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1. 
This invention in its more general aspects re 

lates to an electronic circuit for responding to 
input pulses of relatively short but variable 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 plurality 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 traffic 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 input 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 signal 
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 be 
tween cosely spaced or overlapping pulses. If 
traffic is being counted in a single lane by means 
of a single traffic detector for example the ques 
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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2 
ple, the time spacing of such pulses is about is 
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 about 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 
approximately 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 one-half a length ahead of the 
trailing vehicle in the adjacent 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 





2,594,276 
5 

tion with two input pulses t3 and ta overlapping 
and with the leading edge of t lagging very 
slightly behind the leading edge of t3, 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 til and t2 on. 
detector Df and at time:S t3 Om detector D. 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, is 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 : 
A 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 action at the 
input terminals of the circuit. This pulse shaper 
D delivers a sharp positive pulse through the 
switch SW to the one shot multivibrator E, caus- 3 
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 F. 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 Dreacts 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 output pulse for 
each input pulse, in the case of non-overlapping 
or more widely spaced pulses, the Switch SW 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 flip-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 circuits, and that two 
circuits as in Fig. 1 may be employed for four de 
tectors with the circuit outputs combined in the 
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6 
input of a third such circuit in place of detec 
tors at the input of the third circuit to serve four 
laines 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 

cGildeilSers I and 5 in the two pulse formers 
charge to a voltage equal to that across the re 
Sistors 2 and 8 respectively The resistors 2 and 
6 are of equal size and the resistors 3 and 7 are 
of equal size but much larger than 2 and 6. The 
'esult 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 T, say for example 15 volts. Since 
the leads 62 and 63 are at the same potential 
there will be ino current flowing through resistors 
4 and 8 and junction 5 between the two resistors 
Will be at the saile potential, 15 volts in the ex 
al2}ple. 

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, 5 volts in the example. A current flows 
through equal resistors 4 and 8, and the junction 
6 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 and 
resistor 2. The condenser must change its 
charge by a like amount and the charging cur 
rent produces a negative Spike of voltage across 
resistor 2 and on the grid of the pulse shaper 
tube i3 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 
D is actuated does not materially change the 
potential at lead 63 because these resistors 4 and 
8 are considerably larger than the resistor 6. 
Condenser f is large enough so that a very short 

interruption of the detector closure, such as by 
bouncing or chattering of the detector contact 
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 6 are shunted around the 
differentiating circuit by condenser O 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 ID 

produces the same result at junction 6 as de 
Scribed above, the description of the action being 
identical except that elements 5, 6, 7, 8 and 63 re 
Spectively are employed in place of elements f, 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 7. As 
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mentioned above, these components are large 
enough so that no appreciable charge Will be ac 
quired by the condenser or 5 during a very short 
interruption of detector closure. However, these 
components are Small enough 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 
volts in the example above, the potential at junc 
tion 6 remains substantially halfway between 
the potentials at leads 62 and 63. The time con 
stant of the differentiating circuit i? and 2 is 
short enough so that the charge on condenser 
will follow closely the rise in potential at point 6 
and very little change will be felt at the grid of 
tube 3. - 
. This time constant is further shortened in ef 
fect by the clipping action of the parallel path 
of the grid-cathode circuit of tube f3 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 P and P2, Q 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 trafic 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 traffic 
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 circuit as described 
below. If detector D only is in the actuated 
rondition lead 62 is at ground potential, lead 63 
is at its maximum potential of 15 volts in the 
above example and point 6 is at a potential ap 
proximately midway between the potentials at 
leads 62 and 63, about 7.5 volts in the above ex 
ample. : 1: 
At the start of the assumed actuation of de 

tector Df a 7.5 volt drop was felt at point 6 and 
while condenser 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 
3. This positive spike is applied to the cathodes 
of tubes 7 and 8 of the flip-fiop circuit, through 
the diferentiating metWork consisting of con 
denser S. and resistor 28. These components 
6 and 2 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 3. 
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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8 
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 actuated. if the actuations start 
far enough apart however there will be essentially 
two completely separate spikes on the grid of 
tube f3. If the second actuation starts before 
Condenser 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 illustrated in the lower wave form 
sketches in Fig. 1. 

In the rare case that the two actuations occur 
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. V 
Whatever the shape of the negative pulse on 

the grid of tube 3 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 3 
will appear as two substantially separate posi 
tive Spikes on the cathodes of tubes 7 and 8 
provided that the leading edges of the two posi 
tive puses are separated enough to allow a fair 
amount of charge of capacitor 8. Separation 
of two pulses with spacing of leading edges of 
the order of 60,000 of a second may be achieved. 
The flip-flop circuit consists of tubes 7 and 

8 and their associated circuits. The arrange 
ment is Such that only one of the tubes 7 and 
is conducts at any one time. There are two 
stable states, one with tube 7 conducting and 
he other with tube 3 conducting. An outside 
ignal must be injected in order to trigger the 
lip-flop circuit fron one stable state to the other. 
If tube 8 is conducting and tube 7 is non 
conducting then the plate of tube it is at nearly 
the Sane potential as the positive supply voltage 
B-H, 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 
resistol's 38) and 3. The grid of tube 8 is con 
nected to the junction of the voltage divider 
Consisting of resistors 23 and 28 across which the 
Voltage at the plate of tube is applied. The 
grid of tube is connected to the junction of 
the Similar voltage divider consisting of resistors 
2 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 8 
is at a considerably lower potential than the 
plate of tube it, the grid of tube 7 is at a 
correspondingly lower potential than the grid 
of tube f8. The cathodes of the two tubes are 
tied together and are considerably above ground 
potential due to the tube current through re 
Sistor 2. With proper circuit design the grid 
of tube is at a low enough potential so that 
tube is cut off. 
The positive pulses from pulse shaper 3 are 
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the cathode of tube 39 to a SSume 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, 7 and 8 may be disconnected at 
point 66. 
The term pulse is used here not only in its 

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, but is also used in a 
broader sense of a change of electrical condi 
tion in a circuit from 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 D 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 contact 
operation would be in a Sense a Square Wave 
pulse on the basis that the contacts 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 am output 
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 D 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 D or de 
tector D2 may be of other forms for actuation 
by traffic 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 traffic and in 
such application a counter or register device is 
connected to the output of the circuit. In Such 
application of the invention it is Ordinarily 
preferred to have an automatic record of the 
count made at periodic intervals and a counter 
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12 
of the printing type is thus ordinarily used 
although it will be appreciated that the inventioll 
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 illustrated 
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 outputS 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 controlled by Said pulse 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-flop circuit having 
two stages of operation and Connected to be 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 flip-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 translating 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 
atiOS. 

4. An electrical translating 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 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 output 
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, a 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 
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 circuit including 
in combination input terminals for connection 
of a circuit controlling means adapted to be 
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-flop 
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 
leaS. 

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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14 
substantially square wave pulse in response 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-flop circuit having its input con 
nected to the output of said pulse shaper circuit 
and including two electronic tubes intercon 
nected in toggle 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 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 
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 circuit in 
cluding a resistance capacity circuit intercone 
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 controlled 
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 one side of which may be grounded, the two 
resistors being so proportioned as to provide a 
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 square 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 a 
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 fip-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 
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 circuit 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 
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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 
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 circuits, 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 circuit, 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 
conducting and second tube conducting, Said 
trigger circuit including a resistance capacity 
circuit interconnecting the tubes so as to return 
the trigger circuit to its initial condition within 
a predetermined time interval controlled by its 
circuit constants, and an output circuit from 
said last named trigger circuit 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 
-circuit 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 circuit, a flip-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 
iing 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 circuit from said last named trigger cir 
cuit to provide an output pulse only when Said 
trigger circuit is in its second condition. 

10. An electrical circuit for providing con 
trolled 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 
a 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 of Operation in 
response to successive input pulses, a Second 
puise 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 
inined tine 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 circuit to provide an out 
put pulse only when said trigger circuit is in its 
'second condition, said output circuit comprising 
a 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 circuit 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 said 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 traffic 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 trigger circuit 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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subject 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 circuit 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 E. BARKER 
BERNARD J, MDLOCK. 

REFERENCES CITED 
Ihe following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
2,181,728 Greentree ---------- Nov. 28, 1939 
2,405,843 Moe --------------- Aug. 13, 1946 
2.483.394 Barker ------------ Oct. 4, 1949 
2,492,368 Rajchman et al... ———— Dec. 27, 1949 
2,512,851 CrOsman ----------- June 27, 1950 
2,525,824 Nagel ------------- Oct. 17, 1950 


