a substantially
square wave front pulse in response to each in-
put pulse, a pulse shaper circuit connected to
receive the outputis of the several pulse former
circuits to provide a very short spike shaped
pulse in response to the square wave front of
the pulse output of said pulse former circuits,
a divider circuit controlied by said puise shaper
to derive one short output pulse for a larger
predetermined number of pulses from said pulse
shaper, and means including a one shot multi-
vibrator circuit controlled by the output of said
divider circuit to provide output pulses of sub-
stantially uniform character in response thereto.

2. An electrical circuit for providing controlled
output pulses of predetermined numerical re-
lationship in response to input pulses varying in
time length and time relation including in com-
bination, input pulse receiving circuit means,
a pulse shaper circuit controlled by said pulse

receiving circuit means, a flip-fiop circuit having

two stages of operation and connected to he con-
trolled by said pulse shaper circuit to be op-
erated to alternate stages by successive input
pulses, a second pulse shaper circuit controlled
by said fiip-flop circuit to provide a shaped pulse
in response to one stage of operation of said
flip-flop circuit, and means including a one shot
multivibrator circuit controlled by said second
pulse shaper circuit to provide controlled output
pulses in response to the pulses derived from said
second pulse shaper circuit. _

3. An electrical translatir.g circuit including
in combination a plurality of input terminals
for connection of a plurality of individual cir-
cuit‘controlling devices adapted to be actuated
for varying time periods and time spacing with
the possibility of varying degrees of overlap of
such actuation periods, a plurality of pulse
formers including one individual to each 'set
of input terminals to provide first output pulses
corresponding to the individual actuation periods,
a pulse shaper for differentiating such first out-
put pulses to provide spiked output pulses of
short time length as compared to such first out-
put pulses and in response thereto, a divider
circuit controlled by said pulse shaper to derive
one spiked output pulse for a larger predeter-
mined number of pulses from said pulse shaper,
a one shot multivibrator connected to be trig-
gered by such spiked output pulses to provide
controlled output pulses of substantially uniform
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time length in response thereto and means in-
cluding output terminals for connection of an
external device to be controlled by such con-
trolled output pulses in response to such actu-
ations.

4. An electrical translating circuit inecluding
in combination a plurality of input terminals
for connection of a plurality of individual cir-
cuit controlling devices adapted to be actuated
for varying time periods and time spacing with
the possibility of varying degrees of overlap of
such varying time periods, a plurality of pulse
formers including one individual to each of said
input terminals to provide first output pulses
corresponding to the individual actuation
periods, circuit means connecting said pulse
formers in voltage divider relationship to pro-
vide a voltage of predetermined level for such
output pulses in response to actuation of one
only of said input circuit controlling devices and
to provide a second voltage level for such outpub
pulse in response to concurrent actuation of both
of said input controlling devices whereby partial-
ly overlapping actuations will provide two pulses
at different voltage levels from said pulse form-
ers, & pulse shaper for differentiating such first
output pulses to provide spiked output pulses of
short time length as compared to such first out-
put pulses and in response thereto at the two
voltage levels whereby two spiked output pulses
are provided in response to partially overlapping
first output pulses, a divider circuit controlled
by said pulse shaper to derive one spiked output
pulse for a larger predetermined number of

pulses from said pulse shaper, a one shot multi- 3

vibrator connected to be triggered by such spiked
output pulses to provide controlled output pulses
of substantially uniform time length in response
thereto, and means including output terminals
for connection of an external device to be con-
trolled by such controlled output pulses in re-
sponse to such actuations.

5. An electrical translating ecireuit including
in combination input terminals for connection
of a circuit controlling means adapted to he
actuated for time periods of variable length and
spacing or overlap, pulse former means con-
nected to said input terminals to provide first
output pulses of character corresponding sub-
stantially to such actuation periods, pulse shaper
means for differentiating such first output pulses
to provide spiked output pulses in response to
and of relatively short time length as compared
to such first output pulses, a flip-flop circuit
controlled by such first pulse output from said
pulse shaper means to be triggered by each pulse
thereof, and a second pulse shaper means for
differentiating the pulse output of said flip-fiop
circuit in response to triggering of the latter
from only one of its two conditions to the other
to provide a spiked output pulse for every second
pulse input, and one shot multivibrator means
controlled by such last named spiked pulses to
provide controlled output pulses of substantially
uniform time length in response to and of rela-
tively long time length as compared to such
spiked pulses said second pulse shaper means
having its output connected to the input of said
one shot multi-vibrator to trigger the latter for
each spiked output pulse of said second shaper
means.

6. An electrical circuit for providing controlled
output pulses in response to input pulses varying
in time relation including in combination an in-
put resistance-capacity circuit for providing a
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substantially square wave pulse in résponse to an
input pulse of varying character, a pulse shaping
circuit including an amplifier tube and resistance
and capacity elements to provide a sharply spiked
pulse output from said resistance capacity input
circuit, a flip-fop circuit having its input con-
nected to the output of said pulse shaper circuit
and including two electronic tubes intercon-
nected in foggle relationship to provide alter-
nate stable states of operation in response to
successive input pulses, a second pulse shaper
circuit connected to the output of one of the
tubes of said flip-fiop circuit, a trigger cireuit
having its input connected to the output of said
second pulse shaper circuif and having two elec-
tronic tubes interconnected in biased toggle rela-~
tionship to maintain the first of said tubes nor-
mally conducting and the second of said tubes
non-~conducting and reversible by a pulse in its
input to render its first tube non-conducting and
second tube conducting, said trigger ecircuit in-
cluding a resistance capacity circuit intercon-
necting the tubes so as to return the trigger cir-
cuit to its initial condition within a predeter-
mined time interval controlled by its circuit con-
stants, and an output circuit from said last named
trigger circuit to provide an output pulse only
when said trigger circuit is in its second con-
dition.

7. An electrical circuit for providing eontrolled
output pulses in response to input pulses varying
in time relation including in combination an in-

ut resistor capacitor circuit comprising two
resistors in series across a source of direct volt-
age cne side of which may be grounded, the two
resistors being so proportioned as to provide g
convenient potential at their junction, a capaci-
tor from ground to said junction with shorting
means operable across said capacitor so that op-
eration of said shorting means will cause a sud-
den change in potential of said junction from
its previous potential to ground potential, thus
providing a substantially squars wave pulse in
response to an input shorting action of varying
character, a charging circuit for said capacitor
operable when said shorting means is open and
having a charging time great enough so that
said capacitor will not charge enough during s
momentary opening of said shorting means to
provide a sufficient pulse upon the reclosure of
said shorting -means but will provide a sufficient
pulse on closure after larger openings, a pulse
shaping circuit including an amplifier tube and
resistance and capacity elements to provide a
sharply spiked pulse output from said resistance
capacity input circuit, a flip-flop circuit having
its input connected to the output of said pulse
shaper circuit and including two electronic tubes
interconnected in toggle relationship to provide
alternate stable states of operation in response
to successive input pulses, a second pulse shaper
circuit connected to the output of one of the
tubes of said fiip-flop circuit, a trigger circuit
having its input connected to the output of said
second pulse shaper circuit and having two elec-
tronic tubes interconnected in biased toggle rela-
tienship to maintain the first of said tubes nor-
mally conducting and the second of said tubes
non-conducting and reversible by a pulse in its
input teo render its first tube non-conducting and
second tube conducting, said trigger cireuit in-
cluding a resistance capacity circuit intercon-

necting the tubes so as to return the trigger cir-

cuit to its initial condition within a predeter-
mined time interval controlled by its eircuit con-
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stants, dnd &n 6utput circuit from said last
named trigger circuit to provide an output pulse
only when said trigger circuit is in its second
condition.

8. An electrical circuit for providing controlled
output pulses in response to input pulses varying
in time relation including in combination two
similar resistor-capacitor input ecircuits, each
comprising two resistors in series across a source
of direct voltage one side of which is grounded,
the resistors being so proportioned as to provide
a convenient potential at their junction, sub-
stantially the same in each of said input circuits,
a capacitor from ground to the junction with
shorting means operable across said capacitor
so that operation .of said shorting means will
cause a sudden change in potential of said junc-
tion from. its previous potential to ground po-
tential, the two input circuits being connected at
the above mentioned junctions by means of two
substantially equal resistors such that the junc-
tion of the two last named resistors will main-
tain a potential midway between the potentials
at the two previously mentioned junctions and
will therefore upon shorting action at one only
of the input circuits drop suddenly from its first
potential halfway to ground potential and upon
shorting action at the other input circuit in ad-
dition to that at the one input circuit will drop
suddenly from said halfway potential to ground
potential, thus providing a substantially square
wave pulse in response to a shorting action at
either one of the input circuits and, in response
to a subsequent nearly coincident shorting action
at the other input ecircuit, providing a second
substantially square wave pulse superimposed
on the first, a pulse shaping circuit connected to
said junction of said two resistors connecting
said input circuits and including an amplifier
tube and resistance and capacity elements to pro-
vide a sharply spiked pulse output from said
resistance capacity input circuit, a flip-flop cir-
cuit having its input connected to the output of
said pulse shaper circuit and including two elec-
tronic tubes interconnected in toggle relation-
ship to provide alternate stable states of opera-
tion in response to successive input pulses, a
second pulse shaper circuit connected to the out-
put of one of the tubes of said flip-flop circuit, a

trigger circuit having its input connected to the ;

‘output of said second pulse shaper circuit and
having two electronic tubes interconnected in
biased toggle relationship to maintain the first
of said tubes normally conducting and the second
of said tubes non-conducting and reversible by a
pulse in its input to render its first tube non-
coniducting and second tube conducting, said
‘trigger ‘circuit including a resistance capacity
cireuit interconnecting the tubes so as to refurn
‘the trigger circuit to its initial condition within
‘s "predetermined time interval controlled by its
-cirenit ‘constants, and an output circuit from
gald last named trigger cirecuit to provide an out-
‘put pulse only when said trigger circuit is in its
-second condition.

9. An electrical circuit for providing controlled
-output pulses in response to input pulses varying
in time relation including in combination an in-
‘put resistor capacitor circuit for providing a
substantially square wave pulse in response to
.an input pulse of varying character, a pulse
;shaping circuit including a resistor capacitor dif-
ferentiating circuit and an amplifier tube, with
a grid current limiting resistor in its cathode
-cireuit to derive a sharply spiked pulse output
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from the leading edge only of said substantially
square wave pulse from said resistor capacitor
input cireuit, a fiip-flop circuit having its input
connected to the output of said pulse shaper cir-
cuit and including two electronic tubes inter-
connected in toggle relationship to provide alter-
nate stable states of operation in response to suc-
cessive input pulses, a second pulse shaper cir-
cuit connected to the output of one of the tubes
of said flip-flop circuit, a trigger circuit having
its input connected to the output of said second

_ pulse shaper circuit and having two electronic
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tubes interconnected in biased toggle relation-
ship to maintain the first of said tubes normally
conducting and the second of said tubes non-
conducting and reversible by a pulse in its input
to render its first tube non-conducting and sec-
ond tube conducting, said trigger circuit includ-
ing a resistance capacity circuit interconnecting
the tubes so as to return the trigger circuit to its
initial condition within a predetermined time in-
terval controlled by its circuit constants, and an
output cireuit from said last named trigger cir-
cuit to provide an output pulse only when said
trigger cireuit is in its second condition.

10. An electrical circuit for providing -con-
rolled output pulses in response to input pulses
varying in time relation including in combina-
tion an input resistance-capacity circuit for pro-
viding a substantially square wave pulse in re-
sponse to an input pulse of varying character, a
pulse shaping circuit including an amplifier tube
and resistance and capacity elements to provide
5 sharply spiked pulse output from said resist-
ance capacity input circuit, a flip-flop circuit
having its input connected to the output of said
pulse shaper circuit and including two electronic
tubes interconnected in toggle relationship to
provide alternate stable states cf operation in

esponse to successive input pulses, a second
pulse shaper circuit connected to the output of
one of the tubes of said flip-flop circuit, a trigger
circuit having its input connected to the output
of said second pulse shaper circuit and having
two electronic tubes interconnected in biased
toggle relationship to maintain the first of said
tubes normally conducting and the second of said
tubes non-conducting and reversible by a pulse
in its input to render its first tube non-conduct-
ing and second tube conducting, said trigger cir-
cuit including a resistance capacity circuit inter-
connecting the tubes so as to return the trigger
circuit to its initial condition within a predeter-
mined time interval controlled by its circuit con-
stants and by the bias on said normally non-con~
ducting second tube, and an output circuit from
said last named trigger ecircuit to provide an out-
put pulse only when said trigger circuit is in its
second- condition, said output circuit comprising
-2 power amplifier tube driven by said last named
trigger circuit and a relay energized by the anode
current of said power amplifier tube driven by
said last named trigger eircuit with a cathode
resistor common to the circuits of said power
amplifier and said second tube of said last named
trigger circuit, whereby increased relay current
will increase the bias on sald trigger circuit tube
and decrease the time of relay current flow, al-
lowing the relay contacts to close for substantial-
ly the same period despite variations in said
power amplifier tube. '

11. A-traffic counting circuit including a plu-
rality of traffic actuated switch means for actu-
‘ation individually by traffic, input circuits con-
nected to such trafflc actuated switch means to
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provide input pulses in response to actuations of
said switch means, said input pulses being of
variable time length and time spacing or time
overlap in accordance with random traffic actu-
ation of the respective switch means, and pulse
shaping means for deriving very short pulses in
response to one end only of the input pulses re-
ceived from the several input circuits to dis-
criminate between overlapping pulses, a divider
circuit controlled by said pulse shaper to derive
one short output pulse for a larger predetermined
number of pulses from said pulse shaper, means
including a one-shot frigger ecircuit controlled
by the pulses provided by said last named means
to provide controlled output pulses of substantial
length and substantially uniform character in
response thereto, and a counting device con-
nected to be controlled by said output pulses.

12. An electrical circuit as in claim 2 in which
said final means includes a power amplifier tube
connected to the output of said one-shot multi-
vibrator circuit to be driven by the output pulses
therefrom and a relay connected to said ampli-
fier tube to be energized by the anode current
thereof as driven by said one-shot multi-vibrator,
the connection of said amplifier tube to said one-
shot multi-vibrator including a circuit having a
, cathode resistor common to the circuits of said
amplifier tube and of said one-shot multi-vibra-
tor and polarized with respect to the same to re-
duce the time length of the pulse of said multi-
vibrator and the consequent time of operation of
said amplifier tube and relay in response to in-
creased relay current whereby any increase in
value of relay current will tend to decrease the
time of relay current flow to allow the relay to
operate for substantially the same period despite
variations in said power amplifier tube charac-
teristics.

13. A counting circuit including switch means *
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subjeet to actuation for time periods varying
widely in time length and time relations, input
circuit means connected to said switch means to
provide input pulses of varying time length and
time relation in response to such varying periods
of actuation of said switch means, pulse shaper
circuit means controlled by said input circuit
means, a flip-flop circuit having two stages of
operation and connected to be controlled by said
pulse shaper circuit means to be operated to
alternate stages by successive input pulses, sec-
ond pulse shaper circuit controlled by said flip-
flop eircuit to provide a shaped pulse in response
to one stage of operation of said flip-flop circuit,
means including a one-shot multivibrator cir-
cuit controlled by said second pulse shaper cir-
cuit to provide controlled substantially uniform
output pulses in response to the pulses derived
from said second pulse shaper circuit, and a
counter connected to the output of said last
named multi-vibrator circuit means to be op-
erated by said substantially uniform output
pulses.

14. A counting circuit as in claim 13 in which
said switch means is traffic actuated.

JOHN L. BARKER.
BERNARD J. MIDLOCK.
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