P .

ATTORNEYS

2,483,394

WY INVENTOR
) in Q | .
Jokan [.. Barker
v

J. L. BARKER
CONTROI, SYSTEM
Filed Dec. 21, 1944

Oct. 4, 1949.



Patented Oct. 4, 1949

’ 1 g ’ ; - - -
. Y R .':' q T e T T
1, + ‘L H -
. . . X .
"a

2,483,394

STATES PATENT OFFICE

o 2,483,394
| o ,CONT_R)OL. SYSTEM
John L. Barker, Norwalk, Conn., assigner, by
“meshe assignments, to Fastern Industries, In-
-corporated, ‘a corporation of Delaware
~_Application December 21, 1944, Serial No. 569,191
(_Cl. 235-92)

| 21 Claims.

This. invention. relates to a. contrﬂl system fer

-operating electrical output.devices, such.as count-

ing devices or indicating devices and the like. In
-a particular application, the invention relates to a
:system for counting the passage of objects OVer Or
.along & trafic artery.and for insuring an accurate
count .in .circumstances, - for example, .wherein a
.veh:tcle may halt. and. momentarily reverse . while
it.is.upon or within the zone of the actuatlng
means for the counting device.

.Control.systems in-.accordance with the inven-
‘tion are-especially useful in:providing an accurate
eount- of ‘road vehicle traffic, or traffic at tell
‘bridges, tunnels, or.highways, or wherever it 1s
desired to Operate one counter. for recording ve-
hieles passing in @ forward direction and another
counter for vehicles passing in the reverse direc-
{ien. In: such installations, the:operation of the
system is advantageously initiated by a multi-
-contact treadle placed in: the roadway, for actua-

tion by:a vehicle: wheel rolling: over the contacts

insequence. It is desired to have the counting
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-of wehicle :axles ;as-accurate as-possible and sub-

stantially preoof against actuation by pedestrians
-ortoll-collectors, or:-by the accidental closure' of
ene.or-more. of the treadle contacts. o
-In.my Patent. No. 2,311,359, patented February
_51;6 1943, and assigned to the assignee of the pres-
ent.application, there. is--disclosed.:a .control sys-
tem employing a multiple switch treadle ‘and:a
group of -electro-mechanical relays -actuated
thereby :to operate counting -devices .only upon
-actuation ‘of the multiple:switches..in an over-
lapping sequence. The relays employed with the

control-system disclosed in said patent have an g

inherent inertia, and while adequately responsive
for toll - eheecking, :are prehaps limited in traffic
~counting:installations to the relatively: moderate
speed range. of normal pleasure driving. It may

.also be said that the maintenance and-adiustment -

of mechanical relays requires -a mechanic of high
skill and experience hecause such relays.are rela-
tively delicate and precise tolerances of clearance
;of the: contacts are usually essential to satisfac-
tary.operation.
installations, it ‘may be uneconomic to-have a
skilled ‘mechanic: in attendance, notwithstanding
the-fact-that interruption- of .the functioning of

In other thanlarge toll collection =
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- bodying the present invention is of particular im-

‘portance in installations on public highways, for
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are practically instantaneously responsive, and
when employed as switching means have a.speed
range of response which no vehicular speed.can
defeat. Another desirable attribute of commer-
clally available vacuum tubes is their high oper-

‘ating efficiency and trouble-free life expectancy,

which materially exceeds that of the best of the

- mechanically actuated relays available for the

DuUrpose.

Generally speakmg, it requlres 8 mechamc
having a much higher degree .of skill to install

Oor service a control system embodying a multi-
plicity of mechanical relays, than one basically

involving vacuum tube circuits. Additionally,.it

s impossible to predict the operating life or per-
formance of a. mechanical relay apparatus even

after an inspection wherein all of the mechanical

-relays were apparently functioning properly.

In an  installation embodying the present in-

‘vention, the vacuum tubes and the circuits thereof

may be periodically inspected by a maintenance

-electrician ‘who may -have .several installations
“under his care; and the characteristics of vacuum
‘tubes are now so well-known that their useful life

expectancy beyond the inspection day is prediect-
able. At :such periodic inspections, weak  or
doubtful tubes may be replaced at low cost—and
barring accidental short circuits or damage tothe
electricity conductor system inherently present
in any electrical installation—the satisfactory

‘performance of the control-system until the next

inspection period may be confidently expected.
The present invention may be installed in-an
existing system of treadle plates, and therefore

the control system installation pursuant to-my

sald previous invention ‘may be replaced by ‘a
system as later described herein, with resultant
material increase in the speed performance of the
system. “The high speed response of a system em-

example, where the objective may be to count

vehicles, and the vehicles may be travelling -at
various speeds from slow to high.

It is an object of the invention therefore to
promde a _uubsta,ntlally trouble-free system for

- operation of a control or other electric ‘device,

the.apparatus for even a short time may result

in - confusion in the- count as well as loss of
revente. |

e present mventmn utlhzes a ncwel ergamza,-
tion of thermionic tubes as switching means, ‘in
‘Hew of the -circuit-closing relays of the-previous

system. .It-is well known that thermionic:tubes:

%510

responsive 1o sequential actuation of the switches

of a multiple treadle or the like. |
It is yet another object of the invention to

.--DI‘OVidE- an improved system for operating .one

b

.Or -more -counters responsive to actuation of :a
mulfiple switeh treadle substantially only by an
‘object rolling thereover and:in-accordance with
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the forward or reverse direction of movement
of such object.

A further object of the invention is o provide
an improved system for operating a counter or
other electrical device upon passage of a vehicie
wheel over a multiple switch treadle, said system
being capable of operavion over a brocad range
of vehicle speeds without loss of accuracy.

Still ancther object of the invention is to nro-
vide g control system for operating an electrical
device responsive to actuation of a2 plurality of
switches in overlanping sequence, and in which
the continuous closing of one of the switches by
mechanical or electrical failure or by other means
will not prevent proper operation of the elec-
trical device by seguential actuation of the re-
maining switches.

A further object of the invention is the pro-
visicn c¢f an improved electrical system for oper-
ation by a2 multiple switch actuator to provide an
output impulse responsive to actuation of the
switches in g progressive sequence in which at
least two of the switches are actuated concur-
rently, with a momentary overlap of three
switches.

Another object of the invention is to provide

a control system for operating an electrical de-
vice by the actualion of a multiple unit switch
according to a predefermined sequence of oper-
ation of groups of the switches of said unit.
A still further object of the invention is to
provide a control system for actuating an elec-
trical work circuit pursuant to the closing cf
groups of switches in a pre-established sequence,
and to insure against actuation of said work cii-
cuit by the operation of said switches in other
than the predetermined sequence.

A further object of the invention is to provide
means for indicating the number of times the

switches of a multiple switch unit are closed in & 4

predetermined sequence of operation of selected
groups of said switches, and to disclose, by as-
sociated means, that groups of said switches are
remaining in closed-eircuit status for longer
than o pre-established time period.

A further cbject of the invention is to provide
means for the high speed counting of wvehicles
passing along a tratfiic lane.

Other features and advantages will hereinafter
appear.

Fig, 1 is a schematic wiring diagram of a four
treadle thermionic contrel circuit embedying
the present invention. Fig. 2 is the freadle cir-
cuit, only, of an embodiment of the invention
employing a three-switch ftreadle. A suitable
source of 220 volt direct current is presumed
to be availabie. In the figure, the plus symbols
renresent 110 volts D. C. above ground; the
minus symbols represent 110 volts below ground;
and ground, therefore, may be considered as
substantially at zero potential.

When the invention, as illustrated in Fig. 1,
is employed as a traffic control system, or, for
example, in g toll-coliection station, there is
disposed across the roadway, traffic lane, or toll-
ccllection lane, a multiple switch treadle T which
has a series of contact plates A, B, C, D, ar-
ranged side by side and adapiesd to engage a
common contact plate E individually when de-
pressed as by the pressure of a vehicle wheel in
rolling thereover. Ii will be understcod that
four separste plates may be used in lieu of the
common plate E, so that the treadle may com-
prise four individual switches, if desired. Never-
theless, the four switches of the treadle T are
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arranged closely side by side so that a vehicle
wheel rolling over the treadle T will close the
respective switches in an overlapping sequence
in which at least two switches are closed con-
currently, with a momentary overlap of three
switches.

The treadle T may be made with the as-
sembly of switches or plates suitably insulated
and disposed within a flexible envelope or hous-
ing. The plates A, B, C, and D are preferably
of relatively narrow width and of considerable
length, extending across a traffic lane when the
invention is used with road traffic. Said plates
A, B, C, and D may be kept properly spaced
laterally from each other and normally sep-~
arated from plate E by suitable resilient sep-
aration strips or equivalent.

In the case of a wheel rolling from left to
right, which is hereafter referred to as the for-
ward direction, plate A will first contact with
plate E, then plate B will contact with plate E,
while A and E remain in contact, then plate C
contacts with plate E, while A, B, and E are in
contact. Plate D thereafter contacts with plate
E, while B, C, and E remain in contact. Al
four plates need not be in contact with plate
E concurrently, but sequential closure with a
progressive overlap of closure of at least two is
necessary for proper operation of the system de-
scribed herein. |

The function of the treadle switches is to pro-
vide means whereby the biasing potential in cer-
tain thermionic tubes may be regulated to control
the periods of conduction and non-conduction of
sald tubes, as Iater described. There are numer-
ous ways known to those skilled in the art for con-
trolling the potential of a circuit; a simple and
trouble-free method is by the use of resistance
combinations.

Positive direct current is brought into a resistor
[0, preferably 90,000 ohms, and then through con-
ductor 1 to 200,000 ohm resistors {2, 13, {4, and
5 connected in parallel therewith., Said resistors
are respectively in series with 5000 ohm resistors
16, 17, 18, 19, which connect to negative direct
current. As appears, the respective plates A, B,
C, and D are electrically connected to the four
resistor circuits depending from the conductor 11,
intermediate the respective resistor pairs 12—18,
13—117, ete.

The resistors 16, {71, 18, and {9 serve to pre-

load the respective treadle plates A, B, C, and D

to compensate for possible leakage in the treadle
and to insure an established or calculable opera-
tive result from the treadle circuits when a ve-
hicle passes over the treadle plates.
- Branching from the conductor 11 is a conductor
20, in series with which is & one megohm resistor
21 in a grid circuit of one triode of a dual triode
tube VT3 such as a standard 6SN7 tube. The re-
spective operating halves of said tube will be des-
ignated VT3a and VI'3b. The resistor 21 is in the
grid circuit of VI3a. The plate of VI3¢a is con-
nected to positive potential through a 25,000 ohm
resistor 22. From the said plate circuit extends
a conductor 23, which serves two mutually sym-
metrical vacuum tube circuits designated F and
R, which respectively operate the forward and re-
verse counter means, provide protection against
erroneous counts resulting from roll backs, etc.,
as later to be described. Said circuits are con-
nected to the said conductor 23 in parallel elec-
trical relationship.

Triode VT3a of tube VI3 is the primary confrol
element of the circuit. Until it is rendered con-
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‘ducting, the respective gaseous tubes VT4 and
'VT1, which control flow of power for actuation of
the ‘counters, cannot be primed for actuation.
Until it is returned to non-conducting condition,
‘the said tubes will not fire to operate the counter
“mechanisms which register forward or reverse
- travel of the vehicle across the treadle T

When the respective treadle piates A, B C, and
D-are in théir normally open pmltlon conductor
2015 at a high minus potential, because conduc-
tor ti-connects to the high minus polarity of the
system-through its respective branching circuits.
The high minus potential maintains the grid of
the tricde VT3a at minus rnotential, and the triode
‘is therefore non-conduciing, in which circum-
stance its plate and the therewith connected con-
ductor. 22, have positive polarity.

" The. conductor i{ being connected {o negatlve

potential through the four parallel circuits, any

one of the treadle plates may remain permanently
closed with plate &, as might occur through jam-
ming or like faulty operation, without raising the
‘negative grid bias in the grid of tube VTsa suf-—
.‘ﬁelently to cause the tube to conduct. -

- When.two: plates, such as A and B, are closed,

‘the current path in the two associated branch cir-
eultsis to ground through plates A and B and the
common, grounded treadle plate &, and the po-
tentials. in 'said branch circuits climb from the
substantially minus 118 volt value to gleund or
Substantially zero potential. The negative po-
tential in the C and D branch circuits is insuf-
ficient .to hold the potential in conductor 298 at
minus and.the grid of triocde VI'3a goes sufiicient-

Jy positive to cause the trigde ito econduct o -
drops_

ground. The potential in conductor 23
_.substantlally to ground level,

VT3a exerts control over two cir qutS which
‘collectively energize the cutput device or devices

according to a sequential or “coded” actuation of .-

the treadle switches. One circuit is a “priming”
or primary circuit. In avplications of the inven-
‘tion fto traffic counting systems, there may be a
“forward travel” and a ‘“reverse travel” counter,
‘respectively F'C and RC, and there will be an <’
and an “R” priming circuit, respectively electri-
~cally connected to conductor 23 through 23F and
23R. The “secondary” circuit is designated 23C,
‘and serves the outpuv devices through the re-
-spective capacitors &8 and 93R, as later appears.
Referring now to the F circuit, & dual triode
vacuum wube VTi,
are 'deei.gneted.VT b and VTib, has its respective
plates and grids interconnected in what is known

‘to those skilled in the art as a thermionic toggle

switeh., The grid of VTia connects through
‘400,000 chin resistor 24 and conductor 22F, to
-conductor 22; intermediate resistor 24 and said
grid is a branch comprising 480,000 ohm resistor

25 and a conductor 28 which connects to the plate.

—ecircuit of VTib. A second branch cireuit con-
nects to minus potential through the 800,000 ohm
‘resistor 21. The plate circuits of VTlag and VTib

- .connect to positive potential through Lhe respec-
“tive 25,000 ohm resistors 28, 20.

the respective triodes of which
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the potential in ‘conductor:23.goes to ground, but

the positive. potential . in .conductor 26 keeps

‘enough. positive bias:on the grid of VTlia, to ke=ep
the tube conducting.  Conductor 29 is at ground
poiential, and the negative potential exerted on

the grid of .VTIb through the two megohm re-

sistor-gi holds triode VTIb non-conducting. -

-Attention-is now directed to the second of '.ith'e

‘dual triode tubes in the F circuit, designated

VT2. Its operating triodes are designated VT2a

and VT2b, respectively. It will be noted that the
grid of VT'2a connects to positive power through
the 7 megohm resistor 32, and to the respective
conductors 33 and 34 of the A and B treadle cir-
cuits through the 2 megohm resistor 8% and. the

respective 200,000 ohm resistors 35 and §7. When
the treadle plates A or B:-are open, the-grid of
VT?¢ is negative because of the high negative po-

tential of the A and:B treadle circuits, and the

tube 1s non-conducting. When plates-A and B

are closed, conductors 33 and 34 go to ground po-

tential, and the high plus bias exerted on the

- grid by its positive potential eonnectmn causes

30

the tube to.--conduct.

Circuits F and R are interlocked through a
thermionic toggle switeh in R which is identical
with that of VT'i. The dual triode tube of said
circuit 18 designated VTS and its respective tri-
odes VTBa and VT5b. Before the closure of

plates A and B, tube section VT5a was conduct-
ing and tube VT30 was non-conducting.
noted that conductor ‘38 connects the plate of

It is

- VT2a with the positive potential in the plate cir-

‘80

Ag is characteristic of such interconnected tri-

*odes, when one triode in the circuit is conduct-
ing, the other is non-conducting. With any
‘three of the:treadle plates open conductor 23 is
-at high plus potential. |
-tive, and the tube is conducting. With VI'1d non-
‘conducting, its plate circuit is at high positive
potentml mcreasmg the: plus bias on the.grid. of
“-VT g,

When plates A. and’ B are. closed with plate E,

The grid of VTia.is posi-

5 -tive - power - from tube VTBD.
conducting when the plates A and B are closed,
‘the cathode of VT2¢ follows the grid to a positive
-potential level.

ductor.
‘tor 42 in the grid of VTIb goes positive, and tube
VTIb conducts, reducing the potential in con-

cuit of VI'5b and hence tube VI2a receives posi-
With tube VT2«

The cathode connects through
conductor 29 and 200,000 ohm resistor 4% to con-
ductor 41 and puts positive potential in said con-
With conductor 29 at ground, conduc- -

ductor 26 to ground. With both conductors 23

3 and 26 then at ground potential, the grid of
“VTla goes negative and the triode VTi¢ is non-
-conducting,

The conductor 29 goes positive, and through

‘one megohm resistor 43 maintains a plus grid
“bias on triode VTib, holding it conducting.

In the described circuit, therefore, when the

tube VTIb is conducting, it signifies that the ve-
-hicle is travelling over the treadle in a forward
~direction., When the wheel of the vehicle con-
-tinues to roll forward, it engages plates B and C
‘before plate A is released; and the combination
-of the closed plates B and C maintains the cir-
‘euits of VI3a and VT{ in the same operative
-status as when plates A and B were closed.

WT2b, the other triode of VT2 has its plate

~circuit connect with the plate circuit of tube
‘VTla through conductors 29, 44, and 290,000 ohm
-resistor 49, and with VTIa¢ non-conducting, con-
~ductor 44 and the therewith associated plate of

VT2b have a plus potential. |
The grid of VT2b connects to positive power

through conductor 46 and 400,000 ohm resistor
NAE
‘treadle connections 33, 34, through conductor 48
“and the respective 200,000 ohm resistors 49, ES,
‘The cathode of VI'2b connects to ground. With
‘A and B closed, tube VT2b becomes conducting
-to ground and tube VTIc¢ being non-conducting,
~conductor-44-has a. plus potential, but conductor

it also connects to the respective A and B

1 on the far side of the plate circuit of ..:tube
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VT2b is at ground potential. When A or B iIs
opened, VI2b returns to non-conducting, With
the momentary overlap of three plates, C will be
closed when A or B is opened; VTia confinues
non-conducting and conductor 51 goes to plus.

Conductor 51 connects to a voltage divider
comprising one megohm resistor 52 and 660,000
ohm resistor 53, the latter connecting to nega-
tive potential through conductor 54. The grid
of gaseous tube VT4 connects via 25,000 ohm re-
sistor 55 and conductor 56, to the voltage di-
vider. With ground potential at conductor 5i,
there is a minus potential of about 70 volts on
the srid of VT4. When A or B is opened and
VT2b becomes non-conducting, the negative bias
of the grid of VT4 is reduced to approximately 40
volts, priming the tube for firing.

A capacitor divider comprises .0005 mid. ca-
pacitor 57 and .0003 mfd. capacitor 58, one side
of each being connected to conductor 36.

Capacitor 57 connects to ground and capacitor
58 connects with conductor 23 through conductor
23C, as shown.

When treadles A, B, and C are opened, tube
VT3aq reverts to non-conducting condition and
hence conductor 23 goes rapidly positive. Capaci-
tor divider 57, 8 puts a plus surge in the grid cir-
cuit of gaseous tube VT4, sufficient to raise its grid
bias and to fire the tube.

Thus the opening of treadies A and B, or either
of them, primes tube VT4 for firing, and the open-
ing of treadle C provides the necessary impulse
for firing the tube.

VT4 is an 884, in which anything less than minus
10 volis bias on the grid will fire the tube. A
larger solenoid or other output device may re-
quire a higher capacity thyratron tube and other
values in the capacitor divider, as known to those
skilled in the art.

Tube VT4 firing, it remains conducting through
the solenoid FC, providing the current to draw
the ratchet §8 thereof upwardly to rotate the
number wheel 8{ an amount sufficient to advance
the counter one digit. A back confact 62, which

is in series between ground, conductor 63, resistor

68 and the cathode of tube VT4 is operatively
assoeiated with ratchet 68, as by a lost-motion link
65. As the ratchet §0 completes its upward move-
ment, contact 62 is opened, allowing the cathode
potential to climb positively until the grid re-
cains control and tube VT4 extinguishes.

Capacitor 87 holds the plus potential on the
cathode for a sufficient time to insure compiete
deionization of the tube and for the potential and
capacitor divider discussed above to restore to
the approximately —70 volt bias. Current flow
throuch solenoid FC ceases as the tube is ex-
tinguished and its ratchet moves downwardly
under the urging of spring €6 to engage for the
next counter operation,

The downward movement of the ratchet 60 ulti-
metely cicses the back contact 62, to bring the
cathode of tube VT4 again to ground potential.
The system is ready for the next forward count.

The reverse travel circuit R is a duplicate of
the forward circuit, in the types of vacuum tubes
~nd their respective positions in the circuit, and
in the values of the respective resistors and
capacitors associated therewith. A detailed de-
ceription of the reverse circuit is believed un-
rnecessary. It will be understood that the reverse
travel of a vehicle across the treadle is from right
to left, whereupon the order of actuation of the
treadle plates is the reverse of that previously
described. |
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Resistors and capacitors which are exact coun-
terparts of those in the F circuit have been num-
bered as in the F circuit, with the addition of
the letter “R.”

Tube VTG is the counterpart of VI2, and the
trindes VIGa and VT6D thereof perform the same
function as the triodes VT2a and VI2b. VTba
is connected to plates C and D through the 2
megohm resistor 70, and the respective 200,000
ohm resistors 11, 12 and conductors 13, 18. VT6b
is connected to plates C and D through the 200,000
ohm resistors 75, 16, and the respective conduc-
tors 13, 14.

The F and R circuits are interlocked by the
conductor ¥7 which connects from the plate cir-
cuit of VTib to the plate of VIba. The latter
triode gets positive potential from the plate cir-
cuit of VTib when triode VTib is non-conducting
status. Similarly as in VT2g, the cathode of
VT6a places a positive bias on the grid of triode
VT5b which in turn biases triode VT9a to non-
conducting status.

In the reverse travel, the closure of plates D
and C makes the triode VT3a conduct, just as did
the closure of the plates A and B in the forward
direction of travel. Similarly, the closure of plates
C and D causes the respective triodes VI6a and
VTI6b to become conducting, thereby impressing
an approximately minus 70 volt potential on the
orid of VT'T, and the release of either plate C or
D causes triode VT6b to become non-conducting
to raise the negative bias on VTT to approxi-
mately 40 volts, priming the tube for firing.

The gaseous tube VT'T fires by reason of the plus
surge introduced into the grid of tube VTT through
the capacitor divider 38R, 5TR, as tube VI3a
becomes non-conducting, sending conductors 23,
23C rapidly to positive potential, following the
cpening of plate B as the wheel rolls across the
treadle.

When VTT fires current flows through the re-
verse solenoid RC, through the tube, resistor 64R,
conductor 62K, back contact 62R, to ground. AS
the ratchet 60R of reverse counter wheel 6{R
rises fully, the lost motion link 63R connecting
the ratchet 60R and back contact 62R causes the
said back contact to open to permit the cathode
to go positive and to extinguish the tube, and halt
current flow through solenoid RC, whereupon
spring 66R resets the reverse counter for the
next action.

It is apparent, therefore, that in either the
forward or reverse travel of a vehicle across the
treadle the operation depends upon having two
plates closed concurrently, with a momentary
overlap of three plates. The fourth plate in the
treadle is a “spare’” so that if any one of the
others is held permanently closed, the operation
of the system will be unaffected.

In the case of an axle counting system for toll
checking the treadle is placed a short distance
beyvond the tell station so as that the car wheels
will cross the treadle after toll is paid and the
car moved forward in leaving the toll station.
However, the restriction of the traffic lanes at and
near the toll station to permitf cars passing around
or crossing lanes extends for only a shorf dis-
tance and the treadles cannof be placed very
far beyond the station. For this reason car drivers
sometimes overrun the station somewhat and ac-
tuate the treadle in a forward direction and then
back up to pay toll, again proceeding forward
over the treadle after paying toll.

The present construction provides for this con-

18 dition by the count in both the reverse and for-
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ward: directions so that the forward count.less the:f

reverse count. prowdes an-aceurate- net forward;

count.

Another problem in .toll check counting .is: that-
“the front wheels of & car -may: roll partway onto
| Such a.cendition is. sometimes. also
caused:by: the {oll collector’s recalling the driver.
on.aceount of an error in change or some. other
question about the monrey or the driver. retumsz-;-

the:- treadle.

to ask some question.

It is-a feature of the present construction.that.
such rolling back and forth. will not. interfere.

with g, correct net forward count.

b5

10,

In-a-situation wherein-a vehicle-ran forwardly. '

over the treadle sufficiently -only to-close plates A..
and B with E, and then rolled back te open either.

A.or B, it is-obvious that.the-thyratron VT4 could

not fire-and there would be ne forward.count.
If* the  vehicle has rolled onto A, B, and C,.
then-rolls-in reverse direction to.open:contact C.
only, the thyratron will not have primed, and.

could not fire. If the vehicle rolls forwardly.to

the Band C combination, then rolls-back to close

15

20
tervals, such as:every half hour or every hour.

A and B again, the thyratron, having been primed.

“as the:vehicle rolled forwardly, will deprime, and
there will be no actuation.of the forward counter
solenoid FC. The completion of the circuit. for
actuating the counter-depends:on g rolling for-

ward over plates A, B, and:C in succession, and

a breaking-of the C plate connection. as well as

a breaking of either the:A. or B.plate-connection.

The present invention. provides-for indicating:
that the treadle system or the circuits associated
therewith have been. tampered: with-or operated:
in:such manner as to-hold two. or more of the :
treadle - circuits continuously closed for a . fixed
Said time. period. is. l{mger of:

period of time:
course, than-the substantially. momentary closure

caused by.a vehicle rolling over the treadle, even.
A reasonable time limit of

at a very low speed.

LN
wae 1

23,

continucus, concurrent closure of two:contacts or..
associated circuits has been arbitrarily estab-

lished as.five seconds.
treadle. plates are closed for more.than five sec-

onds, suitable signalling and/or recording means.

operates to indicate such pr olonged closure.
The frmde VT3b operates.as a -delayed switch-

ing means in-an. mmcatn’t-g or recording. circuit. .

The grid of VI3bis connected to negative poten-

tial bhmuﬂ'h the resistor 98, and its plate is.con- ¥

If two or more of- the.

‘EI.* s

nected to positive potential by a circuit. which

includes the reiay. coil 3l.. |
nects to the conductor 23 from the plate circuit
of triode VT8a, and thence, through resistor. 9

to the grid circuit of tricde VI2D.

It will be recalled.that. with none, or (mly one
or D closed with plate E,
triocde VTE‘:a..w.as non-cenducting. and there was.
This posi-
tive potential is also present in conductor 92, and

of the plates A, B, C,
a9, positive potential in conductor 23.
is sufficient to positively bias the grid of VT30, 50

that the latter triecde is normsally conducting.
The relay 91 is therefore energized and its arma-

ture 94, which is connected to a source of current.

is held out of engagement with. the contact. 95
which is in circuit with 2 lamp. L, a printer PRT
or o hell BL..

mnasngs will be energized.,
., SCon. as two or more of the four. treadle

plates is closed with plate E, tube VT3a conducts.
and the potential in_=conduc-t:or_-92 is.reduced to
The reduction to ground potential in
conductor 92 is-not immediately apparent in the.

ground.

grld of VT3b, because of the condenser 85 in the 7

A conductor 92 .con-

Hence, with triode VT3b conduct- |
ing, none of the illustrated.signalling tor;printing;._

sust as: in:the Fig, 1 circuit.
- switch of Fig. 2; is the combination of leads 34:

VT4

10
grid.circuit: which, having a pogitive charge im-.
pressed thereon while conductor 92 was positive;
discharges when conductor 92 goes to ground, de-
laying-the reduetion.to negative potential in the.
grid circuit of VI3b. Depending upon the ca-
pacity-of the-condenser-and the values of the re-
sistors- 98, 93, the reduction of the grid of VI3a.
to sufﬁelent negative-bias to stop the conducting

action .of triode: VIT3b.may be delayed as desired.

After the time period has run, the grid of VI3b.
goes to negative, the tricde ceases to conduct and.
the.relay 81 is.deenergized, permitting the arma-
ture thereof to drop.cuf and to complete the cir-
cuit.-through the respeetive apparatus L, PHT, BL,..
to actuate the same:and thus to signal that. the
system is being tampered with or is operatmg im-
properly. .

It is-frequently the practice in toll callectlonw_.
installations, to have a printer, such as: PRT,
print-on . a.tape at regularly established time in--

If & supervisor, in examining the printed. tape
record; finds that the apparatus has printing in-.
termediate the established times, it iy an indica--

5. tion that. the operation.of the treadle has either

been . faulty, or has bBeen tampered with, during
such: period, and. steps may- be taken to correct-
the.error.

Fig. 2 discloses a. circuit. dmgram only, of a.

y. three treadle switch mechanism in which A and

D.are the same as the similarly identified switches.
of Fig: 1, and X is the center switch which may-
be.. c@ns,zdered as- 2. combination of B and C of.
g, 1. In.the three freadle circuit, the I‘ESlStOI’S-;
(27, 18’ and. 18" each have one: hah of the value-
of the switches 12, 13, and. {5; of Figure 1. The:
leads 33 and 14 connect with switches A aa,_n,d;-D,;-
The lead to the X

and 13, in the Fig. 1 circuit. In other words, when-
the three treadle circuit is employed, the respec~.
tively identified leads.34-and 713 are combmed and
brought to the X.switch.

The. operation- of; the three switch tr ea,dle is
identical with that of the four switch system, ex-
cept-that.none of the three switches may be held.
permanently closed. The safety factor of opera--
tion:characteristic of the four switch circuit: is.
therefore.absent in the Fig. 2 embodiment.

In recapitulation, it is seen-that the grid of the-
respective gaseous tubes VT4 and VT7T is under
the.control of vacuum tube switching means op-
erafing in a predetermined and confrolled se-
quence. by the concurrent closing of two switches

> of:a. multiple switch system, with a momentary

overlap of closing of at- least three of said:
switches. |

Of: the respective electronic tubes: VT4 con-
stitutes a:switeh in the counter or other work cir-

" cuit; inthe appliaction of the invention described

herein; said tube. controls. flow of power to the-
forward: counter device: - ..
VTT is the reverse- dlrectmn counterpart of:

VTaa unlocks the circuit for operation when
any two of the switches are closed concurrently,.
and provides the pulse for a,ctuatmg the counter

device power tube,

VTIi is the dual triode which. mdma,tes closure

of  the switches in a.left to right direction;
similarly. indicates. closure in right to left direc-
tion.. Additionally, VT{ and VT?5 reset the tubes.
of. the actuating circuits when at least. three
> switches. of a .four switch system, or all of a three.

VIS
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switch treadle, are returned to open-circuit posi-
tion.

VT2a and VT6a respectively select the proper
counter circuit for forward and reverse travel in-
dication.

VT2b and VT6b respectively prepare the prim-
ing grid bias for the respective forward and re-
verse counter actuating tubes VT4 and VTT.

There are four stages of control circuit opera-
tion for each actuation of the respective thyra-
tron tube VT4 or VTT.

Initially, that is, with at least three of the four
switches of the Figure 1 embodiment open, or
with all of the three switches of the Fig. 2 em-
bodiment onen, the control circuits are “locked.”
Taking the F circuit as typical, VI4 is secured
against operation by reason of the direct ground
connection through VTia, which places ground
potential in conductors 29, 44, and 51. The high
negative potential in conductor 54 therefore holds
the erid of VT4 at high negative bias.

The second stage is preparatory, in which when
plates A and B are closed, the path to ground at
VTIia is interrupted, and positive potential is
present in conductors 29, and 44. However, with
switches A and B closed, tube VI2b becomes con-
ducting to ground, and hence conductor 51 is at
ground potential. The high negative in conduc-
tor 34 maintains the high bias on VT4,

Thirdly, there is 2 priming stage, which occurs
when either switch A or B opens, whereupon
VI2b is non-conducting, and conductor 51 goes
positive. The voltage divider effect of resistors
52, 53 reduces the grid bias of VT4 to approxi-
mately 40 volts. The closure of switches B and
C, or C and D, maintains tube VT3a conducting
to ground.

During the two stages immediately above, the
thermionic toggle interconnection of the tubes
VTia and VTIb maintains VT 1la in non-conduct-
ing condition,

The final or firing stage occeurs when switch C
is opened during continuing movement of the ve-
hicle in one direction. Tube VT3 reverts to non-
conducting and a plus surge from the switch cir-
cuit of VI'3a is impressed upon the capacitor 98,
resulting in a strong plus surge in the grid cir-
cuit of VT4 sufficient to cause the tube to con-
duct and hence to energize the counter or indica-
tor. In the interim immediately following the
opening of switch C, tubes VTIla and VI'Ib have
toggled to their original operative status—that is,
their operating condition before the vehicle be-
gan travel across the treadle—but the delaying
action of the several resistors in the F circuit re-
strains the return of the high bias condition of
VT4 until affer the positive surge has occurred
across capacitor 8. As is well-known, when an
electronic tube of the thyratron type commences
to fire, the grid alone is ineffective to gain control
over the tube to extinguish it. In order to extin-
guish tube VT4 and to restore the entire circuit
to its original locked position, the cathode of VT4
is permitted to climb in a positive direction by
disconnecting the cathode from ground, through
the delayed opening of the back contact 62. As
the cathode connection to ground is opened, the
climbing cathode extinguishes the tube to permit
the grid thereof to resume control; the circuit is
ready for the next operation,

It will be recalled that the plate of tube V12a
derives positive power from the plate circuit of
VT5b through conductor 38, and that the plate
of tube VT6a derives positive power from the
plate circuit of VTIb, through conductor 177.

] §
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When switch plates A and B are closed, tube
VA2¢ became conducting and current flowed
through conductors 38, 39, 41, and 42 to the grid
of VTIib causing VTIb to become conducting and

-to toggle VTla into non-conducting condition.

As switches A and B, or either of them, are
ovened, VT2a returns to non-conducting, but
there is enough plus reaction through conductor
29 and resistor 43 to hold conductor 42 sufi-

ciently plus to maintain VTIb in conducting

status. The closure of switches C and D by the
vehicle passing thereover brings the grid of VT6a
to conducting bias, but since VT {b is continuing
to conduct to ground, there is ground potential
in conductor 17 and tube VT6ea is locked in non-
conducting condition.

If the A and B treadle switches are the flrst
to close, therefore, VIba cannot be toggled to
non-conducting condition, and the “R” circuit is
locked against operation of its associated thyra—
tron VTT.

Tor vehicles travelling in the reverse direction,
the closure of switches D and C would initiate
operation of the R circuit and the F circult would
be locked against operation of thyratron VTA.

Therefore, it is apparent that the operation
of the F or R control circuits depends upon which
of the pairs of switches AB, or DC, is first closed
by the vehicle in passing over the treadle.

In the foregoing description, and in the claims,
the expressions “conducting” and “non-conduct-
ing” are Used in describing the operative status
of the respective vacuum tubes. A “conducting”
tube is considered to be one in which the grid bias
permits substantial current fiow between the
plate and cathode of the tube; a “non-conducting”
tube has a grid bias which prevents such flow,

It will be understood that the circuit specifically
disclosed herein, and the constants and values

c7 ascribed to the disclosed resistors and capacitors,
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are not recited in a limiting sense, but are illus-
trative of a circuit which satisfactorily performs
the features and objectives of the Invention.
“Whereas it is obvious that the several objects
of the invention as specifically afore noted are
achieved, it is apparent that numerous changes in
construction and rearrangements of the elements
might be resorted fo without departing from the
spirit of the invention as defined by the claims.
I claim:
1. Means for counting vehicles proceeding along
a traffic lane, including a switch unit having aft
least three switches so spaced that g vehicle wheel
travelling thereover in a continuing direction will
close two switches simultaneously, with momen-
tary overlapping closure of three; an electrically
energized counter; an electrically potentialized
clrcuit connected therewith for actuating the
same, and means for establishing, in stages, a
priming poientigl and an actuating potential in
said clrecuit; said means including vacuum tube
toggle switching means electrically in circuit with
said switches and normally stable, with any two
of said switches open, to connect said actuator
circult to ground by vacuum tube conduction and
having a second condition of stable equilibrium to
interrupt said ground connection when any two of
sald switches are closed; vacuum tube means elec-
trically in circuit with all three of said switches
and with said toggle switching means to prepare
the latter for transition to said second condition
of equilibrium so long as any two of said switches
are closed; a second vacuum tube means electri-
cally in circuit with the two switches first closed
by a vehicle in passing over said switch unit and
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in-circuit with said toggle switching means to bias
thelatier to.its said second position of equilibrium
as-said two switches gre closed; a third .vacuum:

tube . means. electrically . in-circuit with :said first-

closed two switches for restoring connectisn he-

tween said actusior circuit and ground by vacuunm:
tube: conductlon as said two switches: are-closed

and interrupting said. ground connection as-one
of: said. two switches 15 opened during travel-of.
the vehicle over said switch unié; voltage. divider

- means - in <aid astgator clreuls to maintzin a
counter non-operating. potential therein while

14

same; and means for. energizing a-selected actua~

tor.circuit to establish, in:stages,; a priming po-

5}

14

said  eircuit is. groundm and upon interruption:

of said ground connection to primes the rotential
1‘**ﬂuﬁ to. a value and polarity approach-~

in:said
ing-at:

Ty
la-q.--ll'l 1—"'_._:'.'...

old vaiue of gneration of said counter;

and mesns ﬂlmfrrally connected to said actuator

circuit and . energized: from said first-named
vacuum tube means as tho
is: opened upon continuing travel of said:vehicle

to:momentarily raise the

said counting means.
2. A: traffic counter including at least-

in such spaced relationship that a vehicle wheel

in'passing thereover will close said switches in.se-

third of said switches.

three |
normally open switches cisposed in a traffic lane

potential in-said circuit
to above the threshold level for operation-of:the

~J
] |

quence with momentary overlapping closure-of

three: switches; electrically energized counting

means, a'thermionic tube for controlling current -
flow to said counting means, and a potentialized

control circuit for -the grid of said tube for:estab-
lishing a- grid bias-thereof for actuation of said
counting means-upon coded closure of sald switch
means; comoprising in said grid circuit a-pair of

vacuum tubes interconnected in toggle civeuit re-

Iationshlp, one of the said vacuum tubes arranged
to: ctinnect said grid control circuif to ground
by vacuum: tube conduction; a second vacuum

tube electrically in circuit with said three switches
and with said toggle-connected vacuum tubes to

establish the ground connection of the orid:con-

trol circuit when said switches are in open-circuit

pomtlop and to prepare said toggle switching

means  for interruption of said connection to

eround upon closure of two of said switches; &

third vacuum tube means electrically in circuit
with" the first two of said switches to close upon
travel of & vehicle thercover and in circuit with

said toggle-connected tubes to bias thesaid ground

conducting tube fto non-~-conducting status upon
closure of szid two. switches; a fourth vacuum
tube means in said control clrcult for-establishing

a, second ground connection therefor by vacuum
first-closed-

tube conGuction upon closure of sald
two switehes and interrupting said connection
upon return of either of said two switches to open
condition: voltage divider means in said control
circuit and effective while the control circuit is
grounded to place a high bias on the grid of said
thermionic tube and upon interruption of said

ground connection bring said grid nearly to a

threshold level of therrnionic tube conduction;
and means electrically in ecircuit with said sec-

ond named vacuum tube and with said grid con-

trol circuit to momentarily impress additional

potential in said grid control circuit to carry the

grid over the threshold level of operation of said
tube as the third of sald switches is opened.

3. Means for indicating direction of travel of
a vehicle along a trafiic lane, comprising a for-
ward travel indicator; a reverse travel indicator;
an. electrically potentialized. actuator circuit in-
dividual to each said indicator for actuating the

1y
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tential and.an operating potential to actuate the
indicator.thereof, including in each actuator cir-
cult vacuum tube:toggle switching means: hav-
ing a:condition of stable equilibrium connecting.
gald circult-to ground by-vacuum tube conduction
and a-second condition in which the ground con-
nection is-interrupted; a switch unit including at
least: three: normally: open switches disposed in
sald traffie-lane in - such spaced relationship that
a: vehicle: whee]. travelling - thereover in a con-
tinuing direction will close said switches in groups.
of: two with momentary overlapping closure of
three: switches; vacuum ftube means- controlled
by -said:switch: unit. and connected to each said
actuator circuit: fo: lock the toggle switching
means thereof in circuit grounded condition when
the switches of said-unit are open -and upon clos-

ingrany two.of said switches to unlock the toggle:

switching means for: toggling to the other condi-
tion:of equilibrium; vacuum tube means for the

forward-travel actuator circuit conmecizd to the

toggle switching means thereof  and in circuit
with -the pair of switches: first closed by a for-

ward-travelling vehicle; vacuum tube means

similarly connected in: the reverse-travel circuit
and: in circuit with the pair of switches  first
closed by a reverse-travelling vehicle, the closure
of one of said pairs of switches biasing its associ-
ated last-named- vacuum:tube means into con-
ducting condition to actuate-its associated toggle
switch to- ground’ disconnect condition: means
for holding the toggle switch -of the other circuit

in ground: connect status, further vacuum . tube

means-in.each actuator circuit and respectively
controlied by the forward-travel! switch pair and
the reverse-fravel: switch psair, said further
vacuum’ tube means being operative to restore

its- associated  ground-interrupted actuator cir-

cuit: to: ground connection by vacuum tube con-
duetion upon. closure of its associated two switches
and- to:interrupt. the path to ground upon the
return-of one of said switches to open condition

- as-the vehicle continues its travel; voltage divider

means in each said circuit effective upon the final
ground  disconnect condition of the forward or
reverse actuator circuit to establish therecin a

-~ breparatory value and polarity of potential ap-

proaching- a- threshold value for operating the
indicator of: said circuit; means in said actuator
circuit-and -deriving power from the first-named
vacuum tube means for momentarily impressing
additional potential to momentarily raise said

- gircuit-to above said: threshold level for a,ctuatlon

of said indicator.

-4, Means for indicating. dlrectlon of travel of a
vehicle along g traffic lane, comprising a forward
travel indicator; a reverse travel indieator; an ac-

- tuator circuit-individual to each -indicator for ac-

75

tuating -the same: a source of positive potential
and a’source oi negative poieuntial connected to
each said actuator-circuit; and means for estab-

lishing a potential in-said circuits sufficient to ac-
tuate its associated indicator scecording to direc-
tion of vehicle travel, including: in each actuator
cirecuit ' a pgir of vacuum tubes interconnected
to provide vacuum tube toggle switching means
having a condition of’ stable equilibrium in which
the-positive potential in the associated actuator
circuit is neutralized by vacuum tube conduction
to ground and a secend; condition of equilibrium
in' which said ground connection is interrupted;
a S‘mtch umt lm..ludmg & plumlity of normally
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open switches disposed in said traffic lane and
arranced to be closed in grounps of two switches
with momentary overlapping closure oi three
switches by a vehicle travelling thereover In a
continuing cdirection; electric potential means In
cirenit with said switeh unit and with each of
said nairs of vacuum tube toggle switching means
to bins the same in eround connection condition
thereof when the switches of said unit are in
open circuit position and to reduce the bias to
prepare said toggie switching means to toggle to
their other condition of equilibrium upon closure
of any two of said switches by a vehicle travelling
over said switeh unit; a second vacuum tube
means in each actuator circuit and respectively in
circui. 73 H and energized by the two switches
frst ciozed by a vehicle traversing said switch
unit in a forward or reverse direction, said latter
vacuum tube means of each actuator circuit
being in circuit with the toggle switching means
of its aectuator circuit to bias said means to
toggle to ground-interrupt condifion according
to which pair of switches is first closed by said
vehicle. the vacuum tube means associated with
such first closed two switches deriving its bias-
ing potential from an element of the toggle
switching means of the other actuator circuit
to hold =aid latter toggle switching means at
oround-connect status; further vacuum tube

means in each of the two actuator circuits in o

sdvance of the negcative potential source thereof,
each said latter vacuum tube means being re-
spectively controlled by the first two switches
closed by 2 vehicle travelling in a forward or
reverse direction and adapted to restore the
sround connection of its associated actvated cir-
cuit upon closure of the said two swiiches and
to inierrupt the ground connection upon the re-
turn of one of said two switches to open condi-
tion as the vehiecle continues its initial direction
of travel: voltage divider means electrically con-
nected between the respective sources of positive
and neeative potential to establish a potential in
the actuator circuit approaching the threshold
level of actuation of the indicator as the last
named connection to ground thereof is inter-
rupted, and means deriving power from the elec-
tric potential means in circuit with said switch
wnit for momentarily carrying the potential in
<aid actuator circuit above the threshold level
to actuate the associated direction indicafor as
a third switeh of said switch unit is opened as
the vehicie continues its travel over the switch

unit. |
5. 5~ teaffe counting system including electric
couniing means having a relatively fixed lower

limit of ccerating potential, and means ifor con-
trollably cstablishing said operating potential,
comprising a priming circuit having a normal
potential which is less than such operating po-
tential, and a supplemental circuit capable of
momentarily impressing additional potential to
additively equal or exceed such operating po-
tentisl: naid priming circuit including a therm-
ionic tozgle switeh having a condition of stable
equilibrium bypassing said circuit to depress the
normal notential thereof and a second condition
interrunting said bypass; a normally non-con-
ducting vacuum ftube in said priming circuit for
establishing a second potential-depressing bypass
by vacuum tube conduction; a bhiasing circuit
common to said toggle switeh and said vacuum
tiibe and having a potential normally biasing said
toggle switeh to its first condition of equilibrium
and said vacuum tube to non-conducting status;
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vehicle actuated means for changing the poterntial
in said biasing circuit to throw said toggle switch
to its said second condition and simultaneously
to bias said vacuum tube to conducting status;
a second biasing circuit including a second ve-
hicle-actuated means actuated sequentially after
the first-named means for holding said toggle
switeh in its second equilibrium condition while
the return of said first-named vehicle actuated
means to initial status restores said vacuum tube
to non-conducting status to establish the normal
potential of said priming circuit; and means
electrically connecting said last-named vehicle
actuated means and said supplemental circuit
and responsive to return to initial status of said
last-named vehicle actuated means 10 momen-
tarily potentialize said supplemental circuit to
increase the potential in said counting means
sufficiently to operate the same.

6. A traffic counting system according to claim
R, in which said supplemental circuit includes
capacitor means charged during actuation of
said second-named vehicle actuated means and
discharging info said counting means upon res-
toration of said vehicle actuated means to initial
status.

7. A traffic counter, including electrically en-
ergized counting means; a normally non-con-
ducting gaseous thermionic tube in the electrical
circuit of said counting means and adapted to
energize said counting means when said tube is
conducting: a vehicle-actuated treadle embody-
ing a plurality of switches for sequential actua-
tion by a vehicle wheel rolling over the treadle
in a continuing direction: and an electric circuit
in the grid circuit of said thermionic tube and
controlied by the said switches, said circuit in-
cluding electronic switching means connecting
the grid of said thermionic tube to a high negative
potential as certain of said switches are actuated
by said vehicle wheel, voltage divider means ef-
fective upon the release of one of said switches
and the actuation of another switch to reduce
the grid bias of said thermionice tube: and further
electronic switching means electrically connected
to said switches and including a capacifor divider
in the grid circuit of said thermionic tube and
sald last named means being effective upon the
release of said last-named switch to place a plus
surge on the grid of said tube sufficient to cause
the same to become conducting.

8. Means for counting the passage of vehicles
along a fraffic lane, comprising a switch unit
of at least three smtches disposed at a fixed
locatvion in said traffic lane in such spaced rela-
tionship that a vehicle passing said location will
sequentially actuate said switches with momen-
tary overlapping actuation thereof; an electri-
cally energized counting means; a control circuit
for said counting means, including potential
divider means for providing an electrical potential
of slightly less than energizing level! of said
counting means upon the actuation of two of
sald switches and the return to initial status of
one of said two switches as a vehicle passes there-
over; a second control circuit responsive to the
concurrent actuation of a second and third of
sald switches to cause the first-named control
circuit to maintain such elecfric potential:; and
means electrically associating said second control
circuit and said counting means to increase the
electrical potential at said counting means to a
value sufficient to energize the same as all of
the said threc switches return to normal status
as the vehicle proceeds beyond the switch unit.
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9 A vehicle-operated system for actuating
electncally energized counting means, comprising
a gaseous triode functioning as a normally non-
conductmg element in series in the circuit of said
counting means: a grid control circuit for said

triode; a plura,hty of electric switches adapted

upon passage of a vehicle thereover to be sequen-
tially closed with momentary overlapping closure
of all switches:
of certain of said plurality of switches to impress
a high negative bias on the said grid circuit to
prevent conduction in said tube; means respon-
sive to the subsequent opening of at least one
of said switches and the simultaneous closing of
another switch to reduce the grid bias from such
high negative value to a point approaching but
not attaining a level sufficient to cause said triode
to become conducting, means responsive to the

opening of said last-named switch while keeping

at least one of said first-named switches open
to further reduce the grid bias of said triode from
such point to a level at which said triode becomes
conducting in said work circuit and said counting

means 1s actuated; a switch operatively asso~
clated with said counting means and normally

connecting the cathode of said triode to rela-

tively low potential; and means responsive to
operation of said counting means to open said
switch to permit the cathode to climb positively
to a potential at which the grid of sald triode
regams control thereover.

10. A system for controllmg an electmc work

means responsive to the closing
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counting means circuit at non-operating poten~
tial when all of said switches are open: vacuum
tube means electrically associated with said
switches and a triode of each said thermionic
toggle to prepare each said toggle upon closure
of any two of said switches to assume a condition
of equilibrium in which each said counting means
circuit may be supplied with operating potential;
and a third vacuum tube means in each said
counting means circuit and respectively electri-
cally connected to those two switches first closed
by a vehicle travelling over said switches in one
or the other direction and with the toggle of
said circuit to throw the toggle to its said second
condition of equilibrium upon the closure of the
sald two switches, each said last-named vacuum
tube means deriving its operating potential from
o triode of the toggle of the opp051te countmg
means circuit.

12. In a vehicle actuated-countmg system hav-
ing counting means respectively responsive to
forward or reverse travel of a vehicle, means for

“selectively actuating said counting means, in-

- cluding a switch unit having at least three nor-

25
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circuit, comprising a gaseous triode functioning as

a normally non-conducting element in series with
sald work circuit; a grid control circuit for said
triode; a plurality of electric switches arranged
for sequential operation, with momentary con-
current operation of all switches; a source of pos-
~itive and a source of negative potential for said

control circuit; means responsive to the closing

of a group of said plurality of switches to bypass
the positive potential of said control circuit to
“permit the negative potential to impress a high
negative bias in the grid circuit of said triode
to prevent conduction therein; means responsive
to the subsequent opening of at least one of said
group of switches and the simultaneous closing

of another switch to supersede such high nega~

tive bias and to establish the grid bias at a point
approaching but not attaining a level sufficient

to cause said triode fo become conducting: means.

- responsive to the opening of said last-named

switch while keeping at least one of said first-

named switches open to shift the grid bias of
sald triode from such point to a level at which

said triode becomes conducting; and means ef-
fective consequent to the conducting condition:
of said triode to permit the grid of the triode to

regain control thereover.
11. In a vehicle actuated countmg system a

switch unit disposed In a traffic lane and having
a plurality of switches so disposed that a vehicle

travelling thereover closes said switches in se-
quence, with momentary overlapping closure of
all; a counting means responsive to coded closure
of said switches by a vehicle in travelling in one
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direction over said switch unit; a second counting

means responsive to coded closure of said switches

by a vehicle in travelling in the opposite direc-
70

tion, and means for selectively actuating the
counting means according to direction of travel,

including a control circuit for each said counting
means; a double triode thermionic toggle in each

said counting means circuit and normally in a
~condition of equilibrium holding 1its associated

mally open switches so disposed in a traffic lane
that a vehicle passing thereover closes said
switches in groups of two with momentary over-

lapping closure of three switches: an electric cir-

cuit for each said counting means, and each
circuit being electrically controlled by a different
group of two of said switches; a thermionic tog-
gle switch in each said circuit and having one
condition of equilibrium in which the respective
circuits are held at a potential precluding oper-
ation of its associated counting means and a sec-
ond ccandition of equilibrium wherein the respec-
tlve circuits may be brought to operating poten-
tial, vacuum tube means actuated by the closure
of any two of said three switches and connected
to each sald thermionic toggle switch to prepare
each for transition to ifs second condition of
equilibrium upon closure of any two of said
switches; and means in each of said counting
means circuits and electrically associated with
the toggle switch thereof, said means controlling
a source of electrical potential and responsive
only to the closure of the group of two switches
assoclated with its said counting means circuit
to impress said potential on the associated toggle
switch 1o cause said toggle switech to assume its
said second condition of equilibrium, said poten-
tial being derived from an element of the toggle
switch of the opposite counting means circuit.
13. In a system for counting the number of

'vehicles passing along a traffic lane, a switch unit
‘disposed in said lane and comprising a plurality of

switches so arranged that a vehicle wheel rolling

~over said unit will close said switches in sequence:

means for counting the number of vehicles passing
over said switch unit in one direction; a second
means for counting the number of vehicles pass-
Ing over said switch unit in the opposite direction;
control circuits for each said counting means:
vacuum tube means having its plate circuit in
parallel with each of said control circuits, said

vacuum -tube means being confrolled by said
switches to conduct from positive potential to
ground with certain of said switches in closed
circuit. position and being non-conducting to
ground with said switches in open circuit position:
and means for indicating a prolonged closure of
said switches, comprising indicating means, a
magnetic switch for controlling said indicating
means, a second vacuum tube means having its

75 grid biased to conducting potential by the plate
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potential of said first-named vacuum tube means
when the latier is in non-conducting status, said
second vacuum tube means, when conducting,
actuating said magnetic switch for non-operation
of sald indicator; and time delay means in the
grid circuit of said second vacuum tube means to
impress a non-conducting bias on the grid thereof
at a predetermined period of time after the first-
named vacuum tube becomes conducting upon
closure of said two switches; a non-conducting
condition of said second vacuum tube actuating
said magnetic switch to close the circuit to said
indicator.

14, In a system for counting the passage of
vehicles along a traffic lane, a switch unit dis-
posed in said traffic lane and comprising a plu-
rality of swiiches so arranged that a vehicle
rolling over said unit will close said switches in
sequence; an indicator and control circuit there-
for; a relay in said control circuit; and vacuum
tube means in circuit with said relay and ener-
gizing the same for holding said indicator circuit
apen while said vacuum tube means is conducting
and deenergizing said relay to close said indi-
cator circuit when said tube means is non-con-
ducting; a biasing potential for the grid circuit
of said vacuum tube; means operating with said
switches in open cireuit position to bias said grid
to conducting condition and with certain of said
switches in closed position to bias said grid to
non-conducting condition; and means for de-
laying the transition from conducting to non-
conducting condition of said grid following closure
of said switches.

15. In a system for counting the passage of 3

vehicles along g traffic lane, a switch unit dis-
posed in said traffic lane and comprising a plu-
rality of switches so arranged that a vehicle
rolling over said unit will close said switches in
sequence; an indicator and control circuit there-
for; a relay in said control circuit: and vacuum
tube means in circuit with said relay and ener-
gizing the same for holding said indicator circuit
open while said vacuum ftube means is con-
ducting and deenergizing said relay to close said
indicator circuit when said tube means is non-
conducting; a biasing potential for the grid circuit
of said vacuum tube; means operating with said
switches in open circuit position to bias said grid
to conducting condition and with certain of said
switches in closed position to bias said grid to
non-conducting condition; and a resistor and
capacitor circuit in said grid circuit for delaving
the transition from conducting to non-conduct-
ing condition of said grid following closure of
said switches.

16. In a traffie counting system including count-
ing means, switch means in a roadway and em-
bodying a plurality of switches for momentary
overiapping closure by passage of a vehicle wheel
thereover and means whereby such momentary
closure prepares sald counting means for actua-
tion, means for indicating a prolonged closure
of said switches, comprising an indicator, an elec-
tric circuit therefor, vacuum tube means in said
circuit to control current flow therethrough, a
grid control circuit for said vacuum tube elec-
trically in circuit with said switches, electrical
potential means in circuit with said switches and
said grid circuit to bias the grid of said tube for
vacuum tube conduction when said switches are
cpen and to bias said tube to cut off upon closure
of said switches, said grid control circuit having
resistance and capacitance means to delay the
impression of cutoff bias on said tube for a pre-
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determined time period after closure of said
switches; and means responsive to the cutoff of
said vacuum tube to operate the indicator.

- 17. An electrical network for energizing an out-
put device having an established lower limit of
operating potential, comprising a first and sec-
ond energizing circuit connected to the input of
said device, each said circuit being potentialized
to supply to the device a potential which is less
than its operating potential, but additive to the
required value; a first and second vacuum tube
means in a first of said energizing circuits, each
being in an electric circuit bypassing said out-
put device by vacuum tube conduction to neu-
tralize the potential in said circuit; biasing cir-
cuits for said vacuum tube means normally po-
tentialized to maintain said first tube conduct-
ing and the other non-conducting; control means
common to said biasing circuits for altering the
biasing potential thereof to reverse the operating
status of the respective vacuum tube means upon
actuation of said control means; a second con-
trol means for the biasing circuit of said first
vacuum tube means for actuation following ac-
tuation of said first-named control means to hold
said first vacuum tube means non-conducting
as the return to normal status of said first con-
trol means reestablishes the potentizl in its bias-
ing circuit to return the second vacuum tube
means to non-conducting status; the second en-
ergizing circuit being electrically in circuit with
said second control means and responsive to the
return to normal status thereof to impress a po-
tential upon the output device sufficient to sup-
plement the potential of said first energizing cir-
cuit to operate the output device.

18. An electrical network for energizing an aut-
put device only by a predetermined sequential op-~
eration of a plurality of switches, comprising a
partially energizing circuit for said output de-
vice, said circuit being capable of supplyving
to said device an electrical potential which
approaches but does not attain the threshold
level of potential for actuating said device: megns
In said circuit and electrically in circuit with cer-
tain of said switches for depressing the poten-
tial of said circuit below said threshold approach
potential when said switches are in open circuit
statusandfor removing the last mentioned depres-
sant effect with said certain switches in closed cir-
cuit sftatus; means in circuit with another of
said plurality of switches and connected with
said depressant means to hold said means in de-
pressant-removing condition upon closure of
sald second named switches in overlapping rela-
tionship with closure of said first switches and
subsequent opening of one of said first switches;
means in partially energizing circuit for momen-
tarily delaying the return of said depressant
means to original open circuit status upon open-
ing of all of said switches; and electric circuit
means in circuit with the last of said switches and
with said output device, and responsive to the
opening of said switches to place a momentary
additional surge of potential in said output device
suiicient to supplement said partially energizing
circuit in such depressant removing condition to
carry beyond the threshold value of operation
potential of said output device to actuate the
same, | |

19. A system for the control of an electric work
cirecuit, comprising a thermionic tube in said
work -circuit and adapted to function as control
means therein; a grid control circuit for said
thermionic tube; a multiple switch unit; .means
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for impressing on said thermionic tube a grid

bias of substantially fixed value suflicient to pre-
vent substantial current flow in said tube upon

closing a selected group of switches in said mul-
tiple switch unit; means for reducing said grid
bias to a point intermediate such fixed value and
a current flow permitting value upon opening
certain of said group of switches after such pre-
ceding closure; and means responsive to the sub-
sequent opening of additional switches of said
group further to reduce the grid bias of said ther-
- mionic tube from such intermediate point to per-
mit current flow therein,

20. A system for the control of an electric work
cireuit, comprising a thermionic tube in said work
circuit; means for connecting a plurality of
- switches for subsequent operation to control the
grid circuit of said thermionic tube; said last
means inciuding means for impressing a pre-
determined grid bias .sufficient to prevent con-
duction on said thermionic tube upon the closing
of at least an initial two of said switches, means
for reducing the said bias from such predeter-
mined bigs to a level approaching the threshold
level for conduction of said tube upon the sub-
sequent opening of at least one of said two
switches while simultaneously closing a third
switch of said multiple switch unit, and means
resulting from the opening of said third switeh
- while at least one of the first-named switches re-

mains open, to potentialize said grid from said

approach level to bevond the threshold level to
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bring said tube to conducting status, and means

responsive to said conducting status to energize
said work circuit. |
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21, A system for controlling an electric work
circuit comprising a gaseous triode functioning as
a normally non-conducting element in series with
the sald work circuit; a grid control circuit for
said triode; a plurality of electric switches: means
responsive to the closing of at least an initial two
of said plurality of switches to impress a high
negative bias on the said grid circuit; means re-
sponsive to the subsequent opening of at least |
one of said switches and the simultaneous clos-
ing of a third switch to reduce the grid bias to g
point approaching, but not attaining, a threshold
Ievel for conducting condition of said triode:
means responsive to the opening of said third
switch while keeping at least one of said first-
named switches open to carry the grid bias from
sucn approach point to beyond the threshold
level; and means independent of said switches
and energized by the conducting status of said
triode, to restore said ftriode to non-conducting
condition. |

JOHN L. BARKER.
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