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2,932,003 
ELECTRONIC CYCLE COMPUTER 

John L. Barker, Norwalk, Conn., assignor to Eastern 
Industries, Incorporated, East Norwalk, Conn., a cor 
poration of Delaware 
Application September 21, 1954, Serial No. 457,437 

27 Claims. (Cl. 340-41) 

This invention relates to an electronic circuit for ac 
cepting input impulses of variable time length and 
variable time spacing, and for controlling the actuation 
of one of a plurality of utilization devices selectively in 
accordance with measures of the density of the received 
pulses with respect to time. More particularly, the in 
vention relates to an electronic system for the control of 
vehicular or comparable types of traffic wherein it is de 
sired to control the ultimate rate of flow of the traffic in 
accordance with, and proportionally to, the average rate 
at which such traffic is presented to traffic-detecting 
devices. 

Heretofore, a variety of devices have been proposed to 
facilitate the flow of traffic along highways, particularly 
those that pass through congested areas in which it is 
necessary periodically to provide for right-of-way for 
vehicles on side streets and at highway intersections. For 
example, in my Patent No. 2,288,601, issued July 7, 1942, 
there is disclosed an integrated traffic control system 
whereby one or more traffic lights arranged at intersec 
tions may be controlled to function in any of a variety of 
different timing periods in accordance with the volume 
of traffic flowing on the highway. As outlined in this 
patent, it has been found that more efficient use of exist 
ing highway facilities can readily be obtained by varying 
the light-timing cycle controlling the traffic itself. For 
example, if the traffic on the main road is relatively light, 
the traffic lights at each intersection may be placed under 
the control of associated local controllers which may be 
of the full or semi-traffic-actuated type in which the 
transfer of right-of-way to one road from another to 
initiate a right-of-way signal is made responsive to traffic 
actuation of a traffic detector in such one road, or may 
be of such other type of local control as may be desirable. 
As traffic increases, however, it is necessary to place the 
individual intersection controllers under a coordinated 
master control system whereby traffic lights at successive 
intersections may be operated in accordance with an over 
all plan to provide the most efficient use of the highway. 
To this end it is essential that the master control system 
provide a variety of differently timed cycles of operation 
for the several intersection controllers. In each instance, 
the timing cycle selected is one to provide for the freest 
possible flow of traffic on the main highway in accordance 
with the density of traffic known to exist on such highway 
and, at the same time, to avoid undue interference with 
the movement of side road traffic that is attempting to 
cross or enter the highway. 

In the arrangement of the master controller disclosed 
in the above-mentioned patent, the density of the traffic 
on the main highway is determined over pre-established 
sampling periods, preferably of six-minute duration, and 
the master controller timing cycles are actuated in ac 
cordance with the density observed during such periods. 
Specifically, the apparatus includes a traffic signal cycle 
selecting apparatus for control of a master controller for 
a series of individual intersection trafic signal controllers 
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2 
along a road and having a number of different traffic sig 
nal cycles including one minimum cycle providing inde 
pendent control of the individual controllers responsive 
only to traffic actuation of a traffic detector at the individ 
ual intersections, a number of other cycles of successively 
longer time lengths providing coordinated control of the 
several individual controllers to have accord of right-of 
way proceed progressively along the road at successively 
lower traffic speeds, and a cycle of maximum length pro 
viding synchronized coordinated control of the individual 
controllers for substantially simultaneous accord of right 
of way. The cycle-selecting apparatus, when operating 
in any given cycle, is controlled by a vehicle-counting 
device to maintain the existing cycle in the event the 
density of traffic on the highway remains unchanged or 
to shift to a higher or lower cycle, respectively, depending 
upon an increase or decrease in vehicle traffic on the 
highway. 
The basic concepts of the traffic control devices dis 

closed in the patent have proved extremely useful in 
most cases of highway traffic control and are embodied 
in many control systems in current use. However, the 
substantial increases in operating speeds of vehicles and 
in the numbers of vehicles using our highways during re 
cent years have imposed limitations on the use of the 
relay circuits disclosed in the patent. Furthermore, al 
though the effectiveness of such systems can be improved 
by increasing the number of detectors used to determine 
the volume of traffic flowing on a highway, it has been 
found that an increase in the number of vehicle-counting 
devices imposes a further load on the relay circuits of the 
patent. In addition, at the time the patented structure 
was developed, it was believed that in the general applica 
tion of traffic control it could be assumed that traffic vol 
ume would increase or decrease gradually over any given 
period and that the concept of step-by-step changes in 
traffic light cycling was the most effective method of con 
trol for most instances. However, it has been found 
that the use of progressive changes to step through suc 
cessive cycles to effect faster or slower movement of traf 
fic is not the most practical method under all operating 
conditions. For example, if it be assumed that the traffic 
light system in the vicinity of a large industrial plant is 
operating at its lowest cycle immediately prior to quitting 
time, a progression of five cycling periods would be re 
quired before the system could be raised to its highest or 
most effective operating cycle. If the system employed 
a six-minute sampling period, such a procedure would 
require 30 minutes to complete. Obviously, this type of 
control does not provide for the most efficient use of the 
road adjacent the plant during the periods of the day that 
a large number of employees are arriving or leaving by 
car. Finally, traffic studies have shown that traffic pat 
terns for a given locality vary as a result of many con 
stantly changing factors and that the several change over 
points at which the master controller effects selection of 
the several operating cycles should be capable of rapid 
and convenient adjustment to permit a traffic engineer or 
operator to adapt the system to any set of conditions that 
may arise. - 

In order to improve the operation and effectiveness of 
traffic control systems, the present invention provides a 
system wherein the outputs of a number of traffic-detect 
ing devices can be fed into an electronic counting sys 
tem which is a modification of the type disclosed in 
Patent No. 2,594,276 issued to B. J. Midlock and me on 
April 29, 1952, whereby closely spaced or partly over 
lapping actuations may be distinguished and employed 
to produce constant length pulses which provide a highly 
accurate count of traffic over a wide range of speed and 
volume, 
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In addition the output of this counting circuit is em 
ployed to provide a divided or proportionately reduced 
constant pulse unit output that is fed into separate inte 
grating circuits whereby it is possible to obtain an instan 
taneous measure and indication of the traffic passing a 
given point or points over a relatively short period of 
time, as well as to obtain an average traffic density meas 
urement and indication over a longer period of time 
which may be employed as a sampling period. 

Both of such measures may be indicated selectively 
for the immediate guidance of the traffic engineer op 
erating the system, whereas the average density measure 
ment is employed directly to effect the selection of suc 
cessive operating leads of the master traffic controller 
and may be employed to actuate a recording device 
whereby the information relating to traffic densities may 
be stored for future study. 

Finally, the output of the average density-measuring 
circuit is applied to a cycle computer network that is 
effective to select the proper operating cycle on which 
the traffic signals should be functioning in accordance 
with the density of traffic then being detected. 

Although in some respects the terms "traffic density" 
and "traffic volume" are found in the art to have dif 
ferent meanings as the number of vehicles per unit dis 
tance along a road and as the number of vehicles pass 
ing a given point per unit of time respectively as indi 
cated for example at pages 477 and 481 in the "Traffic 
Engineering Handbook,” second edition, published 1950 
by the Institute of Traffic Engineers, these two terms are 
used interchangeably in the present application as re 
ferring generally to the number of vehicles passing a 
given point per unit time at one or more locations as 
the case may be in the context. 

In general, the invention provides a traffic integrating 
control circuit in which traffic counts may be detected 
at various points on highways or feeder lanes, that is 
detectors may be placed in individual lanes of a highway 
or in feeder lanes. The circuit of this invention totalizes 
the information received from the various detectors, 
and in accordance with predetermined conditions set in 
the circuit by the operator, actuates the different out 
put circuits. Preferably these various output circuits 
control traffic mechanisms, such as synchronized traffic 
controllers which may be so adapted as to vary the syn 
chronization of the lines in accordance with the density 
of the traffic on the routes being analyzed. 
... An example of this operation would be a system in 
which the traffic controlled mechanisms would be adapted 
to provide different cycles of operation on a series of 
Synchronized traffic lines according to the load upon the 
lanes of a main highway plus those of an important feed 
er road. A particular advantage of this invention is that 
it provides for switching from one to another of its out 
put control circuits actuating the traffic control mech 
anisms in any sequence and thus avoids the delay often 
encountered in the former step-wise switching devices of 
the prior art. This is particularly important in any cir 
cumstances where peak loads occur suddenly such as at 
quitting time in a large industrial plant. 

Additionally, this invention provides circuits which 
enable the master controlling system to change from one 
to another of the alternative traffic control circuits sub 
stantially within a single sampling period when peak 
loads occur without encountering the usual time period 
delay often found in devices of this character. 

Incorporated in the circuit of this invention are con 
trols enabling the unit to have greater flexibility than 
has previously been found in such circuits. Contributing 
to such flexibility is the ability of the circuit selectively 
to detect one through four lanes of traffic and to com 
pensate the parameters of the circuit accordingly when 
the number of detectors is varied. It allows for control 
of the various traffic actuating mechanisms in accord 
ance with traffic densities which may be present by the 

4 
operator and additionally allows for the switching from 
one traffic actuating circuit to another at different traf 
fic density percentages depending on whether the load 
is increasing or decreasing. This ability to control the 

5 transfer points individually provides for not only greater 
flexibility but a more efficient degree of control and 
wider permissive variations. 
The principal object of this invention is to improve 

the flexibility and response time characteristics of traffic 
10 actuated control systems. A further object is to in 

crease the accuracy of the determination of densities of 
traffic and their respective assignment to provide traffic 
signal cycles. 
A further object is to increase the acceptable total 

15 variation over which traffic from the sampling detectors 
may be made to occupy the total selected range. A fur 
ther object is to simplify the adjustment of the system 
and the interpretation of the results provided by the sys 
tem by the provision of linear adjusting dials and indi 

20 cating scales. 
These and other objects are attained, in a preferred 

form of the invention, as shown in the appended draw 
ings, in which: - JSS S S AqLLES SqqSS SHE 

Fig. 1 is a block diagram of the several components 
25 of the invention; - . . . . . . . . . . 

Fig. 2 is a wiring diagram of the vehicle-detecting and 
wave-shaping circuits of the invention; 

Fig. 3 is a wiring diagram of the vehicle density av 
eraging and indicating circuits; 

30 Fig. 4 is a wiring diagram of the cycle computer; 
Fig. 5 is a block diagram indicating the manner in 

which Figs. 2, 3 and 4 are combined to form a complete 
circuit diagram of the preferred form of the invention; 

Fig. 6 is a front elevation of a control panel from 
35 which the several circuits of the invention may be op 

erated. 
Fig. 7 is a graph illustrating the operation of the in 

vention as applied to a traffic control problem. 
Turning to Fig. 1, the circuit of this invention is there 

40 generally shown in block diagram. As shown, the circuit 
here may be actuated by four detectors identified as de 
tectors 1 through 4. These detectors are of any standard 
type such as pressüre action actuated and are not per se 
part of this invention. The respective detectors are con 

45 nected to individual pulse-forming circuits identified by 
the numerals 1, 2, 3 and 4. These circuits serve to pro 
vide a pulse output as a result of the signal sent to them 
by their respective detectors. Each pulse former has its 
respective isolation diode as represented by box 5 in Fig. 

50 1, and pulse formers 1, 2, 3 and 4 are connected to their 
respective isolation diodes by leads 6, 7, 8 and 9 respec 
tively. The isolation diodes have the purpose of segre 
gating each of the pulse-forming circuits from the re 
mainder of the circuits of this invention. They also have 

55 included in their circuit neon indicating means, to be de 
scribed below, which will indicate to the operator which 
of the various detectors is being operated. These neon 
indicating lights are represented by numerals 11, 2, 13 
and 14. 

60. It will be understood that this invention may be adapted 
for use with more or less than four detectors, if desirable, 
merely by adapting the principles herein set forth. 
The pulse shaped output wave from the various isola 

tion diodes 5 is connected by lead 18 to pulse shaper 19. 
65 There the signal is amplified and sharpened so that the 

output signal is clean. This output signal is connected 
through lead 20 to flip-flop circuit 21 of substantially con 
ventional well known design. The output of this circuit 
is a square wave having an output of one cycle for every 

70 two input pulses, thus furnishing one cycle of output for 
each vehicle which passes over a given detector (since two 
pulses will be created by each two-axle vehicle). For pur 
poses to be later described, the flip-flop circuit is adapted 
to provide a full cycle of output for every input pulse 

75 when but a single detector is in use. This modification of 
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operation is effected through a resistance connection in 
lane switch 22 connected to flip-flop circuit 21 through 
lead 23, 
The output offlip-flop circuit 21 is fed into pulse-shaper 

25 through lead 26. In this circuit, the square wave is 
differentiated to provide a positive pulse; and the positive 
pulse amplified, producing an output wave 180° out of 
phase so that the output of the pulse shaper 25 is a nega 
tive pulse. It will be noted that this output represents one 
negative pulse for every full cycle of operation of the flip 
flop circuit 21. 
Connected to the pulse shaper 25 to receive the nega 

tive pulse output is a one-shot timed multi-vibrator 27 
connected to the pulse shaper 25 through lead 28. This 
multi-vibrator is adapted to generate a full cycle square 
wave of predetermined amplitude and adjustable duration 
for each negative impulse received. The duration of the 
square wave output is subject to two controls by the oper 
ator of the device. The first is the 100% density control 
29 connected to multi-vibrator 27 through lead 30. This 
density control in effect varies the timing of the multi 
vibrator by means of a potentiometer varying the applied 
voltage, to be later described. Its purpose is to enable 
the operator to set the circuit for the 100% density by 
assigning the approximate maximum level of traffic of 
the particular highway in question to the 100% point on 
the computer in accordance with ratings previously de 
termined by traffic engineers. As will be later described, 
this is an important setting since the circuit is adapted for 
alternative distribution of the traffic control circuits being 
regulated in accordance with percentages of normal traffic 
density. 
The other setting for the multi-vibrator 27 is through 

lane switch 22, connected to the multi-vibrator by lead 
31. This lane switch has incorporated within itself ca 
pacitors of values bearing relationships inversely propor 
tional to the numbers of detectors in the circuit at a given 
time, thus in effect serving to halve the time of the multi 
vibrator cycle when the number of lanes is double and so 
maintain proportionate traffic density percentages in the 
output circuits and associated meters or recorders. This 
lane switch, however, does not differentiate between the 
use of one and two detectors in the preferred form due 
to the compensation previously mentioned which is ap 
plied by the lane switch circuit 22 to the flip-flop circuit 21. 
As will be seen, the output of multi-vibrator 27 then 

is a square wave of uniform and constant amplitude and 
of predetermined and calibrated duration. One cycle of 
output is had for each input impulse received from any 
one of the detectors in the circuit at a given time. 
The square wave output from multi-vibrator 27 is con 

nected through lead 33 to charging circuit switch 34. This 
switch, in effect, emphasizes and shapes the output wave 
so that the output from switch 34 is a square wave of 
precise amplitude and duration as timed by the multi 
vibrator circuit. This output wave is impressed upon 
charge circuit 35 through lead36. Charge circuit 35 con 
trols the unit charge applied to a cumulative charge con 
denser for each pulse from Switch 34 so that the total 
charge on this condenser will be linear with respect to the 
total number of pulses, for a given adjustment of output 
pulse length of the multi-vibrator circuit. 
The charge circuit 35 is coupled through lead 37 to 

instantaneous density circuit 38. This latter circuit serves 
to sum up the charges impressed upon the charging circuit 
over a specific period of time in accordance with the RC 
constant of the circuit, this time period preferably being 
20 seconds. Accordingly, output voltage can be obtained 
from the instantaneous density circuit 38 which substan 
tially represents the density of the traffic being measured 
at a given time. This measurement can be shown on a 
meter connected in the instantaneous indicating and meas 
uring circuit 39, coupled to the output of instantaneous 
density circuit 38 through lead 40. The instantaneous 

O 

15, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
lead 42 to the up-down averaging time circuit 43. This 
circuit has a second RC constant of longer and variable 
duration ordinarily having periods from one to nine 
minutes. 
The output of the averaging time circuit 43 is fed into 

the averaging indicating measuring circuit 44 through line 
45, for amplification and coupling to both the metering 
and control portions of the circuit. - 
The outputs of the instantaneous measuring circuit 39 

and of the average measuring circuit 44 pass through 
leads 46 and 47 respectively, to switch 48 from which 
either one or the other may be connected to a density 
meter 50 or a recorder 51. The meter 50 is used to show 
the operator of the unit the density of the traffic in the 
particular lanes being checked; and the recorder, for mak 
ing a permanent record of same for later analysis. 

Lead 52 takes another portion of the output of the 
average indicating measuring circuit and connects it to 
a distribution network composed of a series of relay 
networks 53, 54, 55, 56 and 57. These units together 
constitute a cycle selecting computer and actuate relays, 
so that any of the relays associated with circuits 53, 54, 
55, 56 and 57 may be actuated according to the voltage 
on lead 52. As will be described below, only one of the 
output circuits from these relay units will be connected at 
a given time. Associated with each one of the units is 
an indicating neon light 58, 59, 60, 61, 62 and 63, re 
spectively, which serve to show the operator which one 
of the networks is in use at a given time. . 
The schematic circuit for the cycle computer of this 

invention is shown in Figs. 2, 3 and 4, which figures are 
interconnected as indicated in Fig. 5. 
Turning to these figures, the four individual detectors 

are coupled to this cycle computer circuit in the lefthand 
portion of the drawing. The incoming series of leads 
from the detectors are indicated by numerals 70, 71,72 
and 73. Since the four detectors are identical, only the 
one reached by the incoming leads 70 will be described. 
This will also apply to the subsequent pulse former cir 
cuits and isolation diode circuits. A switch 75 in line 
70 may serve to connect the detector to the remainder 
of the circuit. One side of leads 70 pass through con 
denser 76 and the primary of transformer 77 back to the 
other of leads 70. Connected across the primary of 
transformer 77 is another condenser 78. A charge of 15 
volts positive is placed upon condenser 76 from lead 79 
which is connected to the voltage divider circuit made up 
of resistances 81 and 82. These latter resistances are 
connected between a source of 150 volts positive poten 
tial and ground. The lower side of the primary of trans 
former 77 is grounded through resistor 83. As with 
most detectors, the type of detector to be used with this 
circuit is one having a normally open circuit temporarily 
closed as a result of the passage of a vehicle. This clos 
ing of the circuit, in effect, connects leads 70 together, 
thus allowing condenser 76 to discharge and passing a 
pulse of current through the primary of transformer 77. 
A resulting pulse will appear on the secondary of trans 
former 77 and pass through series resistors 85 and 86 to 
the grid of triode 87. Triode 87 and its associated circuit 
represents the pulse former circuit previously described. 
There is a comparable pulse former circuit for each de 
tector and preferably its pulse former circuits will be 
made up by use of a double triode of the 5965 type. 

If desired, the detectors may be connected to the re 
mainder of the circuit over standard telephone lines. 

It is to be noted at this point that a power supply is 
available for furnishing the necessary direct current 
voltages needed in the various portions of the circuit. 
Since this is the conventional design, it will not be de 
scribed. Note, however, that line 88 carries 150 volts 
positive direct current from this power supply. 
The series resistors 89 and 85 connected to voltage sup 

ply 88 on one end and through the secondaries of trans 
indicating and measuring circuit 39 is also coupled through is former 77 to ground on the other provide a voltage divid 
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ing circuit which gives a positive bias to the grid of tube 
87. The plate voltage of tube 87 is obtained through 
resistor 91 and the cathode of that tube is grounded. 
Tube 87 thus takes the pulse from the secondary of 

transformer 77 and shapes it for actuation of the cycle 
computer circuit. This pulse having resulted from the 
discharge of condenser 76 is substantially of a square 
wave form and has been further shaped by the limiting 
action of the circuit associated with tube 87. 
The output of this tube is coupled to the entire cycle 

computer circuit through isolating diode circuit asso 
ciated with diode 92 and represented in Fig. 1 by isola 
tion diode circuit 5. This coupling is from the plate of 
tube 87 through lead 93 and capacitor 94 to the plate of 
diode 92. The plate of this tube is returned to ground 
through resistor 95, thus, in conjunction with capacitor 
94, differentiating the input to this tube. The cathode 
of diode 92 is connected through lead 96 to lead 97 which 
in turn is connected through lead 98 and resistor 99 to 
ground. An indicator light, preferably a neon tube 100 
with incorporated series resistor 101, is connected be 
tween lead 93 and lead 102 and the latter passes through 
resistor 103 to ground, 
Thus it can be seen that the positive phase of the 

wave output of triode 87 will pass through the circuit 
of diode 92 through leads 96 and 98 to the grid of tube 
110, and the diode 92 effectively isolates the pulse form 
ing tube 87 and its preceding circuit from the circuit fol 
lowing diode 92. Whenever there is an output wave 
from pulse forming tube 87, it will also serve to light 
neon indicator light 100 and so inform the operator that 
that circuit is operated. - 

It will be noted that the outputs of all four of the 
isolation diodes, as represented by tube 92, are connected 
to lead 97 and thus through lead 98 to the grid of triode 
110. Likewise, all of the indicating neon lights, such as 
light 100, are at the potential of lead 102 to provide 
proper operating point for these lights. 

Triode 110 and its associated circuits make up the 
pulse shaper circuit 19 previously referred to. This cir 
cuit receives positive pulses from the output of the vari 
ous isolation diodes and has as its output a sharp nega 
tive pulse which has been further shaped. The plate of 
triode 110 is connected to D.C. voltage line 88 through 
resistor 111. The cathode is biased positively by the 
voltage divider circuit consisting of resistors 112 and 103 
connected between positive line 88 and ground. The 
cathode is also connected to ground through condenser 
113. 
The output of the pulse shaper circuit of tube 110 is 

led from the plate of that tube through lead 117, con 
denser 118 and lead 119 to both of the cathodes of the 
double triode 120, 21. Double triode 120, 121 is pref 
erably of the 5965 type and this tube and its associated 
circuits make-up the flip-flop circuit represented by 
numeral 21 in Fig. 1. 
The flip-flop circuit of triodes 120 and 121 is of a sub 

stantially conventional nature. The plate of tube 120 
is connected to the source of positive D.C. potential 
through resistor 22 and lead 123. The output of that 
plate passes through lead 124 and the parallel combina 
tion of resistor 25 and condenser 126 to the grid of 
triode 21. The plate of triode 121 obtains its positive 
D.C. potential through resistor 128. The output of the 
plate of triode 121 passes through lead 129 to the paral 
lel combination of resistance 130 and condenser i3 to 
the grid of triode 120. The cathodes of the two tubes 
are interconnected through lead 133 which is grounded 
through resistor 34. The grid of triode 12 is grounded 
through resistor 35. The grid of triode 120 passes 
through lead 37, resistor 138 and lead 139 to junction 
140 associated with terminals of Switch 41. Switch 
141, as will be described below, is lane Switch 22 of Fig. 
1. Junction. 140 is directly connected to the positions 
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ground through lead 164 and resistance 165. 

8 
connected through resistor 142 to the terminal represent 
ing one lane. If, however, it is in the position represent 
ing one lane, there will be the series resistor 142 in the 
circuit, contact arm 180 connecting via lead 188 to 
ground. - 
The parameters of the flip-flop circuit are so adjusted 

that for every pulse applied to its input, lead 119, there 
will be one-half cycle of operation, that is, one-half of 
the double triode will switch from conducting to non 
conducting and the other half from non-conducting to 
conducting, as long as resistor 142 is not in the circuit. 
Under these circumstances, therefore, for every two 
input pulses applied to the cathode lead 133, one full 
cycle of operation will result. However, when switch 
14i is in the one lane position and resistor 142 is in the 
circuit, the flip-flop circuit will then act as a one-shot, 
multi-vibrator circuit and a full cycle will be effected by 
each input pulse. 
As can be seen then when the circuit is adjusted for 

the 2, 3 or 4 lane positions, the two pulses resulting from 
one automobile crossing a particular detector will result 
in but one cycle. With a single detector in use, that is 
with Switch 141 in the one lane position, two full cycles 
will result. This, however, is compensated in the sub 
sequent one-shot, multi-vibrator circuit 27, previously 
mentioned. 
As with any circuit of the nature of the flip-flop. cir 

cuit formed by tubes 120 and 121, the output is in the 
form of a square wave. This output is preferably taken 
from the plate of triode 120, through leads 124 and 144, 
condenser 145, lead 147 to the grid of triode 148. Lead. 
147 is grounded through resistance 49 thus serving to 
differentiate the square wave output of the flip-flop cir 
cuit producing a differentiated wave consisting of a 
series of positive pulses, one for each output cycle of the 
flip-flop circuit. 

Triode 148 and its associated circuits constitute the 
pulse shaper 25 referred to in Fig. 1. The plate voltage 
is obtained from line 88 through resistor 152. The grid 
of triode 148 is negatively biased by applying a positive 
potential to the cathode of this tube through the voltage 
divider circuit made up of a series of resistances 53 and 
155 which are connected between line 88 and ground, 
the cathode being connected to the mid-point on these 
resistors. The cathode is connected to ground also 
through condenser 156. Thus, this pulse shaper tube 
148 serves to amplify and shape the positive input pulse 
applied to its grid and produce a negative output pulse of 
predetermined form and amplitude on lead 158 running 
from the plate of that tube. 

This negative pulse is led through lead 158, condenser 
159 and lead 6) to the plate of triode 16. Triode 
16 and triode 62 are preferably a double triode tube 
of the 5965 type and, together with their associated 
circuits, make up the one shot timed multi-vibrator cir 
cuit 27 referred to in Fig. 1. This multi-vibrator circuit 
is substantially of the normal type, except that it provides 
carefully calibrated means for varying the RC constant 
by the capacitance and timing adjustment by voltage 
and thus for varying the period of the square wave out 
put. The plate of triode 161 is connected to the source 
of D.C. positive potential 83 through lead 60 and re 
sistance 163. The cathode of this tube is connected to 

The plate 
of tube 162 is connected to the D.C. potential 88 through 
lead 168 and resistance 169. The cathode of this tube 
is grounded through lead 70 and resistance 165. The 
plate of triode 162 is connected with the grid of triode 
161 through leads 168, 72 and the parallel combination 
made up of resistor 173 and condenser 174. The grid of 
triode 61 is also connected through resistor 75 to 
ground. 

It is in the grid circuit of triode 162 that the aforemen 
tioned calibrations of the output wave as to period are 

of lane switch 141 representing 2, 3 and 4 lanes. It is 76 obtained. This grid is connected through leads 176, and 
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177 to the other half of switch 141. This switch is a 
gang switch having two four position contacts. One side 
of the gang has previously been described in connection 
with the flip-flop circuit and junction point. 140. The 
other half of this gang switch serves to provide the 
capacitance in the connection between the grid of tube 
162 and the plate of tube 161. Thus, lead 177 connects 
to the contact arm of the second half of the gang switch 
141 and may thus be connected to any one of four posi 
tions which represent the number of lanes or detectors 
in use. The terminals for the one and two lane posi 
tions are interconnected as one circuit, bridged by lead 
178, and led through condenser 179 to lead 182. The 
contact position for the three-lane connection leads 
through condenser 183 to line 182 and for the four-lane 
position through condenser 184 to line 182. Lead 182 
goes through lead 160 to the plate of triode 161. Thus, 
the capacitance for the RC constant of this half of the 
multi-vibrator circuit may be varied. 

Capacitance 179 is preferably 0.01 microfarad. Ca 
pacitance 183 is preferably 0.0068 microfarad and capaci 
tance 184 preferably 0.0051 microfarad. The ratio be 
tween these three capacitances, as can be seen, is sub 
stantially that of the reciprocals of 2, 3 and 4 respectively. 
Thus, the time constant can be varied in proportion to 
the number of detection units in use. This variation is 
proportionate to the number of detection units and so 
can serve to adjust the percentage density determination 
in accordance with the number of lanes used. 
As previously described, when there is but one lane 

used the first half of gang switch 41 adds resistor 142 
to the flip-flop circuit, making it a one shot multi-vibrator 
and so doubling the number of output pulses from the 
flip-flop circuit per input pulse in comparison to the 
number had when the resistor 142 is out of the circuit 
as when gang switch 141 is in either the 2, 3 or 4 line 
position. This variation compensates for the lack of a 
separate larger condenser in the circuit leading between 
the grid of tube 162 and the plate of tube 161 when the 
switch is set in the one-lane position. Accordingly, when 
the unit is set for one-lane operation, the time period of 
the output wave of the multi-vibrator circuit of tubes 16 
and 162 will not be double that for the two lane position 
but there will be twice as many pulses due to the modifi 
cation of the flip-flop circuit previously described. 
The second variable in the RC timing associated with 
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the grid of tube 162 is provided by the connection of 
grid lead 176 through lead 185 and resistor 86 to the 
variable tap of potentiometer 87. This potentiometer 
impresses a positive D.C. voltage upon the grid of tube 
162 through the voltage divider circuit connected between 
the D.C. line 88 and ground. This circuit is made up of 
resistor 190 in series with variable resistor 191, parallel 
resistors 192 and 593, variable resistor 194 and resistor 
195. Resistor 192 is the resistance of potentiometer 187. 
Variable resistors 191 and 194 are calibrating resistors 
used solely for adjustment of the circuit. 

Potentiometer 187 is the traffic density control for the 
100% indication on the density meter to be described 
below. Adjusting the potentiometer 187 toward the end 
of higher potential causes the time to become shorter as 
Would correspond to a high density setting and, con 
versely, adjusting the potentiometer 187 toward the lower 
potential and provides a longer time period before tube 
162 returns to its normal conducting condition, corre 
sponding to a low density setting. 
As will be described below in more detail, the object of 

the adjustments obtainable in the length of the period of 
the output of this multi-vibrator circuit through poten 
tiometer 187, in conjunction with resistor 186 and the 
condenser half of switch 141 are to vary the period in 
accordance with the number of detectors and the predeter 
mined traffic density percentages of the highway in 
question. Accordingly, since the period of the output 
wave from the multi-vibrator determines the readings and 
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10 
is linear with respect to dial marking in the sub 
sequent density measuring circuits, the result will be shown 
in terms of percentages. 
The output from the one shot multivibrator made up 

of tubes 161 and 162 is preferably taken from the plate of 
tube 161 through leads 160, 182, 196, condenser 197, and 
lead 198 to the grid of triode 200. Triode 200 and its 
associated circuit is the charging circuit switch 34 re 
ferred to in Fig. 1. The plate potential for this tube is 
obtained from D.C. line 88 through lead 201 and resistor 
202. The grid of tube 200 is held at a positive potential of 
150 volts but it is connected to lead 88 through lead 201 
and resistance 203. The cathode of this tube is grounded. 
As will appear below, the timing in this electronic cycle 

computer is determined by passing known amounts of 
charge through a resistor for each actuation impulse re 
ceived from the multivibrator. In order to secure uni 
form charge from each actuation, the timed output of the 
one shot multivibrator, as received through leads 160, 
182 and 196, is passed via condensed 197 to the grid of 
switch tube 200. This tube is normally conducting due 
to the positive grid bias. Upon receipt of a timed negative: 
impulse from the one shot multivibrator, tube 200 be-, 
comes non-conducting and, therefore, its plate voltage: 
rises to the applied D.C. potential of 150 volts. This: 
positive change in voltage is directly connected via lead 
204 through 4 microfarad condenser 205 and lead 206, 
to resistor 207. Essentially no drop occurs across con 
denser 205 during the timed interval so that, in effect, 
the full change in voltage which occurs in the plate cir 
cuit of switch 200 is applied to resistor 207. 

Resistor 207 is connected to the plate of the diode tube 
210. The cathode of this tube is connected through lead 
211 to the parallel combination of resistor 212 and 2 
microfarad condenser 213 and thence to ground. Thus 
the change in voltage applied to resistor 207 charges con 
denser 213 through diode 210. Resistor 207 controls 
the current, and the length of time that the one shot multi 
vibrator is turned on (calibrated as above described) 
determines the amount of charge applied to resistor 212 
and condenser 213. `.… - 
Also connected to lead 206 through lead 215 is the 

cathode or diode 216. The plate of this diode is con 
nected through lead 217 and resistance 218 to a source of 
150 volts negative D.C. potential is obtained from the 
power supply. 

This plate is also connected through lead 220 and re 
sistance 221 to lead 215. The charge side of condenser 
213 is applied through lead 225 to the grid of triode 226. 
This tube and its associated circuits are referred to in 
Fig.1 as the instantaneous density measuring circuit 39. 
The cathode of tube 226 leads through resistance 227, 
lead 228 and resistance 229 to ground. The cathode is 
also connected through resistor 230 to lead 217. This 
triode 226 is connected as a cathode follower for purposes 
to be later described. The plate of tube 226 is connected 
through lead 233 to the cathode of triode 234, the plate 
of which is connected to a source of 300 volts positive 
potential identified by line 235. The grid of this latter 
tube is also connected to this potentinal through resist 
ance 236. This grid is connected to the plate of gas filled 
tube 240, the cathode of which is connected through line 
241 to the cathode of triode 226. 
Thus it can be seen that the voltage on condenser 213 

is applied directly to the grid of tube 226. Since this 
latter tube is a cathode follower circuit arrangement, 
the cathode essentially follows the grid voltage and 
through a potential divider combination comprising re 
sistors 230 and 218, the voltage from the junction of 
these two resistors passes through diode 216 and is used 
as the restoration voltage for the one side of condenser 
205 when the switch tube 200 is turned off. Therefore, 
the combination operates such that if a timed detector 
impulse is received, an added potential difference appears 
at resistor 212 and condenser 213. Since the side of con 



denser. 205, connected to;charge resists; 297 is returned; 
at the end of each cycle-to-essentially, the same: voltage 
that then exists on condenser 213, as a result of the 
Voltage divider circuit associated with diode 216, the 
arrangement provides the charging, resistor. 207 with the 
Same voltage for eachimpulse regardless of the voltage. 
existing on condenser 213. This allows for a linear in 
crease of the voltage on condenser. 213 corresponding to 
the number of impulses. - 

Thus, it can be seen that the: voltage on condenser. 213 
is, a function of the number of impulses, received by: it 
per unit time, together, with the RC, constant which de 
termines its discharge time. Resistor 212 is preferably 
10 megohms, and condenser 213, 2: microfarads, pro 
erably. 10 megohms and condenser:213 microfarads, pro 
viding a time constant of 20 seconds. This 20 second 
since the voltage on condenser, 213 is proportionate to 
the number of impulses per unit time over, the 20 seconds. 
just preceding: - - 
The voltage, correspondings to instant density may be: 

measured at the cathode of tube. 226. In order: to ims 
prove the limit of linearity of the operation of this cir 
cuit, gas tube-240, as has pereyiously been: described, is: 
connected to the cathode circuit of tube. 226 with its 
other side connected through resistor 236 to 300 volts. 
positive poten?ial. Since tube 240. ista; constant voltage. 
drop, tube, preferably of the OB2 type, the grid of tube. 
234, also, rides at a constant voltage; above: the cathode 
of tube. 226. By this operation the cathode of tube, 234 
also rides essentially, in constant voltage above the cath 
ode of tube. 226 and; thus provides an increasing plate 
voltage for, tube. 226 as, grid voltage; is applied to it. 

increase at the cathode of tube 226 would consume most 
of the cathode to plate voltage on this tube:...and, there 
fore, there; would beaconsiderable dropping-of or decay. 
of the linearity, of output of tube. 226. for large input 
voltages, 

... The average density: measuring and, indicating circuit 
44 and the up-down averaging time circuit 43 of Fig. 1 
will now be described. The cathode voltage of tube. 226 
taken from line. 241 is: a D.C.. voltage corresponding to. 
the instantaneous traffic density; This voltage is now 
applied to a condenser circuit having: a time constant: 
which is variable from one to nine minutes in order to 
obtain, an average density, measurement over the selected 
longer time period, Accordingly, the voltage online-24. 
is led through line. 242 to the lower end of the group of 
series resistors 243, 244, 245, 246, 247 and 248. The 
junction points of these resistors...are: each: connected to 
a terminal of the multi-position switch; 250, the output 
from this: switch being obtained: online 255. Line · 255 
leads into a second multi-position switch. 256 havings 
terminals associated with a second group of comparable. 
series resistors, 257,258,259,260, 261 and 262. These 
resistors are connected through lines 265, resistance. 266 
and line 267 to series,condensers 268 and 269, respectively. 

Condenser. 269 has a dual function. 
predetermined voltage with respect to ground so... that 
when the apparatus:... is first turned on, the apparatus 
operates as if this voltage were stored in condenser-268. 
and thus the apparatus will start-up: at a predetermined: 
desired starting level of the orders of 70% on the 0-100% 
density scale, for example. Another function of con 
denser. 269 is to permit condenser. 268; to be operated at: 
approximately one half of the voltage it would have to . 
have - if its return were connected: directly:: tos ground. : 
The junction between these: two condensers is connected. 
by-line: 270 to the: midpoint of thex voltage divider-made. 
up of series resistors271 and 272:connected between the 
source of 150 volt positive voltage and ground; 
Thus it can be seen that the potential received from 

the instantaneous; density measuring-circuit; on leads:241. 

If ????? 

the tubes 240 and 234 were not provided the large-voltage. 

It provides a 
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12 
the circuit of switch; 250, and thence through one of the 
resistors associated with circuit 256 through lead 265, 
resistance 266, lead 267 and condensers 268 and 269; 
A charge is thus added to condenser 268 in this manner: 
The RC. time constant may be different for a situation 
where: there is rising voltage as against where the voltage 
is falling. When the voltage on line 241 is increasing. 
current will flow. from line 241 through line 275, line: 
276 and the left side of double diode 277 through line: 278 
to switch 256, and its associated resistance. When it, is: 
decreasing, the flow will be from line 241 through line: 
242, one of the resistances associated with switch 250, 
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line. 255, line 278, the righthand side of diode 277 and 
lead 280 to resistor 266 and beyond. Consequently the 
time, constant of this circuit may be different in periods, 
of rising voltage from that of decreasing voltage depend-: 
ing upon the settings of switches 250 and 256. 

Voltage online. 241 is determined by the 20 second or 
instantaneous, traffic density, whereas the voltage online: 
267 is determined by the longer period or average traffic 
density; the integrating period of which is set by the: 
switches. 250 and 256. Thus, when the instantaneous: 
traffic density is higher than the average traffic density;. 
the integrating rate set by switch 256 will be in effect: 
and in the reverse case the integrating period, set by. 
switch 250 is in effect, which will correspond generally. 
but not necessarily always, with increasing and decreas 
ing traffic density respectively. - 
A condenser 279 is connected across lines 276 and 278 

to eliminate any 60 cycle hum which may exist, in the 
circuit. 
The object of having two separate banks of resistances, 

one associated with each of switches 250 and 256, is to: 
provide for two different time constants for the up-down, 
averaging time circuit 43. As stated, which bank is used. 
depends upon whether the voltage represented by the: 
average density is increasing or decreasing, that is, wheth. 
er the instantaneous density is higher or lower than the: 
average density. This is desirable since traffic situations. 
may arise in which more rapid change from one cycle. 
circuit to another cycle circuit is desirable either when 
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the traffic is increasing or when it is decreasing. In 
short, greater flexibility is provided. 

As previously mentioned, the positive voltage on con 
denser 268 at line 267 is a function of the traffic density. 
average over the particular time period selected by 
switches 250 and 256. This is referred to as the average 
density. This voltage is applied to the grid of triode 285, 
which is wired as a cathode follower. This tube and its 
associated circuits is referred to in Fig. 1 as the average: 
indicating measuring circuit 44. The plate of this triode: 
285 is connected through lead 284 to the cathode of tri 
ode 286, the plate of that tube being connected to lead 
235, the source of 300 volts positive D.C. potential. 
The grid of tube 286 is also connected through resistor 
287 to line-235. This grid is connected in addition to the 
plate of gas tube 290, preferably the OB2 type; the cath 
ode is connected through leads 291 and 292 to the cath 
ode of triode 285. Cathode of triode 285. is connected. 
through series resistors 293 and 294 to ground, thus, 
completing the cathode follower circuit. 
The operation of tubes 286 and 290 in association with 

tube 285 is to improve the limit of linearity of the opera 
tion of this circuit and corresponds in operation to tubes. 
234 and 240 associated with triode 226. 

It can be seen, therefore, that the voltage obtained on 
junction point 297 between resistors 293 and 294. fol. 
lows the voltage applied to the grid of tube 285 and so 
is directly proportional to the voltage on condenser 268, 
which represents the average trafic density. Correspond, 
ingly, the voltage at junction point 298, located between 
resistors 227 and 229, is proportional to the instantaneous 
traffic density, as has been above, described. 

and 242 goes through-one of the resisgrs-associated with..s., These: Voltages are used: tos operate; a. meter or a rest 
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corder and the cycle controlling circuits for the distribu 
tion network. 
Two-gang multiple position switch 300 serves to com 

plete the circuits for utilization of either of the two 
voltages. The first gang of the switch, as represented 
by the upper half above the insulator 299 in Fig. 3, serves 
to connect either of these voltages or testing voltages with 
the milliameter 301 through line 302. In the first posi 
tion of the switch, the instant density voltage from junc 
tion point 298 is connected to the meter through lead 
303, variable calibrating resistance 304, and lead 305. 
The second gang of the switch 300, when it is in the first 
position, serves to complete the meter circuit. The other 
side of the meter is connected through lead 307, resistor 
308, lead 309 (which bridges connecting terminals 310 
and 311 when a recorder is not in use), lead 312, the 
second gang of switch 300, lead 313, and potentiometer 
circuit 314 connected at the variable tap 315. This po 
tentiometer circuit consists of series resistors 316, 317, 
and 318 connected between a source of 150 volts posi 
tive potential and ground. The variable tap 315 is on po 
tentiometer 319 which is wired in parallel with resistor 
317. 
When switch 300 is in its second position, the meter and 

recorder will be actuated not by the instantaneous density 
voltage but by the average density voltage. This is ob 
tained from junction point 297 through lead 322, variable 
calibrating resistance 323, and lead 324, connecting with 
the second terminal of the first gang of switch 300. The 
circuit to the meter is then completed, as with the first 
position of the switch, except that lead 312 now connects 
through the second gang of the switch, thence to lead 
326 and the variable tap on resistor 317, previously 
described. 
The remaining positions of switch 300 are for purposes 

of testing the accuracy of the power, supply voltages. 
When the switch is in the third position, lead 302 going 
into the meter will then be connected to a source of 300 
volts positive potential through resistor 328 and lead 
329, going into the third position terminal of the first 
gang of the switch. Lead 312 will be connected through 
the second gang of the switch to ground by lead 334, 
thus resulting in an application of 300 volts potential to 
meter 301. • 

A second test point is the 150 volt positive potential 
test obtained in the fourth position of gang switch 300 
through resistor 332 and lead 333. In this instance, lead 
312 from the meter is connected to ground through the 
fourth position of the second gang of switch 300 and 
lead 330. , 

The negative potential of 150 volts is tested when 
switch 300, is in its fifth and last position. In that in 
stance, lead 302 is grounded through the first gang of the 
switch and lead 335. The negative potential is applied to 
the meter through resistor 337, lead 338 and the fifth 
position of the second gang of switch 300 connecting to 
lead 312. It will be understood that in each instance of 
voltage tests, the meter... will have been previously 
calibrated. - - - 

As previously mentioned, a recorder of any standard 
type may be placed in the circuit. In this instance bridge 
309 is broken between terminals 310 and 31, and the 
recorder is connected to these terminals. A bridge is 
then placed between terminal 310 and terminal 339, short 
ing out resistance 308 and thus maintaining the balance 
of the circuit. 
One of the primary objects of the present invention is 

to provide a means for switching on one of a plurality of 
traffic control circuits as selected by the traffic density in 
the various highway lanes being detected. This is best 
accomplished by the network distribution circuit now to 
be described. 

Lead 292 connected to the cathode of tube 285 in a 
cathode follower type of circuit reflects, as had previous 
ly been described, a voltage proportionate to the positive 
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circuits for the remaining tubes are comparable. 

14 
voltage on lead 267. This voltage is a function of the 
average traffic density over the time period set in ac 
cordance with switches 250 and 256. Thus, the voltage 
on lead 292 is a positive direct current voltage follow 
ing slowly over the averaging period in accordance with 
the trafic density. 

This voltage on lead 292 is carried by lead 345 into 
the distribution network circuit. This circuit is pref 
erably made up of five equivalent circuits identical in 
operation except for their circuit parameters. The cir 
cuit is made up of five triodes 346, 347, 348, 349, 350. 
The plates of each of these triodes are connected to a 
source of 145 volts positive D.C. potential 351 through 
their respective relay coils 352, 353, 354, 355 and 356. 
These relays each have two contact arms which are nor 
mally in the down position as shown in the drawings 
when their respective relay coils are de-energized. Thus, 
relay coil 352 actuates armatures 357 and 358; coil 353 
actuates armatures 359 and 360; coil 354 actuates arma 
tures 361 and 362; coil 355 actuates armatures 363 and 
364; and coil 356 actuates armatures 365 and 366. 
The grid of triode 346 is connected through lead 370 

to armature 357 and from there through condenser 371 
to ground. The cathode of that tube is grounded. The 

The 
grid on tube 347 is connected through lead 372 to arma 
ture 359 and then through condenser 373. The grid of 
tube 348 is connected to armature 361 by lead 374 and 
then through condenser 375 to ground. The grid on 
tube 349 is connected to armature 363 through lead 376 
and then through condenser 377 to ground. The grid of 
tube 350 is connected through lead 378 to armature 365 
and then through condenser 379 to ground. The cathodes 
of each of these tubes are grounded. 

Each of these five triodes has a grid signal applied to 
it which is a function of the voltage on line 345, the 
voltage set on a calibrating voltage dividing network, and 
whether or not the tube is at a given time conducting or 
non-conducting. The voltage dividing net-work is made 
up first of series resistors 385, 386, 387, 388, 389, 390, 
391, 392,393, 394, 395, 396 and 397 connected between 
a source of minus 150 volts D.C. potential and ground, 
the first of these resistors being a grounded one. Resis 
tors 385 and 397 are variable resistors so that the initial 
adjustments to the circuit to provide for zero percentage 
and 100% traffic density may be made. 
The voltage dividing net-work for tube 346 is made 

up of lead 400 connected between resistors 386 and 387 
and going to parallel resistors 401 and 482 which are 
connected to lead 403 which runs to the junction point 
between resistances 391 and 392. Resistors 405 and 406 
are series connected between input lead 345 and a varia 
ble tap on resistance 401. The lower contact point 407 
for armature 357 is connected between resistances 405 
and 406. Resistances 409 and 410 are connected in 
series between lead 345 and the variable tap on resistance 
402. The mid-point of these two resistances is connected 
to the upper contact point 411 on armature 357. 
The circuit arrangement for obtaining grid bias on the 

other four tubes is comparable, thus parallel resistances 
415 and 416 are connected between the junction point 
of resistances 387 and 388 and the junction point of re 
sistances 392 and 393. Series resistors 417 and 413 lead 
from line 345 to the variable tap on resistance 415, their 
mid-point being connected to lower contact point 419 
and armature 359. Resistances 420 and 42 are con 
nected in series between line 345 and the variable tap 
on resistance 416, their mid-point being connected to 
the upper contact point 422 of armature 359. 

Parallel resistances 425 and 426 are connected between 
the mid-point of resistances 388 and 389 and the mid 
point of resistances 393 and 394. Resistances 427 and 
428 are connected in series between line 345 and the 
variable tap on resistance 425, their mid-point being 
connected to the lower contact point 429 of armature 
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361. Series resistances 430 and 431 are connected in 
series between line 345 and the variable tap on resistance 
425, their mid-point being connected to the upper con 
tact point 432 of armature 361. Parallel resistances 435 
and 436 are connected between the junction of resistances 
389 and 390 and the junction to resistances 394 and 395. 
Series resistors 437 and 438 are connected between line 
345 and the variable tap on resistance 435, their mid 
point being connected to the lower contact point 439 of 
armature 363. Series resistors 440 and 441 are connected 
between line 345 and the variable tap on resistance 436, 
their mid-point being connected to the contact point 442 
of armature 363. 

Parallel resistances 445 and 446 are connected between 
the junction of resistances 390 and 39 and the junction 
of resistances 395 and 396. Series resistances 447 and 
448 are connected between line 345 and the variable tap 
and resistance 445, their mid-point being connected to 

10 

ls 

the lower contact point 449 of armature 365. Series 
resistances 450 and 451 are connected between line 345 
and the variable tap on resistor 446, and their mid-point 
is connected to the upper contact arm 452 of arma 
ture 365. - 

Associated with each one of the five triodes and their 
respective relays are five distribution circuits which are 
designed to provide a voltage on any one at any given 
time to actuate the outside circuits. The objective is to 
have but one outside circuit, such as a traffic control 
circuit, operated at any given time and to switch from any 
one to any other of the actuating circuits in accordance 
with the control voltage found on line 345 and represent 
ing the average traffic density. - ` 
A voltage to be applied to the traffic control circuit is 

represented at 460 as positive voltage. As shown in the 
drawing, this voltage goes through lead 461 through arma 
ture 366, lower contact point 462, lead 463, armature 
364, lower contact point 465, lead 466, armature 362, 
lower contact point 467, lead 468, armature 360, lower 
contact point 469, lead 470, armature 358, lower contact 
point 47 and lead 472 to output control point A. It 
will be understood that this circuit will be broken if any 
of the five armatures are raised as would occur when the 
respective armature coil is energized. This latter occurs 
when the particular tube in series with the coil becomes 
conducting, as will be described below. Associated with 
armatures 358, 360, 362, 364 and 366 are upper contact 
points 475, 476, 477, 478, 479, respectively, which con 
nect the armature to output control points B, C, D, E 
and F, respectively. The six control points A through 
F are comparable to the similar control points shown 
in the above mentioned Patent Number 2,288,601. It 
is therefore seen that there have been provided six dif 
ferent control possibilities in this circuit, though the cir 
cuit may easily be designed for a greater or fewer num 
ber, if such is desirable. 
So that the operator of the unit may know which par 

ticular output control circuit is in operation at a given 
time, there are provided neon indicating lamps 480, 481, 
482, 483, 4S4 and 485 connected between the respective 
contact points A through F inclusive and ground. As 
indicated in the circuit, each of these neon lights has 
incorporated within its own-circuit a series resistor; as a 
Satisfactory tube for this purpose would be one of the 
NE5! type. 
As previously mentioned, this distribution net-work 

control circuit is controlled by the positive voltage on 
line 345. In the drawing as shown, all of the coils 352 
through 356 are de-energized and their respective arma 
tures are in their normal or resiliently biased position 
so that the control voltage from point 460 is fed to con 
trol point A. This would indicate that the voltage on line 
345 is very low due to low traffic density, for example. 
The points in terms of percentage traffic density at 

which it is desired that the distribution net-work be 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

6 
voltage online 345 is increasing are set by adjusting the 
variable taps on resistances 401, 415, 425, 435 and 445 
respectively. Since each of these variable taps is associ 
ated with a voltage divider circuit, the voltage obtained 
on each of these taps can be varied. These voltages, 
however, should be so adjusted as to become more nega 
tive as we move from the tap on resistance 401 to the tap 
on resistance 445. This adjustment then, as will be later 
described, sets the point at which the respective tubes 
become conducting and so energize their respective relay 
circuits. 

Comparably, the taps on resistances 402, 416, 426,436 
and 446 are adjusted for use when the voltage on line 
345 is decreasing. These voltages also are more nega 
tive with respect to each other as we go from that on the 
tap associated with resistance 402 to that on the tap 
associated with resistance 446. It is to be noted, however, 
that the voltage on the tap associated with resistance 401 
is less negative than the voltage on the tap associated 
with resistance 402. This also applies to resistances 415 
and 416, resistances 425 and 426, resistances 435 and 
436 and resistances 445 and 446. This difference in volt 
age allows the traffic density percentage, at which point 
the circuit switches from one output control to another, 
to be greater for increasing as against decreasing traffic 
volume. 
As stated above, the relays as shown in this drawing 

are all in their de-energized positions. In this situation, 
the grid voltage on triode 346 is obtained through lead 
370, armature 357, and lower contact point 407; it will 
be seen that series resistances 405 and 406 comprise a 
voltage dividing net-work as between line 345 and the tap 
on resistance 401, thus providing the grid voltage on lower 
contact point 407. When the voltage in line 345 be 
comes sufficiently high to bring the voltage at point 407 
above the cut-off voltage for tube 346, this tube will then 
conduct. Once it conducts, coil 352 will be energized 
and relay armatures 357 and 358 will be shifted to their 
energized positions, contacting the upper contact points 
411 and 475, respectively. The contact arms 358, 360, 
362,364 and 366 are all adjusted to make before they 
break contact. 
The contact arms 357 and 358 having connected to 

their respective energized contact points 411 and 475, it 
will be seen then that the voltage 460 will no longer be 
applied to control point A but will now be applied to 
control point B, and that the grid voltage for tube 346 
will no longer be obtained from point 407 but will be 
obtained from point 411 (point 411 being connected to 
the mid-point of resistors 409 and 410 which make up a 
voltage dividing net-work between line 345 and poten 
tiometer 402), and the voltage on the grid of tube 346 
will thereafter be controlled in accordance with the volt 
age set on the tap on resistance 402 for decreasing traffic 
density. Since the voltage on the tap on resistance 402 
is less negative than the voltage on the tap on resistance 
401, the grid voltage resulting will be above the cut-off 
point until the voltage on line 345 drops below that which 
the line had when tube 346 first became conducting. 

It will be seen due to the different and more negative 
settings of the potentiometer networks associated with the 
other four tubes that at the point at which the voltage on 
line 345 becomes sufficiently positive to cause tube 346 
to conduct, as previously described, it will not be suffi 
ciently positive to cause any of the remaining tubes to 
conduct. As it increases, however, the voltage on lower 
contact point 419 likewise increases in accordance with 
the setting of the variable tap associated with variable 
resistance 415. At a certain point, as the voltage in line 
345 increases, the voltage on contact point 419 will reach 
the cut-off voltage of tube 347. Since this voltage at 
point 419 is applied to the grid of tube 347 through con 
tact arm .359 and lead 372, this tube will then become 
conducting. When this occurs, relay coil 353 will be 

switched from one control point to another when the is energized and relay arms 359 and 360 will move to their 
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various cycles as the panel board has been set in Fig. 6. 
Thus, beginning with a zero percentage traffic density 
and increasing to 100% it will be seen that cycle A will be 
controlling until the traffic reaches 25% density, at 
which point cycle B will control; when 40% is reached, 
it will switch to cycle C where it will remain until it 
reaches 55%, at which point a switch is made to cycle D. 
At the 70% point, a switch will be made to E and at the 
85% point to F. When the percentages are decreasing 
from 100%, it will be seen that the circuit will switch 
to cycle E at 80%, to cycle D at 65%, to cycle C at 50%, 
to cycle B at 35% and to cycle A at 20%. It should 
be noted that due to the design of the distribution net 
work control circuit, these switches from one to another 
cycle will be made substantially instantly as the voltage 
in line 345 corresponding to changes in traffic density 
Watles, 

... As previously described, the actuation of any of the 
detectors by a passing vehicle serves to close the detector 
circuit twice (once for each axle) thus producing a 
pulse wave in the primary and secondary of transformer 
77. This wave will be formed in tube 87 and the posi 
tive phase of this wave will pass through isolation diode 
92 to leads 97 and 98 to pulse sharpening tube i 10. At 
the same time, these input pulses can be observed visu 
ally on neon tube 00 on the panel board. The output 
of pulse sharpening tube 110 will be a sharp negative 
pulse which is carried by lead 17, condenser 18 and 
lead 119 to the flip-flop circuit represented by triodes 
120 and i21. Except when the circuit is set for single 
lane detection, each pulse will cause one-half cycle of 
operation of the flip-flop circuit, thus producing one full 
cycle for every vehicle detected. Where single lane 
operation is called for, two complete output cycles will 
result from each vehicle. 
The square wave output of the flip-flop circuit is car 

ried out by lead 124, the differentiating circuit made up 
of condenser 145, lead 146 and resistance 149, and lead 
147 to the grid of a second pulse sharpening tube 148. 
Since the wave is differentiated it will take a pulse form 
and the output of the pulse sharpening tube 148 will be 
a series of negative pulses impressed upon lead 158. 

This signal then passes into the biased multi-vibrator 
circuit represented by triodes 161 and 162. The period 
of this circuit has been previously adjusted by the ?? 
sitioning of Switch 141 and potentiometer 187 and, as 
a result, the output of the multi-vibrator circuit is a 
Wave of predetermined amplitude and carefully calibrated 
period. This output wave is fed into the grid of charging 
circuit Switch tube 200 and serves to change it from nor. 
mally conducting to temporarily non-conducting, in ac 
cordance with the predetermined period of the multi 
vibrator. 

The output from the tube 200 passes through con 
denser 205, resistance 207, and diode 210 to the par 
allel combination of resistance 212 and condenser 213. 
The magnitude of the charge applied to condenser 213 
will be determined by the period of the multi-vibrator 
circuit and consequently the voltage across the condenser 
213 at any particular time will be a function of the 
number of charges the condenser has received and the 
magnitude of those charges for a given value of resistor 
212. Thus, this voltage represents the traffic density 
calibrated in terms of percentage on the basis of the 
calculated 100% traffic density for the highway (switch 
490). 
The voltage on condenser 213 is led through lead 225 

to the instantaneous density measuring and indicating 
circuit as represented by tube 226 and its associated cir. 
cuits. The output voltage of 226 is obtained on lead 
241 and passes through the average density measuring 
and indicating circuit to condenser 268 in the manner 
previously described. The voltage on condenser 268 will 
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represent the average traffic density over the previously 
selected time period. 
This voltage on condenser 268 is amplified in cath 

ode follower circuit 285 and its associated circuit and 
passes- first through resistor 293, junction 297, lead 322 
and the resistance 323 and lead 324 to switch 300 from 
where it may be used to actuate the meter or recorder. 
This voltage secondly passes into lead 292 and lead 325 
and is utilized to operate the distribution net-work con 
trol circuit, as previously described. 

Although the values employed for resistors and con 
densers used in the system as well as the several vacu 
um tubes that are employed may be varied within wide 
limits according to the network of a particular installa 
tion the several components described above have been 
found to produce good results in a practicable embodi 
ment of the invention when the following values were 
employed: 

Tubes 
Ref. No. Tube type Raf. No. Tube type 
87 ------------ 5965/2 210 -------- } 6AL5 
92 ----------- 6AL5/2 ? S LSS S S S S S S S S S S 5814A/2 

s S SLL LSSLSLS SSLLSLSL S LS LS LS LSS 285. ----------. 5814A/2 

S LSSLLS SSSLSSS SLS 286 - - .5965/2 ?------------.? 

120 -----------} 5965 290 ----------. OB2 
12 ----------- 346 ---------- 
148 - - - - - - - - - - 5965/2 347 ...} 5965 
161 ----------- 348----------- 162 -----------} 5965 ??? - ???- 5965 
200 ----------- 5965/2 350 - 5965/2 - - - - - - - ??? 

Resistors 

Ref. No. Ohms Ref. No. Ohms 
81 -----------. 2K 218 ----------- 200K 
82 -----------. 17K 221 ----------- 200K 
83 ------------ 300 227 ----------- 23.5K 
85 ------------ 100K 229 ----------- 680 
86 ------------ 100K 230 ----------- 15K 
89 ------------ 3.9 meg. 236 -------------- 360K 
91 ------------ 20K 243 ----------- 18 meg. 
95 ------------ 200K 244----------- 6 meg. 
99 ------------ 100K 245 ----------- 6 meg. 
103 ----------- 20K 246 ----------- 6 meg. 
111 ----------- 51K 247 ----------- 6 meg. 
112 ----------- 200K 248 ----------- 6 meg. 
122----------- 15K 257 ----------- 6 meg. 
125 ----------- 390K 258 ----------- 6 meg. 
128 ----------- 15K 259 ----------- 6 meg. 
130 ----------- 390K 260 ----------- 6 meg. 
134 ----------- 6.8K 261 ----------- 6 meg. 
135 ----------- 100K 262 ----------- 18 meg. 
138 ----------- 100K 266 ----------- 6 meg. 
142 ----------- 510K 271 ----------- 100K 
149 ----------- 100K 272 ----------- 100K 
152 ----------- 10K 287 ----------- 360K 
153 ----------- 20K 293 ----------- 23.5K. 
155 ----------- 200K 294 ----------- 680 
163----------- 15K 304 ----------- 2K 
165 ----------- 6.8K 308----------- 2K 
169 ----------- 15K 316 ----------- 7SK 
173 ----------- 390K 317 ---------------400 ? 
175 ----------- 100K 318----------- 100 
186 ----------- 510K 319 ----------- 400 
190 ----------- 34K 323 ----------- 2K 
191 ----------- 10K 328 ----------- 45OK 
192 ----------- 100K 332 ----------- 225K 
193 ----------- 50K 337 ----------- 225K 
19 ----------- 10K 385 ----------- 2K 
195 ----------- 13K 386----------- 1.8K 
202 ----------- 13.5K 387 ----------- 1.5K 
203 ----------- 1 meg. 388 ----------- 1.8K 
207 ----------- 27K 389 ----------- 2.3K 
212 ----------- 10 meg- 390 ----------- 2.8K 

- 
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Ref. No. Ohms Ref. No. Ohms 
391----------- 10K 425 ----------- 100K 
392 ----------- 2.8K 426 ----------- 100K 
393 ----------- 2.3K 427 ----------- 1 meg. 
394 ----------- 1.8K 428 ----------- 1 meg. 
395 ----------- 1.5K 430 ----------- 1 meg. 
396 ----------- 4.5K 431 ----------- 1 meg. 
397 ----------- 2K 435 ----------- 100K 
40 ----------- 100K 436----------- 100K 
402 ----------- 100K 437 ----------- 1 meg. 
405 ----------- 1 meg. 438 ----------- 1 meg. 
406----------- 1. meg. 440 ----------- 1. meg. 
409 ----------- 1 meg? 441 ------------------ 1 meg. 
410 ----------- ?? ? 100K 
415 ----------- 100K SSL LSLSSSLSLSS S L S SLS LSSSLL LSS 

416----------- 100k 46 ----------- 100K 
417 ----------- 1 meg. ----------- 1 meg. 

.imeg. 448 ----------- 1. meg ?--------------- 18$? 
420 ----------- 1 meg. 450 ----------- Il meg. 
421. ----------- 1 meg. 45 -------------- 1 meg. 

Condensers 
Ref. No. V- Mf. Ref. No. Mf. 

76 --------- --- 10.0 384:: ----0.0051 -------?------ ? 
78 ------------ 0.1 197 ----------- 1.0 
94------------ 0.001 2g}{5 ---4 ?? ???? ???????? ?? - ??. 
113 ----------- 0.047 213 ----------- 2.0 
118 ----------- 0.001 268 ----------- 10.0 
26 ----------- 0.01 269 ----------- 10.0 
133 - - - - - - - - - - - 0.01 
145 ----------- 0.001 ? SSLSS SS SS LLS SLLL LSLS LSLSLSSSLSSL LSL LS ???; 
156 ----------- 0.047 ???? ? ------------- o 
159 ----------- 0.00005 373----------- 0.1 
174----------- 0.01 375 ----------- 0. 

0.1 ----------- 37 0.01 ------------- ?479 
183 ----------- 0.0068 : 3790.1 ? ----------------- ? 
Although the foregoing description has defined the 

basic concept of the invention as applied to a vehicular 
traffic system, it is apparent that the invention is not 
limited to this purpose but is capable of much broader 
application. For example, the device may be used in 
connection with supplying air to a vehicular tunnel for 
the purpose of ventilation. Obviously, in Such an ap 
plication it is easier to keep the air supply within read 
ily predetermined limits in order to provide sufficient 
ventiation for the number of cars using the tunnel and 
at the same time to avoid oversupplying the tunnel with 
a consequent waste of power. In such an application, 
vehicle detecting devices as described above or of any 
other suitable type such as photo-electric, may be placed 
at the approaches to the tunnel and the ventilating ma 
chinery may be controlled in very much the same man 
ner as described above to insure adequate ventilation 
as a function of the number of cars using the tunnel. 
The invention is equally applicable in the field of auto 
mation wherein a plurality of conveyor lines, each car 
rying a separate component of a product, in essence 
converge at one assembly point. In such an applica 
tion an over-supply or under-supply of any component 
of the product can cause costly and time consuming de 
lays unless detected in adequate time. To those skilled 
in the control of such processes, the manner of applica 
tion of the present invention will be readily apparent. 

It will be appreciated that the term “traffic density" 
is used herein in the sense of traffic volume per lane 
or rate of traffic flow in vehicles per unit time passing 
a given point or points, depending on whether one or 
more detectors are used. Such traffic volume may be 
expressed in vehicles per hour, per lane, for example 
on adjusting switch 493. The term density is also used 
in its more general sense as the incoming pulse rate 
per unit time from the input or detector circuits. 

It will be obvious to those skilled in the art that the 
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several triodes 346 through 350 might be replaced by 
gas discharge tubees of the type 885 or "Thyratron' 
type with an alternating current voltage source applied 
to line 35 instead of the direct current voltage source 
$45B shown, if desired. 
From the foregoing description, it is apparent that the 

several objects of the invention are achieved. Ob 
viously, many variations may be made without depart 
ing from the scope of invention and would include 
modifications of both wave shape and wave polarity in 
various of the stages of the circuit. 

I claim: 
1. A circuit of the character described, including a 

pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, 
a timing circuit for the generation of output waves of 
uniform shape and amplitude in response to said pulses, 
an averaging circuit having a specified time constant for 
receiving the output of said timing circuit and for gen 
erating a voltage functionally related to the period of 
and rate of receipt of said output waves, a second av 
eraging circuit having a specified time constant greater 
than the time constant of said first averaging circuit for 
receiving the voltage generated by said first averaging 
circuit and generating a control voltage functionally 
related to the integral of said first voltage over a selected 
time period, a plurality of utilization device actuating 
circuits, and a control circuit capable of selectively actu 
ating one of said utilization circuits in accordance with 
the magnitude of said control voltage. 

2. A circuit of the character described, including a 
pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, 
a timing circuit for the generation of output waves of 
uniform shape and amplitude and of adjustable period 
in response to said pulses, an averaging circuit having 
a specified time constant for receiving the output of 
said timing circuit and for generating a voltage func 
tionally related to the period of and rate of receipt of 
said output waves, a second averaging circuit having a 
specified time constant greater than the time constant 
of said first averaging circuit for receiving the voltage 
generated by said first averaging circuit and generating 
a control voltage functionally related to the integral of 
said first voltage over a selected time period, a plurality 
of utilization device actuating circuits, and a control cir 
cuit capable of selectively actuating one of said utiliza 
tion circuits in accordance with the magnitude of said 
control voltage. 

3. A circuit of the character described, including a 
pulse generating circuit capable of producing pulses of 
uniform wave form in response to random external 
actuation, a timing circuit for the generation of output 
waves of uniform shape and amplitude in response to 
said pulses, an averaging circuit having a specified time 
constant for receiving the output of said timing circuit 
and for generating a voltage functionally related to the 
period of and rate of receipt of said output waves, a 
second averaging circuit having a specified time constant 
greater than the time constant of said first averaging 
circuit for receiving the voltage generated by said first 
averaging circuit and for generating a control voltage 
functionally related to the integral of said first voltage 
over a selected time period, a plurality of utilization 
device actuating circuits, a control circuit capable of 
selectively actuating one of said utilization circuits in 
accordance with the magnitude of said control voltage, 
and means for indicating the output voltages of the re 
spective averaging circuits. 

4. A circuit of the character described including a 
pulse generating circuit capable of producing pulses 
of uniform wave form in response to random external 
actuation, a timing circuit for the generation of output 
waves of uniform shape and amplitude in response to 
said pulses, an averaging circuit having an adjustable 
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time constant for receiving the output of said timing 
circuit and for generating a control voltage functionally 
related to the period and rate of receipt of said output 
waves, said averaging circuit including means controlled 
by the frequency of said output waves for varying said 
time constant in different respects for increasing and de 
creasing frequency, a multiplicity of utilization device 
actuating circuits representative of different segments 
of a scale of magnitudes of said control voltage, and a 
control circuit for selectively actuating one of said 
utilization devices in accordance with the magnitude of 
said control voltage. 

5. A circuit of the character described including a 
pulse generating circuit capable of producing pulses of 
uniform wave form in response to random external actua 
tion, a timing circuit for the generation of output waves 
of uniform shape and amplitude in response to said pulses, 
a first averaging circuit having a fixed time constant 
for receiving the output of said timing circuit and for 
generating a voltage functionally related to the period 
of and rate of receipt of said output waves, a second 
averaging circuit having a variable time constant greater 
than the time constant of said first averaging circuit 
for receiving the voltage generated by said first averag 
ing circuit and for generating a control voltage fusic 
tionally related to the integral of said first voltage over 
a selected time period, said second averaging circuit 
including means controlled by the frequency of said out 
put waves for varying said variable time constant, a plu 
rality of utilization device actuating circuits, and a con 
trol circuit for selectively actuating one of said utiliza 
tion circuits in accordance with the magnitude of said 
control voltage. 

6. A circuit of the character described including a 
pulse generating circuit capable of producing pulses of 
uniform wave form in response to random external actua 
tion, a timing circuit for the generation of output waves 
of uniform shape and amplitude in response to said 
pulses, a first averaging circuit having a fixed time con 
stant for receiving the output of said timing circuit and 
for generating a voltage functionally related to the period 
of and rate of receipt of said output waves, a second 
averaging circuit having a variable time constant greater 
than the time constant of said first averaging circuit for 
receiving the voltage generated by said first averaging 
circuit and for generating a control voltage functionally 
related to the integral of said first voltage over a selected 
time period, said second averaging circuit including 
means controlled by the frequency of said output waves 
for varying said variable time constant, said time con 
stant varying means including two paraliel resistance and 
diode combinations, said diodes being connected in op 
posite polarity relationship, whereby said resistance diode 
circuits are utilized alternatively in said second averag 
ing circuit depending upon the direction of the rate of 
change of said output voltage of said first averaging cir 
cuit, a plurality of utilization device actuating circuits, 
and a control circuit for selectively actuating one of Said 
utilization circuits in accordance with the magnitude of 
said control voltage. 

7. A circuit of the character described, including a 
pulse generating circuit for producing pulses of uni 
form wave form in response to random external actuation, 
a timing circuit for the generation of output waves of uni 
form shape and amplitude and of adjustable period in 
response to said pulses, an averaging circuit for receiving 
the output of said timing circuit and for generating a 
control voltage functionally related to the period of and 
rate of receipt of said output waves, a plurality of utiliza 
tion device actuating circuits, and a control circuit 
capable of selectively actuating one of said utilization cir 
cuits in accordance with the magnitude of said control 
voltage, said control circuit including at least one two 
position relay having a relay coil, an adjustable source 
of direct current potential, a voltage divider circuit con 
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nected between said applied voltage and said source, and 
a vacuum tube with its plate circuit connected in series 
with said coil and being biased by the potential from said 
voltage divider circuit, whereby the conductance of said 
tube and thereby the energization of said relay coil is 
determined by said applied voltage. 

8. A circuit of the character described, including a 
pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, a 
timing circuit for the generation of output waves of uni 
form shape and amplitude and of adjustable period in re 
sponse to said pulses, an averaging circuit for receiving 
the output of said timing circuit and for generating a 
control voltage functionally related to the period of and 
rate of receipt of said output waves, a plurality of utiliza 
tion device actuating circuits, and a control circuit capable 
of selectively actuating one of said utilization circuits in 
accordance with the magnitude of said control voltage, 
said control circuit including at least one two-position 
relay having a relay coil, a first adjustable source of direct 
current potential, a first voltage divider circuit connected 
between said applied voltage and said first source, a second 
adjustable source of direct current potential less negative 
than said first source, a second voltage divider circuit 
connected between said applied voltage and said second 
source, and a vacuum tube with its plate circuit connected 
in series with said coil and being biased by the potential 
from said first voltage divider circuit when said tube is 
non-conducting and being biased by the potential from 
said second voltage divider circuit when said tube is con 
ducting, whereby the conductance of said tube and there 
by the energization of said relay coil is determined by 
said applied voltage, said biasing being controlled by said 
relay. 

9. A circuit of the character described, including a pulse 
generating circuit for producing pulses of uniform wave 
form in response to random external actuation, a timing 
circuit for the generation of output waves of uniform 
shape and amplitude in response to said pulses, an averag 
ing circuit having a fixed time constant for receiving the 
output of said timing circuit and for generating a voltage 
funcionally related to the period of and rate of receipt 
of said output waves, a second averaging circuit having a 
variable time constant greater than the time constant of 
said first averaging circuit for receiving the voltage gen 
erated by said first averaging circuit and generating a 
control voltage functionally related to the integral of 
said first voltage over a selected time period, a plurality 
of utilization device actuating circuits, and a control cir 
cuit capable of selectively actuating one of said utilization 
circuits in accordance with the magnitude of said con 
trol voltage, said control circuit including at least one two 
position relay having a relay coil, an adjustable source 
of direct current potential, a voltage divider circuit con 
nected between said applied voltage and said source, and 
a vacuum tube with its plate circuit connected in series 
with said coil and being biased by the potential from 
said voltage divider circuit whereby the conductance of 
said tube and thereby the energization of said relay coil 
is determined by said applied voltage. 

10. A circuit of the character described, including a 
pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, a 
timing circuit for the generation of output waves of uni 
form shape and amplitude in response to said pulses, 
an averaging circuit having a specified time constant for 
receiving the output of said timing circuit and for gen 
erating a voltage functionally related to the period of 
and rate of receipt of said output waves, a second averag 
ing circuit having a specified time constant greater than 
the time constant of said first averaging circuit for receiv 
ing the voltage generated by said first averaging circuit 
and generating a control voltage functionally related to 
the integral of said first voltage over a selected time 
period, a plurality of utilization device actuating circuits, 
and a control circuit capable of selectively actuating one 
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of said utilization circuits in accordance with the magni 
tude of said control voltage, said control circuit including 
at least one two-position relay having a relay coil, an 
adjustable source of direct current potential, a voltage 
divider circuit connected between said applied voltage 
and said source, a second adjustable source of direct cur 
rent potential less negative than first source, a second 
voltage divider circuit connected between said applied 
voltage and said second source, and a vacuum tube with 
its plate circuit connected in series with said coil and 
being biased by the potential from said first voltage divid 
ing circuit when said tube is non-conducting and being 
biased by the potential from said sceond voltage divider 
circuit when said tube is conducting, whereby the con 
ductance of said tube and thereby the energization of 
said relay coil is determined by said applied voltage, said 
biasing being controlled by said relay. 

11. A circuit of the character described, including a 
pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, a 
vacuum tube multivibrator timing circuit for the genera 
tion of output waves of uniform shape and amplitude 
in response to said pulses, said multivibrator circuit in 
cluding adjustable grid biasing means for varying the 
period of said output waves to compensate for known 
differences in the source of said external actuations, an 
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averaging circuit having a specified time constant for re 
ceiving the output of said timing circuit and for generating 
a control voltage functionally related to the period of and 
rate of receipt of said output waves, a multiplicity of 
utilization device actuating circuits representative of dif 
ferent segments of a scale of magnitudes of said control 
voltage, and a control circuit for selectively actuating one 
of said utilization circuits in accordance with the magni 
tude of said control voltage. 

12. A circuit for selectively connecting one of a plu 
rality of traffic control circuits in response to the traffic 
density as detected on one or more highway lanes, said 
circuit including a pulse generating circuit for producing 
pulses of uniform wave form in response to external 
actuation received from said detecting means, a vacuum 
tube multivibrator timing circuit for the generation of 
output waves of uniform shape and amplitude in response 
to said pulses, said multivibrator circuit including capaci 
tance for control of its timing, said multivibrator circuit 
also including adjustable grid biasing means for varying 
the period of said output waves to compensate for known 
differences in the calculated traffic density of said high 
way and switch means to vary the capacitance of said 
timing circuit reciprocally in accordance with the number 
of highway lanes being detected, an averaging circuit hav 
ing a specified time constant for receiving the output of 
said timing circuit and for generating a voltage function 
ally related to the period of and rate of receipt of said 
output waves, a second averaging circuit having a speci 
fied time constant greater than the time constant of said 
first averaging circuit for receiving the voltage generated 
by said first averaging circuit and generating a control 
voltage functionally related to the integral of said first 
voltage over a selected time period, a plurality of utiliza 
tion device actuating circuits, and a control circuit capable 
of selectively actuating one of said utilization circuits in 
accordance with the magnitude of said control voltage. 

13. A circuit of the character described, including a 
pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, a 
timing circuit for the generation of output waves of 
uniform shape and amplitude and of predetermined period 
in response to said pulses, an averaging circuit having a 
specified time constant for receiving the output of said 
timing circuit and for generating a control voltage func 
tionally related to the period of and rate of receipt of said 
output waves, and means for adjusting said predetermined 
period to vary the ratio of said control voltage to the 
pulse rate, 
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14. A circuit of the character described, including a 

pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, a 
timing circuit for the generation of output waves of uni 
form shape and amplitude in response to said pulses, an 
averaging circuit having a specified time constant for re 
ceiving the output of said timing circuit and for generat 
ing a voltage functionally related to the period of and 
rate of receipt of said output waves, and a second averag 
ing circuit having a specified time constant greater than 
the time constant of said first averaging circuit for receiv 
ing the voltage generated by said first averaging circuit 
and generating a control voltage functionally related to 
the integral of said first voltage over a selected time 
period. 

15. A circuit of the character described, including a 
pulse generating circuit for producing pulses of uniform 
wave form in response to random external actuation, a 
timing circuit for the generation of output waves of uni 
form shape and amplitude and of adjustable period in 
response to said pulses, an averaging circuit having a 
specified time constant for receiving the output of said 
timing circuit and for generating a voltage functionally 
related to the period of and rate of receipt of said output 
waves, and a second averaging circuit having a specified 
time constant greater than the time constant of said first 
averaging circuit for receiving the voltage generated by 
said first averaging circuit and generating a control voltage 
functionally related to the integral of said first voltage 
over a a selected time period. 

16. A circuit of the character described including a 
pulse generating circuit capable of producing pulses of 
uniform wave form in response to random external actua 
tion, a timing circuit for the generation of output waves 
of uniform shape and amplitude in response to said pulses 
and of frequency representative of the frequency of said 
pulses, and an averaging circuit having a variable time 
constant for receiving the output of said timing circuit and 
for generating a control voltage functionally related to the 
period and rate of receipt of said output waves over a 
scale of magnitudes of said control voltage, said averaging 
circuit including means controlled by the frequency of said 
output waves for varying said time constant in different 
respects for increasing and decreasing frequency respec 
tively. 

17. A circuit of the character described including a 
pulse generating circuit capable of producing pulses of 
uniform wave form in response to random external actua 
tion, a timing circuit for the generation of output waves of 
uniform shape and amplitude in response to said pulses, 
a first averaging circuit having a fixed time constant for 
receiving the output of said timing circuit and for gen 
erating a voltage functionally related to the period of and 
rate of receipt of said output waves, a second averaging 
circuit having a variable time constant greater than the 
time constant of said first averaging circuit for receiving 
the voltage generated by said first averaging circuit and 
for generating a control voltage functionally related to the 
integral of said first voltage over a selected time period, 
said averaging circuit including means controlled by the 
relative output voltages of said averaging circuits for vary 
ing said variable time constant, a plurality of utilization 
device actuating circuits, and a control circuit for selec 
tively actuating one of said utilization circuits in accord 
ance with the magnitude of said control voltage. 

18. A circuit for receiving random pulses produced by 
traffic passing one or more points in accordance with the 
rate of flow of traffic thereby, including means for receiv 
ing said pulses, means for integrating said pulses over an 
adjustable time period to derive an average pulse rate, 
means for indicating on a scale the pulse rate as so inte 
grated by said last named means, means for varying the 
ratio of the indication on such scale to the rate of receipt 
of input pulses to accommodate such scale to a wide range 
of rates of traffic flow and further means for varying the 
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ratio of the indication on said scale to the rate of receipt 
of input pulses to compensate for the number of said 
points connected to said receiving means. 

19. In a traffic control apparatus having a multiplicity 
of output circuits for controlling traffic in accordance with 
the rate of flow of traffic per unit time, means for generat 
ing pulses from traffic passing one or more points, means 
for integrating such pulses by varying an electrical value 
in one direction progressively therefrom and varying said 
electrical value in the opposite direction between pulses 
over a period of time to provide an output voltage indica 
tive of said integrated pulse rate and means for selec 
tively operating one of said output circuits at a time in 
response to said voltage and in accordance with Said 
voltage at such time. 

20. An integrating circuit for averaging the duration 
and frequency of random input pulses, said circuit includ 
ing switch means actuated by said pulses for controlling 
the charging of a condenser, an averaging circuit associ 
ated with said condenser to receive the output charge 
therefrom and to integrate same over a given time period, 
and means controlled by the output of said averaging cir 
'cuit to vary the charging rate of said condenser whereby 
the charge on said condenser will produce an output from 
said averaging circuit having a linear relationship to the 
duration and frequency of said random input pulses. 

21. An integrating circuit for averaging the duration 
and frequency of random input pulses, said circuit includ 
ing switch means actuated by said pulses for controlling 
the charging of a condenser, an averaging circuit associ 
ated with said condenser to receive the output charge 
therefrom and to integrate same over a given time period, 
and means controlled by the output of said averaging cir 
cuit to vary the charging rate of said condenser, said last 
named means including a circuit for varying the charging 
potential across said condenser, whereby the charge on 
said condenser will produce an output from said averaging 
circuit having a linear relationship to the duration and 
frequency of said random input pulses. 

22. In a traffic control apparatus, means for continu 
ously accumulating a quantity in response to traffic ele 
ments passing one or more points, means for continuously 
progressively reducing such accumulation at a predeter 
mined time rate, a multiplicity of output circuits for con 
trolling traffic appropriate to various levels over a scale 
of rates of traffic flow passing such point or points and 
means for selectively operating the respective output cir 
cuits in response to various substantially predetermined 
respective values of such quantity. 

23. In a traffic control apparatus, means for continu 
ously accumulating a quantity in response to traffic ele 
ments passing one or more points, means for continuously 
progressively reducing such accumulation at a predeter 
mined time rate, a multiplicity of output circuits for con 
trolling traffic appropriate to various levels over a scale 
of rates of traffic flow passing such point or points, means 
for selectively operating the respective output circuits in 
response to various substantially predetermined respective 
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23 
values of such quantity, means for individually adjusting 
the value for transfer from each of said output circuits 
to the next of said output circuits, and means interlocked 
with said last named means individually with respect to the 
transfer from each circuit to the next for individually ad 
justing the retransfer from said next circuit to the preced 
ing circuit to establish a greater differential in value for 
the retransfer than for the initial transfer. 

24. In a traffic indicating apparatus, input circuit means 
for receiving random pulses produced by traffic passing 
one or more points, means for producing an output elec 
trical value substantially representative of the average 
rate of said pulses received over a time period, means for 
indicating on a scale such output value in terms of rate 
of traffic flow, means for varying the ratio of such output 
value and scale indication to the rate of pulses received, 
and means for adjusting such time period to provide a 
range of time base values for such averaging and for in 
versely corresponding rates of change of Such output 
value and scale indication. 

25. A combination as in claim 24, and including a 
multiplicity of output circuits corresponding to several 
segments of said scale of output values respectively, and 
means for selectively actuating said output circuits in 
accordance with said output value. 

26. A combination as in claim 24, and including a 
multiplicity of output circuits corresponding to several 
segments of said scale of output values respectively, and 
means for selectively actuating at any one time the one 
of said output circuits corresponding to any particular 
segment of said scale in response to such output value 
being within a range of values substantially corresponding 
to such particular segment at substantially such one time. 

27. A combination as in claim 26, and said time period 
adjusting means including two individually controllable 
adjusting means for Setting such time period and means 
for selecting one of said two adjusting means for control 
of such time period when said output value is increasing 
and for selecting the other of said two adjusting means 
for control of such time period when said output value 
is decreasing, as a result of changing input pulse rate, 
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