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in highway traffic signaling systems wherein
traffic control signal devices located at a plu-
rality of highway intersections along a highway

or a street are controlled from a master con- °

trol station over lines interconnecting the master
control station and signaling device switching
units or control boxes located at the respective
traffic intersections.

In signaling systems of the character noted
the plurality of signaling devices located at each
traffic intersection conventionally comprise a plu-
rality of groups of lamps, each group including
red, green, and amber signal lamps positioned
to face in one traffic approach direction, thereby
to give universally recognized indications to
approaching motor vehicle operators. In. a
four-way intersection four such groups of lamps
are usually provided for properly signaling in
each of the four traffic approach directions.
The lamps at each intersection are arranged
automatically to be controlled by the apparatus
embodied in an associated control box or switch-
ing unit, which apparatus functions repeatedly
to energize the lamps in a definite cyclic order,
Thus on a north-south-east-west intersection the
.north-south right of way signals are energized
for a portion of each operating cycle simultane-
ously with the east-west stop signals. During
another portion of each operating cycle the
north-south stop signals are energized simul-
taneously with the east-west right of way sig-
nals. Between the respective portions of each
cperating cycle allotted to traffic right of way
to the respective intersccting traffic lanes are
periods conventionally known as change-over

"intervals during which the amber or caution sig-
nals are alone energized or are energized in con-
junction with the right of way or stop signals.
A complete operating cycle for the group of
lamyps at any intersection includes, therefore, the
two periods respectively giving right of way to
the two intersecting traffic lanes, and two change-
over periods.

In any system of the form described which
involves a plurality of intersections to be con-
irolled it is desirable that the operating cycles
"of the signal devices located at the various in-

tersections be related in a particular manner

such that the most expeditious movement of
heavy traffic- may be cbtained. As an example
cf related control of the traffic signal operat-
ing cycles there may be cited those systems which
are provided for controlling the traffic along

(CL 177—337)

The present invention relates to signaling ;
systems and more particularly to improvements

main thoroughfares and wherein the so-called
progressive type of traffic contro! is employed.
In this, as in other similar modes of traffic con-
trol, the proper relation between the operating
cycles of the signal lamps at the various traffic
intersections is attained through the expedient
of synchronizing the operating cycles of the
switching units controlling the lamps at the
respective intersections. Obviously, if a non-
synchronous relation develops between the oper.
ating cycles of the switching units it is followed
by an alteration of the desired relation between
the operating cycles of the signaling devices.
Ancther desirable feature usually incorporated in
such a system relates to the provision of means
whereby the percentage of a signal operating
cycle allotted to traffic right of way in a particu-
lar direction may be changed at will, thereby
to adapt the signaling to changing traffic condi-
tions. Still another feature to be found in mod-
ern systems of the character described relates
to the provision of means for interrupting the
normal operation of the signaling apparatus in
case of fire or other emergencies and for dis-
playing a characteristic signal indicating the
emergency condition in all of the approach direc-
tions at each intersection, and means for dis-
playing the caution signal only during periods
of light traffic. While all of the above noted
features are to be found in prior arrangements,
the apparatus involved is quite complicated in
character and expensive to manufacture and in-
stall. Moreover, in the prior systems having in-
corporated therein all of the features outlined
above, a complicated line circuit including an
unduly large number of relatively heavy gauge
line conductors is required for interconnecting
each of the switching units or control boxes
with the master control station.

It is an object of the present invention, there-

fore, to provide an improved signaling system of,
the general character briefly described above

which is of simple and economic construction,
which operates in a thoroughly reliable manner
to provide all of the above-mentioned control
features, and which requires an inexpensive line
circuit including a very small number of line
conductors. ’

It is an additional object of the invention to
provide in a system of the form described, an
improved line circuit interconnecting the various
control boxes or switching units and the master
control station, which circuit is so connected and
arranged that the possibility of any switching
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unit being rendered inoperative, due to a fault
in the line circuit, is practically eliminated.

It is a further and more specific object of the
invention to provide a signaling system of the
character described wherein improved and ex-
ceedingly simple circuit arrangements are em-
ployed for maintaining synchronized the operat-
ing cycles of a plurality of interconnected switch-
ing units.

The invention.as described in detail hereinafter
is illustrated in its application to a traffic control
signaling system wherein a single line circuit in-
terconnects the control apparatus located at the
master control station with the control apparatus
embodied in each of the plurality of switching
units. The objects as set forth above are in part
attained in accordance with the present inven-
tion by providing in each switching unit a cy-
clically operating rotary switch for controlling
the energization of the various associated signal-
ing devices. In one embodiment of the invention
the actuating means incorporated in each unit for
driving the wipers of the associated switch over
its associated bank contacts. comprises a motor
magnet which is connected and arranged to be
energized in accordance with spaced pulses ap-
plied to the line circuit at the master control
station. In a modification of the switching unit
the switch wipers are arranged to be driven by
a motor which is operated through one cycle, to
advance the associated wipers, during each pulse
applied to the line circuit. In each modification
there is provided in the master control station
pulse generating means, and means comprising
a relay operative in accordance with the pulse
output of the pulse generator for applying to
the line circuit voltage pulses, corresponding to
the generated pulses.. These voltage pulses are
utilized to energize means embodied in each
switching unit for controlling th energization of
the switch wiper driving means. Also located at
the master control station is a cyclically oper-
ating rotary switch arranged to be driven in ac-
cordance with the generated pulses so that the
operating cycles thereof are synchronized with
the operating cycles of each of the rotary switches
respectively embodied in the various switching
units connected to be controlled over the line
circuit. In other words, with the system oper-
ating properly, the operating position of the ro-
tary switch located at the master control station
corresponds at all times with the operating
positions of each of the rotary switches embodied
in the respective switching units. At a predeter-
mined point in each operating cycle of the switch
located at the master control station, means con-
trolled by this switch are caused to operate to
impress on the line circuit a control voltage which
causes synchronizing means embodied in the re-
spective switching units to operate and correct
any non-synchronous relation between the oper-
ating cycles of the units.

In accordance with a further feature of the in-
vention the pulse generating means located at
the master control station is arranged to produce
pulses at two different rates and, in order that
the percentage of each signaling cycle allotted to
traffic right of way in a given direction may be
altered to conform to changing traffic conditions,
the rotary switch located at the control station
is arranged to change the pulse transmission over
the line circuit from one rate to the other at a
predetermined point in each cycle of its opera-
tion. As an adjunct to this feature, manually

"operable means are provided at the master con-

2,214,199

trol station whereby the selective and continu-
ous transmission of pulses over the line circuit at
either of the two rates may be achieved. )

In one embodiment of the invention the fire
alarm or emergency signaling consists in the con-
tinuous energization of the stop signals in all
directions and the intermittent energization of
the caution signals in all directions, this mode
of energizating the signaling lamps being
achieved through the provision of a manually
operable switch at the master control station
which, when operated to its off-normal position,
functions to cause the interruption of the normal
operation of the switching units. With this
switch operated to its off-normal position the
various switching units are conditioned to cause
the energization of the sighaling devices noted,
the flashing of the caution or amber lamps being
achieved through the continuous transmission of
pulses at one rate from the master control station
and over the line circuit to each of the switching
units: In the other embodiment of the inven-
tion the normal operation of the switching units
is also interrupted through the actuation of a
manually controlled switch provided at the mas-
ter control station, but in this embodiment a dis-
tinct signaling device is provided at each inter-
section which is continuously energized follow-
ing the operation of the fire or emergency switch
to discontinue the normal operation of the asso-
ciated switching unit. In order to adapt the sys-
tem to conditions of extremely light traffic such
as ordinarily occur.in the early morning hours,
an additional manually operable switch is pro-
vided at the master control station which, when
operated, functions to cause the normal opera-
tion of the switching units to be discontinued
and the caution signals at the various intersec-
tions to be intermittently or continuously en-
ergized, as desired.

Various additional features of the invention
pertain to the specific arrangement of the circuit
elements, whereby the above referred to and ad-
ditional operating features not specifically men-
tioned are attained.

The novel features believed to be character-
istic of the invention are set forth with par-
ticularity in the appended claims. The inven-
tion both as to its organization and method of

operation together with further objects and ad- i

vantages thereof will best be understood by ref-
erence to the specification taken in connection
with the accompanying drawings in which Figs.
1 and 2 illustrate a traffic signaling system hav-
ing embodied therein certain features of the pres-
ent invention:; Figs. 3 and 4 illustrate a second
embodiment of the invention; and Fig. 5 illus-
trates the details of certain of the elements em-
bodied in the arrangement of Figs. 3 and 4.
Referring now more particularly to Figs. 1
and 2 of the drawings the system there illus-
trated comprises a plurality of switching units,
as shown in Fig. 2, a master control station, as
shown in Fig. 1, and a three-conductor line cir-
cuit interconnecting the control station with each
of the switching units. Only one of the switching
units, namely, that located in proximity to and
arranged to control the signaling devices at the
trafic lane intersection 56, is illustrated in de-
tail, but it will be understood that each of the
other switching units, including the unit 65 as-
sociated with the signaling devices serving the
traffic lane intersection 61, are identical in char-
acter with that illustrated. - As shown, the sig-
naling devices at the intersection 56 of the east
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and west highway 50 and the north.and south

highway 55 comprise a red or stop signal lamp
224, a green or right of way signal lamp 223, and
an amber or caution signal lamp 222, arranged
to give indications to the trafiic traveling east and
west along the highway 50. . Also included in the
plurality of signaling devices at the intersection
56 are the red, green, and amber signal lamps 221,
228 and 229, respectively, which are arranged to
govern traffic traveling in the north and south

_directions along the intersecting highway B59.

These signaling devices have operating circuits
traced hereinafter, all of which include the bus
conductors 243 and 244, and which are arranged
selectively to be completed in the manner point-
ed out in detail hereinafter through the opera-
tion of the relays included in the group com-
prising R220, R225, R230, R235, R240, and R245.
Voltage is impressed across the bus conductors
243 and 244 from the secondary winding 248 of
a transformer 241 having its primary winding
249 connected to any suitable source of com-
mercial frequency current at its terminals 242.
In this embodiment of-the invention it is con-
templated that the direct current required for
energizing the above enumerated relays shall be
obtained through the provision of a full wave
rectifying unit, not shown, connected between
the commercial frequency current source and the
direct current bus conductors commonly includ-
ed in the operating circuits of the relays. In
order to simplify the description of these cir-
cuits the direct current source is individually in-
dicated for each of the relays as comprising a

“battery having its positive terminal grounded, -
but it will be understood that a single current

source of the form described will, in practice, be
used. . :

For the purpose of energizing the enumerated
signaling devices or lamps in a -definite cyclic
order there is provided -a cyclically operating
switch in the form of a rotary stepping switch
280. This switch, which may be of any standard
commercial construction, includes a plurality of

5 sets of bank contacts 285, 286, 287, and 288,

wipers 281, 282, 283, and 284, respectively as-
sociated with the contact sets in the order of their
enumeration, and means comprising a motor mag-
net M288 and a ratchet and pawl mechanism, not
shown, for driving the wipers over the contacts
of the respective associated sets. Specifically,
the operating circuits for the various relays re-
ferred to above have embodied therein the con-
tacts and wipers of the switch 280 and are ar-
ranged so that the circuit connections for ener-
gizing the signaling devices are controlled’ by
the movement of the wipers noted over the\ir as-
sociated contacts. \

The magnet M289 is arranged to be energized
from the full wave rectifying unit mentioned
above and for the purpose of controlling the en-
ergization of this magnet in its operation to step
the enumerated wipers of the switch 280 over
the contacts of the respective -associated contact
sets, there is provided a polarized relay R250
having ‘its winding connected in series with an
oppositely poled polarized relay R255 across two
conductors C46 and C47 of the three-conductor
line circuit 45. This relay R250 is so poled that
it operates only when voltage of one polarity is
impressed across.the two line conductors noted.
Similarly, R255, which is provided for the pur-
pose of maintaining a synchronous relation be-
tween the operating .cycle of the rotary switch
280 and the operating cycles of the correspond-

3

ing rotary switches embodied in the various other
switching. units, operates only in response to
voltage applied between the two line conductors
noted of a polarity opposite that of the voltage
to which R250 responds. Specifically, R250 is
energized when negafive potential is applied to

C46 and the opposite positive terminal of the 5

potential source is connected to the grounded or
common conductor C41, and R250 operates when
the polarity of the voltage applied to the con-
ductors noted is reversed.

" As pointed out previously, there is provided in
each of the switching units means- controllable
from the master control station for interrupting
the normal operation of the apparatus in cases
of emergency and for displaying in each direc-
tion of traffic flow along an intersection, signals
indicating the emergency condition. In the pres-
ent embodiment of .the invention this means
comprises the polarized relay R270 and the relay
R210 having its operating circuit arranged fto
be controlled by R2108. The winding of R210 is
connected in series with the winding of R215
across a different pair of conductors of the line
circuit, namely, C41 and C48. The emergency
condition is indicated through ‘the continuous
display of the red or stop signals in all directions
supplemented by the intermittent or flashing dis-
play of the eaution or amber signals in all direc-
tions. - This mode of operation is achieved
through the continuous energization of R210 to
hold operated the two relays R230 and R240
thereby to maintain the red signal lamps ener-
gized and through the intermittent operation of
the polarized relay R250 in-response to-voltage
pulses applied to the conductors C46 and C41,
thereby repeatedly to operate R260.. This re-
peated operation of R260 results in the inter-
mittent energization of R220 and R235 which
relays control, respectively, the amber or caution
signal lamps 222 and 229.

In order to modify the circuit arrangement of
the apparatus to make the operation of the sig-
naling devices at the intersection 56 conform to
the requirements of light traffic, as for example
that which occurs in the early morning hours,
there is provided means comprising the polarized
relay R215 for interrupting the normal operation
of the unit and for causing all of the amber lamps
located at the intersection to be energized. As
noted above, these amber lamps are indicated at
222 and 229 and the operating circuits therefor
are under the control of R220 and R235, respec~
tively. These two relays in turn are arranged
to be energized in response to the operation of
R265 which latter relay includes an obvious op-
erating circuit controlled by the above noted po-
larized relay R215. The polarized relays R250,
R255, R210 and R215 are arranged to be ener-
gized by way of the line circuit from current
sources located in the master control station in
the manner described with greater particularity
hereinafter.

Referring now more particularly to the details
of the master control station illustrated in Fig.
1, the apparatus located at this station com-
prises a cyclically . operating rotary stepping

switch 10 which is arranged to be operated in

accordance with the. pulses transmitted from
the pulse generator 30 in synchronism with each
of the rotary switches, corresponding to and in-
cluding the switch 280, included in the various
switching units which are controlled from the
master control station. The rotary switch 10
may be of any standard commercial construction
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which comprises two sets of bank contacts 19
and 20 of twenty-five points each, wipers I7 and
18 respectively associated with the contact sets
19 and 20, and means comprising a motor magnet
MI8 and a ratchet and pawl mechanism, not
shown, for driving the enumerated wipers over
the contacts of the assoclated contact sets. As
indicated previously the pulse generator 30 op-

erates to produce spaced control pulses at two.
This generator, which is only

diagrammatically shown, may, if desired, take
the form of a circuit breaker driven by a syn-
chronous motor through a gear reduction box
and arranged intermittently to apply ground po-
tential to CII5 at one rate and to CII6 at a
different rate. In the arrangement illustrated
it is contemplated that the fast pulses shall be
applied to CI115 and the slow puilses to the con-
ductor CI16. These pulses control the energi-
zation of RI20 which relay includes contact

‘springs embodied in the operating circuits for

MIi5 and RIT0. As indicated, the relay RIT0 is
provided with a set of armature springs for im-
pressing voltege across the line conductor C46
and CAT of the correct polarity to cause the op-
eration of all of the polarized relays, correspond-
ing to R250, individually included in the respec-
tive switching units.

In order to control the elapsed time interval
required for a complete operating cycle of each
of the switching units and of the associated plu-
rality of signaling devices, thereby to adapt the
traffic control to changing traffic conditions,
there is provided means comprising the relay

. R110 for selectively connecting Ri20 to be ener-

gized in accordance with the pulses applied to
Ci15 or Ci16, whereby RI10 is energized at the

~ selected pulse rate to repeat the pulses, through

40

60

65
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the application of voltage across C46 and C41, to
the above noted polarized relays embodied in
the respective switching units. During the nor-
mal operation of the controller, the relay RI{0
is arranged to be energized for a portion of each
operating cycle of the switch 10 and to be deen-
ergized during the remaining portion of each op-
erating cyele, so that unequal time intervals are
required for the display of the right of way sig-
nals along the respective intersecting highways.
Alternatively, the change over from fast pulsing
to slow pulsing may be attained through the pro-
vision of a time clock or time controlled switch
for controlling the relay R110 in lieu of the switch
0. Such automatic control of the pulse rate
selecting relay RI10 may be interrupted through
the operation of the key switch 23 to one or the
other of its two off-normal positions, thereby to
cause this relay to be continuously deenergized
or continuously energized in the manner de-
scribed more particularly hereinafter.

For the purpose of maintaining the operating
cycles of the various rotary switches correspond-
ing to and including switch 280 synchronized
with each other and with the operating cycles
of the rotary switch 10 the last mentionedswitchis
arranged to control R130 which latter relay func-
tions to control the operation of Ri60. The re-
lay R160, when operated, applies voltage across

2,214,190

Fire alarm control is achieved through the pro-
vision of the manually operable key switch 36

which normally occupies the position Indicated in - -

* the drawings and, when operated to its off-nor-

mal position, completes circuits for energizing
RI100 and Ri80, thereby to interiupt the normal
operation of the switch {0 and the various rotary
switches embodied in the several switching units
controlled by way of the line circuit 45. With
this key switch operated a circuit is also com-

pleted for energizing RIT0 in accordance with

the fast pulses applied to Cli5 by the pulse gen-
erator 30, whereby the amber or caution signal
devices located at the respective controlled in-
tersections are energized.

Control of the switching units to interrupt the
normal mode of operation thereof and to render
the same effective continuously to energize the
amber or caution signal devices located in the

controlled intersections during the hours when

light traffic persists is attained by providing a sec-
ond manually operable key switch 31 which is
arranged to control the energization of the cycle
interrupting relay R100 and the relay R190. The
last mentioned relay when energized applies volt-
age between CAT and C48 of the correct polarity
to cause energization of all of the polarized relays
corresponding to and includng R2715 associated
with the line circuit 45. As pointed out above,
these polarized relays, when energized, cause the
continuous energization of all of the amber sig-
nal devices located at the associated traffic inter-
section. In addition to the elements in the
master control station briefly referred to above
there are provided signal lamps 21, 22, 21, 28 and
29 which function in the manner pointed out in
detail hereinafter visually to indicate to an at-
tendant or operator the particular operating con-
dition of the system at any given time. Current
for energizing the various relays, indicating lamps
and the operating magnet of the switch 10 is pref-
erably supplied from a common bus, not shown,
to which is applied the output voltage of a full
wave rectifying unit having its input terminals
connected to the usual source of commercial fre-
quency alternating current. For convenience in
describing the circuits, however, the source of
current for energizing each element of the ap-
paratus has been individually indicated, in ac-
cordance with conventional practice, as compris-
ing an isolated battery. As regards the current
source for applying voltage to the line circuit
45, it is pointed out that two electrically inde-
pendent batteries are employed. The positive
terminal of one of the two batteries is connected
to the grounded common return conductor CAT
and the negative terminal is arranged to be con-
nected to the conductor C46 through the opera-
tion of either of the two relays R179 and RI89.
The negative terminal of the other of the two
batteries is connected to the common conductor
C41 and the positive terminal thereof is arranged
to be connected to the conductor C48 through the
operation of RI160 or RI90. It will be understood
that a single source or battery may be used pro-
viding the four relays noted are suitably arranged
to_prevent short circuiting of the source when

C46 and C41.of a polarity opposite that applied
to these conductors through:the operation of
RI110, thereby to cause the energization and op-
eration of the polarized relays, corresponding to
and including R255, which relays, as was pointed
out above, function to cause any non-synchro-
nous condition: between the operating cycles of
the various switches to be corrected.

the terminals thereof are. switched from one
side of the line circuit 45 to the other.

Referring now more particularly to the oper-
ation of the apparatus illustrated in Figs. 1 and
2 and assuming that the elements of the master
control station occupy the positions illustrated
in the drawings, ground pulses applied to Ci15 by
the pulse generator 30 are effective to cause the
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intermittent energization of RI20 over a circult
extending from ground on the conductor noted by
way of RCI12, RAIII, RA(01, and through the
winding of R120 to battery. This relay, upon op-
erating, completes at RA121 s circuit for ener-
gizing the motor magnet MIS5, thereby to pre-
pare this magnet to step the wipers 17 and 18
from engagement with the respective first con-
tacts of the sets 19 and 20 and into engagement
with the respective second contacts of these con-
tact sets.” The circuit noted extends from ground
at RA102 by way of RAI2I, RAI31, RCI32, ana
through the winding of Mi5 to battery. The
stepping operation of the switch 10 occurs when
the magnet MI5 is deenergized at the end of the
ground pulse on CI5. Simultaneously with the
completion of the above traced circuit for MIS
a circuit is completed at RA122 for energizing
RIT0, this circult extending from ground at
RAI02 by way of RAI122, RAI34, RCI136, RCI05,
RAI103, and through the winding of R110 to bat-
tery. The relay RI70 upon operating applies neg-
ative battery potential, as indicated, to C#48, the
opposite terminal of the potential source being
connected to C47T through the ground connections
indicated. Thus, voltage of one polarity is im-
pressed across the line conductors C46 and C41
for the duration of the ground pulse applied to
Cii5 and during the interval when the relays
RI29 and RI10 are held energized. This voltage
bulse results in the energization and operation
of R250 and the corresponding relays embodied
in the various other switching units associated
with the line circuit 45. Due to the polarity of
this voltage, however, the polarized relay R255
is not energized and remains inactive. .
The relay R258, upon operating, completes,
at RA251, a circuit for energizing M289, which
circuit extends from ground at the armature
noted by way of RA216, RC211, and through the
winding of M289 to battery. When energized
cver the above traced circuit M289 brepares the
switch 280 to step the enumerated wipers thereof
one step. When the magnet M289 is subsequently
deenergized at the end of the ground pulse ap-
plied to CII5 these wipers are moved into en-
gagement with their respective associated sec-
ond contacts.. It is to be observed that with the
wipers of the switch 280 standing in engagement
with any of their respective associated contacts
numbered from 1 to 12 and with R2(0 deener-
gized, circuits are completed for energizing R230
and R245. The operating circuit for R230 ex-
tends from ground at RA213 by way of the switch
wiper 282, any one of the first twelve contacts
of the set 286 and through the winding of R230
to battery. With this relay in its operated posi-

" tion an obvious circuit is completed at RA231 for
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energizing the stop signal device 224 controlling
traffic traveling in an east-west direction. The
circuit for energizing R245 extends from ground
at RA215 by way of the switch wiper 284, any one
of the first twelve contacts of the set 288, and
through the winding of R245 to battery. With
this relay energized, an obvious circuit is com-
pleted at RA246 for energizing the green or
traffic right of way signal 228 controlling trafic
proceeding in the north and south directions.
It will be apparent from the preceding descrip-
tion that the above described operations of R {20,
the switch 10, R250, and the switch 280, occur
each time a ground pulse is applied to C| 185, thus
causing the two’switches 10 and 280, together
with the other switches similar to the switch 280

and embodied in the other switching units, to be
stepped in synchronism, thereby to measure the
time interval during which right of way is given
to the traffic traveling in the north and south
directions. The stepping operations noted have §
no effect upon the energized condition of the re-
lays R280 and R245 since the respective wipers
of the switch 280 are of sufficient width to bridge -
two contacts during the transition interval when .
the wipers are being stepped from one position 10
to another. :

As noted above, the first portion of the operat-
Ing cycles of the respective rotary switches em-
bodied in the various switching units controlled
over the line circuit 45 corresponds to twelve 15 .
steps of the wipers respectively embodied therein.
During the interval required for the last four
of the first twelve steps, however, a circuit is
completed for energizing R235 thereby to ener-
gize the amber or caution signal device 229 so 20
that an overlapping energization of this signal
and the traffic. right of way signal 228 occurs.
The circuit noted extends from ground at RA214
by way of switch wiper 283, any of the contacts
numbered from nine to twelve of the set 287 and 28
through the winding of R235 to battery. Ob-
viously with R235 energized a circuit is completed
at RA236 for energizing the signal device 229.
When the wipers of the switch 280 are stepped
into engagement with their respective associated 30
thirteenth contacts, the first change-over period
of the operating cycle is completed. Thus, when
this occurs, the above traced operating circuits
for R230, R235, and R245 are interrupted at the
switch wipers 282, 283, and 284, respectively, and 85
circuits are completed for energizing R225 and
R240. The circuit for energizing R225 extends
from ground at RA218 by way of the switch wiper
282, the multipled thirteenth to twenty-fifth con-
tacts of the set 286, and through the winding 40
of R225 to battery. The operating circuit for
R240 extends from ground at RA2(5 by way of
the switch wiper 284, the multipled thirteenth
to twenty-fifth contacts of the set 288, and
through the winding of R240 to battery. With
R225 energized an obvious circuit is completed 4
at RA226 for energizing the green or right of
way signaling device 223 controlling traffic in an,
east-west direction. Concurrently with the ener-
gization of the device 223 the red or stop signal-
ing device 2271, governing traffic broceeding in 50
the north-south directions, is energized through
the operation of R240 to complete, at RA241, the
operating circuit for this device. Hence the traf-
fic right of way is transferred from the north-
south highway 55 to the east-west highway 50. 55
Assuming that the bank contact wiring of each of
the other switching units corresponds to that
of the unit shown, the traffic right of way is
simultaneously transferred to the east and west
highway 50 at each of the other intersections 80
having signaling devices controlled by the other
switching units. .

Since the switch 10 embodied in the master
control station is operated in synchronism with
the switch 280 and the other switches corre- 65
sponding thereto, the wipers thereof will be
stepped into engagement with their respective
associated thirteenth contacts  substantially
simultaneously with the transfer of traffic right
of way in the manner described above, When 70
this occurs the operating circuit for RI10 is in-
terrupted at the switch wiper I8 causing this-
relay to restore its armature RA(1{ so that the
ground pulses applied to CI16 control the opera~-
tion of R120. Since these pulses occur at a much 5
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slower rate than the pulses appled to CI{8 it
will be apparent that a considerably longer time
interval will be required for the wipers of the
switch 18 and the wipers of the other synchro-
nously operating switches embodied in the re-
spective switching units, to be stepped over the
remaining contacts of their respective associated
sets. Hence, traffic right of way is given to the
trafic traveling along the highway 80 for a time
interval which is considerably longer than the

interval during which traffic right of way is al-

lotted to the traffic traveling on the intersecting
highways. The mode of operation of the ap-
paratus is, however, exactly the same as that
described above irrespective of the rate of the

-control pulses. : :

During the continued operation of the switch
280 and when the wipers of the switch 280 are
stepped into engagement with their respective
assoclated twenty-third contacts a circuit is com-
pleted for energizing R220, this circuit extending
from ground on RA2i4 by way of the switch wiper

- 283, the twenty-third contact of the set 287, and
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through the winding of R220 to battery. This
relay. upon operating completes, at RA22(, an
obvious circuit for energizing the amber or cau-
tion signal device 222 governing traffic proceeding

along the highway 50. Since the above traced-

operating circuit for R220 is held energized until
the wiper 283 is stepped from engagement with
{ts associated twenty-fifth contact, an overlap-
ping amber and green signal is given to the east~
west traffic during the period just preceding the
transfer of traffic right of way from the highway
50 to the intersecting highways. .

As indicated previously, provisions are made
for correcting any non-synchronous relation be-
tween the operating cycles of the cycle control
switch 10 embodied in the master control station
and the operating cycles of the various stepping
switches included in the respective switching

~ units. To this end and when the wiper (8 of the
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switch 10 is stepped into engagement with its
twenty-fifth contact a circuit is completed for en-
ergizing R130, which circuit extends from ground
at RA102 by way of the switch wiper 18, RAIBH,
and through the winding of RIi30 to battery.
The relay RI30, upon operating, interrupts, at
RAI31 and RCI32, the pulsing circuit extending
to Mi5 and prepares, at RAI31 and RCI33, a
circuit for energizing Ri40." The relay R130 also
interrupts, at RA134 and RCI36, the above-traced
operating circuit for R{10 and prepares, at RA134
and RCI85, a circuit, traced hereinafter, for en-
ergizing R160. When R128 operates following the
operation of RI30, both of the prepared circuits
referred to above are completed, that for ener-
glzing R140 extending from ground at RA102 by
way of RAl2(, RAI3(, RCI33, and through the
winding of Ri{40 to battery, and that for RI160
extending from. ground at RAI02 by way of
RAI122, RA{34; RCI35, and through the winding
of RIS0 to battery. The relay Ri40, upon oper-
ating, prepares, at RAl&f, a circult for ener-
gizing itself in series with Ri60, this circuit ex-
tending from ground at RAI02 by way of MAIE,

the winding of RI50, RAI4|, and through the -

winding of Ri40 to battery. The above-traced
circuit is completed shortly following the oper-
ation of RI40 and when RI20 restores to remove,
at RA(21, the short circuit placed across the

. winding of RI§0 through the operation of R140.

1%

The relay RI50, upon operating, interrupts at
RAISI the above-traced operating ecircuit for
RI30. When RI30 restores, it reprepares, at

9,214,109 : . -

RAI31 and RCI32, the above-traced pulsing cits
cuit for MI6 and interrupts the operating cir-
cuit for R140. : :

_ - The relay R180, upon operating shortly follow-
ing the operation of R130, applies, at RA1€1, posi- -

tive battery potential to C48. Hence, voltage of
8 polarity opposite that applied between CA48 and
CA41 through the operation of RIT0 is now im-

pressed across the two line conductors noted. .

This voltage is not effective to cause the ener-

gization and operation of R288, but is effective
‘to energize the polarized relay R288, which relay

now operates to complete, at RA286, a circuit for
causing the switch. 280 to operate to a position
corresponding to.that of the switch 10, in che
event the first-named switch has failed to operate
in synchronism with the cycle control switch 10.
To clarity this point, let it be assumed that the
wipers of the switch 280 ‘have fallen two steps
behind the wipers of the switch 108 so that when
the last-mentioned switch has completed its oper-
ating cycle the wipers of the switch 280 stand

‘in engagement with their respective associated

twenty-third contacts. When R285 operates and
with the wipers of switch 280 standing in the
position noted, a circuit is completed for energiz-
ing M289, this circuit extending from ground at
RA256 by way of the multipled contacts of the
contact set 285, the. switch wiper 281, MA289’,
and through the winding of M288 to battery. By
virtue of the self-interrupting contacts asso-
ciated with MA289’, the magnet M289 operates
buzzer fashion to drive the associated wipers 281
to 284, inclusive, instantly to restore these wipers
to a position corresponding to that occupied by
the wipers of the switch 10, or into engagement
with their respective associated twenty-fifth con-
tacts. When the wiper 281 is stepped from en-
gagement with its associated twenty-fourth con-
tact and into engagement with its associated
twenty-fitth contact, the above-traced operating
circuit for M289 is permanently interrupted so
that no further operation of the switch 280 occurs
until the next gperating cycle is initiated. It
will be understood that if any of the switches
corresponding to the switch 280 and embodied in
the other switching units are out of synchronism
with the switch 10 similar operations will occur
to restore these switches to positions such that
the desired synchronous relation prevails.

Shortly following the restoration of Ri30 in -

the above-described sequence. of operations and
when RI120 is again energized, the operating cir-
cuit for Mi5. is completed, causing: this magnet
to attract its armature MAI(S, thereby to inter-
rupt the circuit over which RI40 and R150 are
held energized in series. This operation- corre-

sponds to the beginning of a new operating cycle .

for the switch 10 and the various synchronously
operating switches embodied in the respective
switching units. When RI40 restores it inter-
rupts, at RAI41, a further point in the circuit
for energizing R150 and RI40 in series and, hence,
the apparatus is restored to the condition which
prevailed at the beginning of the operating cycle
just described. The operation of the apparatus
during succeeding cycles is exactly the same as
that described above and is continuous for so long
as the various manusally operable key switches
23, 31, and 38 are maintained in the positions
shown in the drawings. - An indication that this
mode of -operation persists is given by the alter-
nate energization of the signal lamps 21 and 22
during the operation of the switch 10. Thus, with
the wiper |7 standing in engagement with any
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odd numbered contact of the contact set | 9, a cir-
cuit is completed for energizing the lamp 2{, this
circuit extending from ground at RAI02 by way
of the switch wiper {7 and the filament of the
lamp 21 to battery. Similarly, with the switch
wiper 17 standing in engagement with any even
numbered contact of the contact set 19, a cir-
cuit substantially similar with that traced above
is completed for energizing the signal lamp 22,

- As pointed out above, the key switch 23 is pro-
vided for the purpose of changing the time inter-
val required for each operating cycle of the sig-
naling devices located at the various intersections
and for the additional purpose of changing the
percentage or portion of each operating cycle
which is allotted to traffic right of way in the
two traffic approach directions. It has.also been
pointed out that with the switch 23 standing in
its normal position preference is given to traffic
traveling along the highway 59 in that the right
of way signals governing traffic along this high-
way are maintained energized for a longer period
than are the right of way signals governing traffic
on the intersecting highways. If the prevailing
traffic is such that equal right of way periods
should be assigned to traffic in the two intersect-
ing directions of traffic movement, the switch 23
may be operated to either of its two off-normal
positions so that RI10 is either continuously en-
ergized or continuously deenergized. 'Thus, with
the actuating element of this switch operated to
its right off-normal position, the above-traced
operating circuit extending by way of the switch
wiper 8 is interrupted at the switch spring 25
and a new operating circuit extending from
ground at the spring 26 is completed. Hence,
RI[10 is maintained energized so long as the ac-
tuating element of the switch 23 is restrained in
the off-normal position noted and the fast ground
pulses applied to CII5 are utilized exclusively in
controlling the apparatus at the master control
station as well as the apparatus embodied in the
various switching units. When, on the other
hand, the actuating member of the switch 23 is
moved to its left off-normal position, the op-
erating circuit for RI10 is opened at the switch
spring 24, so that this relay is restored to place
the apparatus in the master control station and
the varicus switching units under the control of
the slow ground pulses applied to C{16. Obvious-
Iy, this condition prevails until such time as the
actuating element of the switch 23 is restored to
its normal position.

- The control of traffic in cases of emergency,
such, for example, as in instances where it is de-
sired to give right of way to a fire truck or an
ambulance, is achieved through the operation of
the switch 36 to its off-normal position, thereby
to interrupt the normal operation of the cycle
control switch 10 and each of the switches, cor-
responding to and including the switch 280 in-
dividually embodied in the respective switching
units. Thus, when the key switch 36 is operated
to its off-normal position, a circuit is completed
for energizing R100, this circuit extending from
ground st the switch spring 42 by way of the
spring 41 and through the winding R100 to bat-
tery. Af the switch springs 37 and 38, an ob-
vious circuit is completed for energizing the indi-
cating lamp 28 and RI80 in parallel, and, at the
springs 38 and 49, a circuit is prepared for ener-
gizing R170 and the indicating lamp 27 in accord-
ance with the pulses applied to the conductor
Ct15. The relay R100, upon operating, functions
to interrupt, at RAI01, the pulsing circuit for

7

R120; to interrupt, at RA102, & point in the com-
mon portion of the above-traced circuits for en-
ergizing MI5, RI10, RI30, RI40, and RI50; and
to Interrupt, at RA103 and RCI05, a point in the
first-traced pulsing circuit for R170. The circuit
for energizing R110 and the lamp 27 is completed

upon the operation of RI00 and extends from .

Cl15 by way of the spring 39 to the spring 40
where it divides, one branch extending through
the lamp 27 to battery and the other branch ex-
tending by way of RC104, RAI103, and the wind-
ing of RI70 to battery. ]

When RI80 operates it impresses, at RAI8!,
battery potential across the pair of line conduc-
tors C47 and C48, the negative terminal of the
voltage source being connected to C48 and the
opposite positive terminal being connected to C4T.
Through the operation of RI1¢ in accordance
with the ground pulses applied to Ci 16, voltage
bulses corresponding to the ground pulses are also
Impressed across the conductors C46 and C41, it
being pointed out that the negative terminal of
the voltage source associated with these conduc-
tors is connected to C46 at RAITI during each in-
terval when RI10 is operated.

Turning now to the operations which oceur in
each of the switching units in response to the
operation of the switch 36 to its off-normal posi-
tion and considering only the unit {Hustrated in
detail in Fig. 2, it is pointed out that the voltage
impressed across C471 and C48 through the op-
eration of R180 is of the correct polarity to cause
the energization and operation of R210. This
rélay, upon operating, completes, at ‘RA2TI, an
obvious circuit for energizing R210, which latter

relay, upon operating, interrupts, at RA216 and

RC211, a point in the above-traced circuit for en-
ergizing M289. At RA2(3, RA214, and RA215, the
relay R210 interrupts points in the above-traced
operating circuits for R220, R225, R230, R235,
R240, and R245, thus causing any energized ones
of the signal devices to be deenergized. Substan-
tially simultaneously, alternate circuits are com-
pleted for energizing R238 and R240, these cir-
cuits both starting from ground at RA268 and one
thereof extending by way of RA216’ and through
the winding of R240 to battery, and the other
thereof extending by way of RA217 and the wind-
ing of R230 to battery. The resulting operation
of these two relays causes the two red or stop
signal devices 224 and 227 to be energized, which
condition prevails until such time as the key
switch 36 is restored to its normal position.
During the period when R2710 is energized, the
polarized relay R250 responds to the voltage
pulses impressed between the line conductors C46
and C41 by the relay RI70. Each time R250 oper-
ates it completes, at RA251, a circuit extending
by way of RA216 and RC212 for energizing R260.
Hence, the relay R260 is caused to operate in
accordance with the voltage pulses impressed
across C46 and C41. Each time this relay oper-
ates it completes at RA261 and RA261’ obvious
circuits for respectively energizing the relays
R236 and R220. This last-mentioned pair of re-
lays control, in the manner bointed out above,
the energization of the caution or amber signal
devices 222 and 229. Thus, it will be understood
that flashing amber signals are exhibited to the
traffic on each of the highways 58 and 55 for so
long as the switch 36 is maintained in its off-
normal position. The fact that the red or stop
signal devices located in the various intersecting
points along the highway 50 are energized is indi-
cated by the illuminated condition of the indi-
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cating lamp 28 and the further fact that flashing
amber is also being exhibited to the trafic on
these highways is indicated by the intermittent
flashing of the indicating lamp 21, this latter
lamp being energized each time a ground pulse
is applied to CI15. :

When the switchi 36 is restored to its normal
position, the above-traced operating circuits for
RI100 and RI80 are obviously interrupted, as are
also the circuits for energizing the indicating
lamps 27 and 28. When R180 restores it discon-

nects, at RA181, battery from the line conductors-

C41 and C48, thereby to cause the deenergization
of all the relays corresponding to and including
the polarized relay R210 in the switching unit
illustrated. As a result, R210 is caused to restore
so that the switch 280 is again conditioned to
respond to impulses transmitted by way of the
line conductors CA46 and CAT.. When RI00 re-
stores, the above-traced circuit for transmitting
pulses to RIT0 is opened at RAI03 and RCI04,
thereby to stop the transmission of voltage pulses
by way of the conductors C46 and CAT to R2850.
With R210 and R250 deenergized, it is apparent
that the operating circuits for R230, R240, and
R260 are interrupted. Hence, the red and amber

-signal lamps at the intersection 56 are deener-

gized.
When RI00 restores it also functions to re-
prepare the circuit for energizing R 120 in accord-

ance with the pulses gemerated by the pulse-
generator 30 and the eircuit for energizing RIT0 -
Thus, .

in accordance with the operation of Ri20.
the apparatus is restored to normal and the cyclic
operation of the various rotary switches is con-
tinued from the point at which it was interrupted
when the switch 36 was operated to its off-normal
position. C

As pointed out above, the manually operable
key switch 31 is provided for the purpose of inter-
rupting the normal operation of the switching
units controlled over the line circuit 45 and for
causing these units to function to energize the
caution signaling devices located at the respec-
tive intersections. When this switch is operated
to its off-normal position, there is completed at
the contact springs 32 and 33 an obvious circuit
for energizing R100, which relay functions in the
manner described above to interrupt the operation
of the rotary switch 10 and each of the synchro-
nously operated rotary switches individually em-
bodied in the various switching units. - Briefly
summarized, the relay R100 functions to interrupt
the operating circuit of R120 in accordance with
the pulses applied to either Ci15 or CI{I6, and
with R120 inactive the relays R160 and RIT0 are
maintained deenergized so that no voltage pulses
are applied across the line conductors C46 and
CA1. With RI20 deenergized, the operating cir-
cuit for M5 is held open at RA{21.
application of voltage pulses to C46 and C41 is
discontinued the operation of rotary switches
corresponding to and including the switch 280
is stopped. Hence, the cyclic energization of the

s various signaling devices controlled by the

switches is discontinued.

With the key switch 31 standing in its off-nor-
mal position a circuit is completed for energizing
R180 and the indicating lamp 29 in parallel, this
circuit extending from ground at the switch
spring 34 to the spring 85 where it divides, one
branch extending through the lamp 29 to bat-
tery and the other branch extending through the
winding of R190 to battery. With Ri80 ener-
gized, voltage is impressed between the line con-

When the.
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ductors CAT and C4# of the iine circuit 48, it be-
ing observed that the polarity of this voltage is
such that positive potential is applied to the con-
ductor |C48. This voltage is correctly poled to
cause the operation of the polarized relay R218
and the relays corresponding thereto in the re-

spective other switching units controlled over the.

line circuit 45.- Only the operations which occur
in the switching unit illustrated in detail in Fg.
2 and resulting from the.operation of R218 will
be considered in detail, it being understood that
identical operations occur in each of the other

switching units controlled by way of the line cir-

10

cult shown. With R218 energized, an obvious'

circuit is completed at RA278 for energizing R268.
The last-mentioned relay, upon operating, com-
pletes, at RA268, an obvious circult for energizing

R210. The relay R210.in turn interrupts, in the

manner pointed out previously, the operating cir-
cuits for any energized ones of the relays R220,
R225, R230, R235, R240 and R248, s0 that the
circuits extending by way of the wipers and bank
contacts of the switch 280 are rendered ineffective
to energize any one of the group of enumerated
relays. At its armatures RA216’ and RA2(1, the
relay R210 prépares the previously-traced circuits
for energizing R230 and R240, these circuits be-
ing held open, however, due to the operated con-
dition of R265. At RA218, the relay R240 inter-
rupts a point in the above-traced operating cir-
cuit for M289 and prepares & point in the circuit
for energizing R268. )

The relay R265, upon operating, further func-
tions to complete circuits for energizing R220 and
R235, these circuits extending from ground at
RA268 and RA267T, respectively, and extending
over obvious paths, including the respective wind-
ings of the relays noted to battery. With this
pair of relays energized, the operating circuits for
the caution or amber signaling devices 222 and
229 are completed at the armatures RA221 and
RA236, respectively. Thus, caution signals are
continuously displayed at each of the controlled
intersections for so long as the key switch 31 is
restrained to its off-normal position. This ener-
gized condition of the amber signaling devices is
indicated at the master control station through
the energization of the indicating lamp 29 upon
the operation of the switch 31 in its off-normal
position. .

When the key switch 31 is restored to its nor-
mal position the above-traced operating circuits
for R100 and Ri80 are interrupted, causing these
relays to restore. The relay Ri00, upon restor-
ing, reconditions, in the manner pointed out in
detail above, the apparatus at the master control
station to respond to the impulses applied to C118
or C116, depending upon the position of the
switch 10, whereby the normal operation of the
system is again resumed. When the relay RI190
falls back, the operating circuit for R276 is in-
terrupted, causing the last-mentioned relay to re-
store and open the operating circuit for R265.
When R265 falis back, the operating circuits for
R210, R220, and R235 are opened in an obvious
manner. Following the deenergization of these
three relays the apparatus embodied in the
switching unit illustrated in Fig. 2 is recondi~
tioned to operate in the normal manner as de-
scribed above. In a similar manner each of the
other switching units associated with the line
circuit 4% is reconditioned for normal operation.

As pointed out previously, the system of Figs. 1
and 2 requires that a separate full wave rectifier
be provided in each switching unit for the pur-
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pose of energizing the various relays included in

the unit. "In the system illustrated in Figs. 3, ¢
and 5, on the other hand, no rectifying apparatus
is ‘required at any of the switching units for
the reason that the wipers of the rotary switches
embodied in the respective units are arranged to
be driven by alternating current motors and the
only relays required are those controlled directly
by way of the line circuit interconnecting the
master control station and each of the switching
units. Here again only one switching unit is il-
lustrated in detail, namely, that for controlling
the traffic signaling devices. governing traffic pro-
ceeding through the intersection 460 of the east-
west highway 450. Of the signaling devices indi-
cated, the red, green, and amber lamps 451, 452
and 453, respectively, are suitably arranged. to
govern traffic proceeding along the highway 450
while the red, green, and amber lamps 454, 455,
and 456, respectively, are suitably arranged. to
govern traffic proceeding along the north-south
intersecting highway. It will be understood that
similar signaling devices are provided at each of
the other intersections, such, for example, as the
intersection 465, which devices are controlled by
switching units identical in arrangement to that
illustrated in detail in Fig. 4. The unit for con-
trolling the signaling devices governing traffic
through the intersection 465 is diagrammatically
fllustrated at 470. The above-enumerated sig-
naling devices at the intersection 460 are ar-
ranged to be energized in a predetermined cyclic
manner in accordance with the operation of a
cyclically operating rotary switch indicated gen-
erally at 440. This switch comprises four sets of
bank contacts, 441, 442, 443, and 444, and wipers
446, 447, 448, and 449, respectively, associated
with the confact sets in the order of their enu-
meration. The enumerated wipers are arranged
to be driven by the alternating current motor
schematically indicated at 402 through the driv-
ing mechanism depicted with particularity in Fig.

- 5 and described in detail hereinafter. This mo-

or
ot
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tor includes an operating circuit having three

5 branches arranged respectively to be completed

by way of the cam actuated switch springs 423
and 424, and the wiper 446 of the switch #40.
Also included in the branch of the operating cir-
cuit controlled by the springs 423 are the arma-
ture springs of a polarized relay R400 having its
winding connected in series with that of an op-
posite polarized relay R410 across the line con-
ductors C363 and C364 of the line circuit 362. In
& similar manner the second branch of the oper-
ating circuit for the motor 402 includes armature
springs under the control of the polarized relay
R410, and the third branch of the operating cir-
cuit for the motor 402 includes armature springs
under the control of a polarized relay R420. As
will be noted-from the detailed description of the
operation of the switching unit following herein-
after, the polarized relay R400 comprises means
responsive to-impulses of one polarity applied be-
tween the line conductors C363 and C364 for
causing the motor 402 to drive the wipers of the
switch 440 in accordance with these pulses, Sim-
ilarly, the oppositely poled polarized relay R410
comprises means responsive to voltage pulses of

-opposite polarity applied between the line con-

ductors noted for causing the motor 402 to drive
the enumerated switch wipers of the rotary
switch 440 in accordance with the pulses of op-
posite polarity. The polarized relay R420 com-
prises a portion of means for maintaining the
switch 440 operating in synchronism with the

other similar switches embodied in the various
other switching units and the cycle control switch
included in the apparatus at the master control
station, and includes & winding connected in se-

‘rles with the winding of a fourth polarized relay

RA30 across the two line conductors C364 and
C365 of the line circuits 362. This last-men-

‘tioned relay, which is responsive-only to voltage of

a particular polarity impressed between the line

conductors noted, is provided for the purpose of

energizing predetermined ‘ones of the signaling

devices located at the intersection 460 when volt-

age of the correct polarity is impressed across the
line conductors C364 and C365. More specifical-
1y, this relay is responsive to the operation of the
manually operable night switch provided at the
master control station and functions to cause the
continutous energization of the amber signaling
devices located at the intersection noted. The
relay RA430 also comprises a portion of means for
giving a special traffic indication in instances re-
quiring traffic emergency signaling along the

-highway 460 and the intersecting highways.

Such emergency trafic signaling is attained
through the energization of the special lamp 434
which is provided at the intersection 460 and is
located in a strategic position such that its illu-
mination may be observed from any one of the
four directions of approach. The circuit for en-
ergizing this lamp not only includes the arma-
ture springs controlled by the polarized relay
RA30 but also armature springs controlled by the
Polarized relay R410. .

All of the signaling devices or lamps are en-
ergized from a standard commercial frequency
alternating current source, one side of the cur-
rent source being connected to the terminal 426
and the opposite side of the source being connect-
ed to the switch wiper 448 and the armature
RAM8(1 of R430. The same source is included in
the operating circuit for the motor 402, this

source being connected between the terminal 403

and the armature RA431 of the relay R430. For
the purpose of energizing the special lamp 434
from the same source, one side of this source is
connected to the armature RA411 of the polarized
relay R410 and the opposite side of the source
is connected to the lower terminal of the lamp
as indicated. Since the four relays R400, RA| 0,
RA20 and RA30 are controlled directly through
the application of voltage between the line con-
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ductors of the line circuit 362, it will be apparent -

- that the requirement for a rectifier in the switch-

ing unit is obviated.

Before describing the details of the apparatus
located at the master control station, attention
is directed to the mechanism diagrammatically
{llustrated in Fig. 5, which mechanism functions
to drive the wipers of the switch 440 from the
motor 402 and to control the switch springs 423
and 424. As indicated, the two sets of springs,
namely, the spring sets 423 and 424, are ar-
ranged to be controlled by camming elements 501
and 502, respectively, these elements being
mounted to rotate with a shaft 503 which is
driven by the motor 402 through a gear reduction
mechanism 500. The' springs making up the
spring assemblies 423 and 424 are insulated from
each other and are mounted on a frame member
which may comprise a portion of the housing for
the apparatus illustrated in Fig. 4. The lower
spring of the assembly 423 is provided at its free
extremity with a cam follower projection 505
which is arranged to drop in either of the two

camming depressions 506 and 507 cut at diamet-
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rically opposite points along the periphery of the
camming element §$0f. Similarly, the lower
spring of the assembly 424 is provided at its free
extremity with a camming projection §08 which

" {5 arranged to drop in either of the iwo camming

depressions §09 and 810 provided at diametrically
opposite points around the circumference of the
camming element  $02. It will be understood
from the description which follows that the lower
springs of_ each of the assemblies 423 and 424
are biased away from the respective associated

upper springs so that there is a tendency for the

- oppositely disposed contacts carried by the re-
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spective springs of each set to assume an open
circuit position. Considering the spring assem-
bly 423, this position is only attained, however,
when the position of the shaft 403 is such that
the projection 508 nests in one of the depressions
506 or 5071. Similarly, the cooperating contacts
carried by the springs of the assembly 424 are
only disengaged when the projection 508 Is
dropped into one of the two depressions 888 and
5i0. In this connection it is pointed out that
the elements 581 and $02 are so mounted on the
shaft 503 that the depressions §08 and 8§09 are
not in angular coincidence, but are displaced with
respect to each other about the axis of the shaft
by a right angle. It is evident, therefore, that
the springs 423 and the springs 424 cannot oc-
cupy open circulated positions at the same time.
The wipers 448 to 449, inclusive, of the rotary
switch 440 are mounted for rotation on a shaft
511 which carries a ratchet wheel 512 at one end
thereof. Rotary movement is imparted to the
shaft 511 during rotation of the shaft 583 through
the operation of a pawl mechanism comprising &
pawl 513 pivotally mounted at 514 on a rocker
arm 515 and biased into engagement with the
ratchet wheel 5§12 by means of a coil spring 818,
The arm 515 is, in turn, pivotally mounted at §{1
and includes a free end biased, by means of &
coil spring 519, into engagement with the pe-
riphery of a camming element 818 carried by the
The element 518 is provided at points
displaced by ninety degrees around the periph-
ery thereof with camming projections §20, §20°,
521 and 521’ which serve to rock the arm 518

about its pivot point §17, thereby to condition the

ratchet and pawl mechanism to step the enu-

- merated wipers one step during each quarter

revolution of the shaft 503. Preferably the cam-
ming projections 520, 520’, 521 and 521’ are ar-
ranged angularly to coincide with the four cam-
ming depressions 506, 507, 589 and 510, respec-

§ tively, whereby the ratchet and pawl mechanism

is prepared to step the wipers of the switch 440
at the end of each period during which the motor
402 is energized. During the portions of each
revolution of the shaft 503 when the ratchet and
pawl mechanism is being rocked by the camming
element 518, the ratchet wheel 512 is restrained
against backward movement through the provi-
sion of a locking pawl 522 pivotally mounted at
523 and biased into engagement with the teeth
of the ratchet wheel by a coil spring 524, It will
readily be apparent that when the projection
520, for example, rides against the left extremity

of the arm 515, this arm is rocked In a clockwise

direction regressively to step the pawl from one
tooth of the ratchet wheel 512 to the preceding
tooth. Thereafter, and when the projection 520
rides from beneath the left extremity of the arm
515, the bias exerted on this arm by the spring
519 rocks the arm in a counterclockwise direc-
tion to rotate the shaft 811 and the wipers car-
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ried thereby throuzh an angle requlred to step
the wipers from engagement with one set of
bank contacts and into engagement with the next
succeedirig set of bank contacts.

Returmning now to a consideration of the ap-
paratus located at the master control station and
fllustrated in detall in Fig. 3, it will be noted
that there is a. marked resemblance between this
apparatus and that shown in Fig. 1. Thus, it
will be recognized that the pulse generator 318
corresponds to the similar device 30 embodied in
the system of PFig. 1, and that the switches 304,
345, and 388, correspond respectively to the simi-
lar switches 23, 31, and 38 of the Fig. 1 arrange-
ment. The relay network comprising the relays
R310, 1320, R330, R348, R180, R3C0, and RITY
is somewhat different from that shown in Fig. 1,
bdth as regards the functions performed thereby
and the mode of interconnecting the operating
circuits thereof with the cycle control switch in-
dicated generally at 388. This last-mentioned

.switch is of conventional construction and is in

all mechanical respects similar to the switch 10
embodied in the master control station of Fig. 1,
but differs therefrom in that only eighteen points, 28
corresponding to the eighteen points of the switch
440 and the other rotary switches embodied in
the various other switching units, are provided.

The relays R340, R350, and K368, which control
the application of voltage across the conductors

of the line circuit 382, have their operating cir-
cuits arranged to be controlled directly by the
switch 380, rather than by certain others of the
relays embodied in the master control station.
Current for energizing the various relays, indi-
cating lamps and the motor magnet of the switch
380 .is supplied from a common direct current
bus, not shown, which may be energized either
{from a battery or by connecting the same to the
output terminals of a full wave rectifier. Here,
as in Fig. 1, individual current sources for each
of the circuit elements are shown, however, in
order to facilitate a description of the many cir-
cuits involved. Voltages of opposite polarity are
applied to the conductors of the line circuit 362
through the provision of two independent bat-
teries in the exact manner set forth above in the
g:scrliption pertaining to the arrangement of

g. 1.

Before describing the detalled operation of the
system illustrated in Figs. 3 and 4 attention is
directed to the arrangement of the line circuit
interconnecting the master control station with
each of the several switching units. This circuit
is connected to form a continuous loop as indi-
cated by the dash lines appearing in the lower
right-hand portion of Fig. 4, so that control cur-
rent from the master control station is fedto
each of the switching units over two branches
in parallel. Since a common grounded return

‘conductor C384 is used in conjunction with each

of the conductors C363 and C368, it is unneces-
sary to complete the loop of the common con-
ductor for, by grounding the common conductor
at each end thereof, the effect of a complete
loop is simulated. It will be observed that by
providing a line circuit in the form of a contin-
uous loop or ring, none of the switching units can
be rendered inoperative through the occurrence
of an open-circuit line fault in the line circuit.
This is true for the reason pointed out above,
namely, that control current is fed to each of the
switching units through two branches of the
line circuit in parallel.

-Referring now in greater detail to the opera—
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tion of the apparatus illustrated in Figs. 3, 4, and
5, and assuming that the elements of the master
control station occupy the positions illustrated in
the drawings, a circuit is completed for energiz-
ing R300 to maintain this relay in its operated po-
sition. This circuit extends from ground at
RA312 by way of the switch wiper 385, the mul-
tipled bank contacts of the contact set 382, the
switch springs 305, 306, 307, and 308 and through
the winding of R300 to battery. With this relay
operated, the pulse responsive relay R320 is con-
nected to be energized in accordance with ground
pulses applied to C304 by the pulse generator 315.
When a ground pulse is applied to C304 the oper-
ating circuit for R320 is completed, this circuit
extending by way of RC302, RA30{, RA3iI, and
through the winding of R320 to battery. The re-
lay R320, upon operating, completes, at RA32{,
an obvious circuit for energizing the slow-to-re-
lease relay R330. This last-mentioned relay,
upon operating, opens, at RA331 and RA332,
points in the circuits, traced hereinafter, for en-
ergizing the relays R3%0 and R310, respec-
tively. : ‘

At RA322, the relay R320 completes a circuit
for energizing R3%0, this circuit extending from
ground at RA312 by way of RA322, the switch
wiper 386, the multipled odd contacts of the con-
tact set 383, and through the winding of R350
to battery. The relay R350, upon operating, com-
pletes, at RA351, a circuit for impressing direct
voltage between the line conductors C363 and
C364. As indicated in the drawings the polarity
of this voltage is such that a positive potential
is applied to C363, the negative terminal of the
source being- connected to the grounded return

.-conductor C364 as indicated.
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Simultaneously with the operation of R350 a
circuit is completed, at RA321, for energizing the
motor magnet M381, this circuit extending from
ground at RA312 by way of RA321 and ihrough
the winding of M381 to battery. The magnet
M38T upon being energized conditions its asso-
ciated ratchet and pawl mechanism to step the

5 wipers 384, 385 and 386 of the switch 380 from

engagement with their respective associated first
contacts and into engagement with their respec-
tive associated second contacts. Thereafter and
when the ground pulse responsible for the op-
eration of R320 is terminated to cause this relay
to restore, the circuit for energizing M3817 is in-
terrupted at RA321. With this magnet deener-
gized, the ratchet and pawl mechanism noted op-
erates to step the wipers of the switch 380 one
step. When R320 restores at the end of the
ground pulse applied to C304, the operating cir-
cuit for R350 is interrupted at RA322, causing
the last-mentioned relay to restore to disconnect
the direct current voltage source from across the
line conductors C363 and C364. It is believed
obvious that the above described operations occur
each time a ground pulse is applied to C304 by the
pulse generator 375, and, further, that the wipers
of the switch 380 are stepped at the rate of one
step for each ground pulse impressed on C304.
It is pointed out, however, that R350 does not
operate each time R320 operates. Thus, when
the wipers of the switch 380 are stepped into en-
gagement with their respective associated second
contacts the operating circuit for R358 is opened
at the switch wiper 386 and a circuit is prepared
at this same wiper for energizing R340. This
last-mentioned circuit is completed upon the sub-
sequent operation of R320 when the next suc-
ceeding ground pulse is applied to C304 and ex-
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tends from ground at RA3I2 by way of RAJ22,
the switch wiper 386, the multipled even contacts
of the set 383, and through the winding of R340
to battery. The relay R348, upon operating, ap-
plies direct current voltage between the line con-

ductors €363 and C364, which is of a polarity -

opposite that of the voltage applied between these

conductors through the operation of R350."

Thus, when R340 operates it connects at RA34I
the negative terminal of the direct current source
to C363, the positive terminal being connected to

‘the grounded return conductor C364 as indicated.

From the above it will be apparent that R350
and R340 are alternately energized in response
to alternate operations of R320 and function to
apply voltage pulses of alternate opposite polarity
between the line conductors C363 and C364.
These pulses are applied to the line conductors
noted for so long as the rotary switch 380 oper-
ates.

It will be observed that when the rotary switch
380 is operated to a position such that the switch
wiper 385 no longer stands in engagement with
any one of the first nine conductors of the set
382, the operating circuit for R300 is interrupted.
When this relay falls back the pulse responsive
relay R320 is connected by way of RA301 and
RC303 to be energized in accordance with the
ground pulses applied to C305 rather than the
pulses applied to C304. The purpose of this ar-
rangement is exactly the same as that set forth

‘above with reference to the similar arrange-
-ment illustrated in Fig. 1, and hence need not

be further described. )

The response of each of the switching units to
the voltage pulses of alternate opposite polarity
impressed between the line conductors C363 and
C364 of the line circuit 362 is.identical, and ac-'
cordingly a consideration of the operation of the
apparatus illustrated in detail in Fig. 4 will suf-
fice to render clear an understanding of the
operation of the system as a whole. With the
wipers of the switch 440 standing in their re-
spective home positions as illustrated in the
drawings, a circuit is prepared at the switch
springs of the assembly 424 for energizing the
motor 402 from the alternating current source
connected to the terminal 403. When, there-
fore, a positive potential pulse is impressed on
C363 by the relay R350, the polarized relay
R410 operates to complete the branch of the op-
erating circuit for the motor 402 which extends
from: one side of the alternating current source
at the armature RA431 and by way of RC432,
RAM412, the springs of the assembly 424 and
through the motor 402 to the opposite side of the
source at the terminal 403. The motor 402 is
now energized and drives the shaft 503 through
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one-quarter of a revolution, at which time the

cam projection 508 on the lower spring of the
assembly 424 drops into the cam depression 510
of the element 502 to open the above-traced

60

branch of the motor operating circuit. During -

this rotation of the shaft 503, the camming ele-
ment 518, in cooperation with the ratchet and
paw! mechanism associated with the shaft 511,
rotates the wipers 446 to 448, inclusive, through
an angle such that they are moved into engage-
ment with their respective associated second con-
tacts. Since the camming depressions cut in the
respective peripheral surfaces of the camming
elements 501 and $02 are angularly displaced
with respect to each other by ninety degrees, it
will be understood that when the projection 508
drops into the depression 5i0 the projection
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of the element 581. Hence, the second branch of

the operating circuit for the motor 402 is pre-

pared at the springs of the assembly 4283.
This last-mentioned cireuit is completed upon
the subsequent operation of R348 to apply a volt-
age pulse across C383 and C384 of the correct
polarity to cause the operation of the polarized
relay R400 and extends from ome side of the
source by way of RA401, the springs of the as-
sembly 423, and through the motor 492 to the
opposite side of the source. With the motor
again energized the shaft 8§83 is driven through
another quarter of a revolution, at which time
the projection 508 extending from the lower.
spring of the assembly 423 drops into the cam
depression 587 to interrupt the above-traced sec-
ond branch of the operating circuit for the motor
482. During this rotation of the shaft 503, the
ratchet and pawl mechanism functions to ro-
tate the shatt 8i1 to step the wipers of the
switch 440 a second step, or into engagement with
their respective associated third contacts. Ob-
viously with the shaft 503 standing in a position
such that the springs of the assembly 423 are

disengaged, the projection 808 carried by the -

lower spring of the assembly 424 rests on the

_outer peripheral surface of the camming element
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§02. Hence, the contacts carried by the springs
of the assembly 424 are brought into engage-
ment to prepare the first-mentioned branch of
the operating circuit for the motor 402. Since
voltage pulses of alternate opposite polarity are
impressed across C383 and C364 for so long as
the apparatus in the master control station is
functioning in the manner just described, the
motor 402 is alternately energized over the two
branches of its operating circuit traced above
and the wipers of the switch 440 are stepped
successively into engagement with their respec-
tive associated contacts. In this connection it
is pointed out that the duration of the voltage
pulses applied to the line circuit must be suffi-
cient to permit the motor 402 to drive the shaft
503 through a complete operating cycle each

time the motor is energized. With the arrange-

ment shown it is contemplated that approxi-
mately one second shall be required for the mo-
tor 402 to drive the shaft 503 the one-quarter
revolution representing each operating cycle.
This means, of course, that each ground pulse
applied to C304 or C305 by the pulse generator
318 must endure for a time interval slightly

‘greater than one second. The difference in the

pulse rates of the pulses applied to C304 and

C30% is attained through changing the spacing-

interval between successive pulses.

Assuming that the switch 440 is started in oper- -

ation from its home position as illustrated in the
drawings, the stop or red signaling device 451 gov-
erning traffic proceeding along the highway 450
and the traffic right of way signaling device 455
governing traffic on the intersecting highway are
maintained energized during the interval when
the wipers of the switch #4408 are being advanced
over the first nine of their respective associated
contacts. The path of the current for energizing
the signaling device 451 extends from one ter-
minal of the current source as indicated at 426
by way of the signaling device noted, the multi-
plied first nine contacts of the set 442, the switch
wiper 447, RC432, and RAA43I to the opposite
side of the current source. The circuit for ener-
gizing the signaling device 455 extends from one

2,314,109

. 588 extending from the lower spring of the as-
sembly 423 rides on the outer peripheral surface -

side of the current source at the terminal 428 by
way of the device 468, the multipled first nine
contacts of the set 444, the switch wiper 449,
RC432, and RA43( to the opposite side of the
current source. During the period just preceding
transfer of traffic right of way from the north-
south highway to the east-west highway 480, the
north-south amber or caution signaling device is

energized, Thus, when the switch wiper 448 is

driven into engagement with the eighth contact
of the set 443, a circuit is completed for ener-
gizing the device 488. This circuit extends from
one side of the source at the terminal 426, through
the device 456 and by way of the switch wiper 448
to the opposite side of the source. Since the
eighth and ninth contacts of the set 443 are mul-
tipled together the device 486 is maintained ener-
gized until the wipers of the switch 440 are
stepped into engagement with their respective
assoclated tenth contacts, at which time the
above-traced operating circuit for this device is
interrupted at the wiper 448. Simultaneously
with the deenergization of the north-south. cau-
tion signal the operating circuits for the signaling
devices 46 and 488 are interrupted at the wipers
447 and 449, respectively, and circuits are com-
pleted for energizing the signaling device 462 and
484, therebyto give trafic right of way to the traf-
fic proceeding along the highway 450. These last-
mentioned signaling devices are continuously en-
ergized over obvious circuits until the wipers
of the switch 440 are stepped from engagement
with their respective associated eighteenth con-
tacts and into engagement with their respective
associated first contacts to initiate another oper-
‘ating cycle of the switching unit. During the in-
terval just preceding the retransfer of traffic
right "of way to the north-south intersecting
highway a caution signal is displayed to the
traffic proceeding along the highway 450 through
the energization of the signaling device 453. The
circuit -for energizing this device extends from
one side of the source at the terminal 426
through the device noted by way of the multipled

seventeenth. and eighteenth contacts of the set

443 and the switch wiper 448 to the opposite
side of the source. - .
From the preceding description it will be ap-
parent that the switch 440 is synchronously op-
erated with the cycle control switch 380 located
at the master control station. Specifically each
time the wipers of the switch 380 are stepped one
step the wipers of the switch 440 are also stepped
one step. It is possible that the synchronous
relation between the operating cycles of the two
switches noted may be disturbed and, in order
to correct any such non-synchronous relation,
provisions are made for bringing the operating
positions of the wipers embodied in the respec-
tive switches into coincidence at the end of each
operating cycle of the switch 380. To this end
a circuit is provided for energizing R360 at the
end of each operating cycle of the switch 380 and
when the switch wiper 386 is driven into engage-
ment with the eighteenth contact of the set 3883.
This circuit extends from ground at RA312 by
way of RA322, the switch wiper 386, the
eighteenth contact of the contact set 383 and
through the winding of R360 to battery. The re-
lay R360, upon operating, impresses a control
voltage betwen the line conductors C364 and
C365, the polarity of this voltage being such that
negative potential is impressed on C365. This
control voltage is of the proper polarity to cause
the operation of the polarized relay R420, which
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relay, upon operating, completes a circuit for
energizing the motor 402, this circuit extending
-from one side of the source at RA431 by way of
RC432, RA422, the wiper 448, the multipled con-
tacts of the contact set 441 and through the motor
402 to the opposite side of the source at the ter-
minal 403. As a result, the motor 402 drives the
wipers of the switch 440 until they reach their
respective home positions as indicated in the
drawings, at which time the above-traced operat-
ing circyit for the motor 402 is interrupted at
the wiper 446. Obviously, if the switch 449 is
operating in synchronism with the switch 380
the only effect produced by the operation of R420
is that of completing a multiple branch circuit for
energizing the motor 402, it being understood
from the previous description that the other
branch circuit extends by way of the springs in-
cluded in the assembly 423.

The method by which the normal operation of
the various switching units connected to the line
circuit 362 is interrupted in cases requiring

emergency traffic indications along the highway

450 is somewhat similar to that described above
with reference to the apparatus iilustrated in
Figs. 1 and 2. Thus, when the key switch 355 is
operated from its normal position as indicated in
the drawings to its off-normal position, & circuit
is completed for energizing the relay R310, this
circuit extending from ground at the switch
spring 856 by way of the spring 357 and through
the winding of R310 to battery. The relay R310,
upon operating, interrupts, at RA312, a point in
the common portion of the circuits for energiz-
ing R300, R330, M381 and the two indicating
lamps 388 and 389. At RA3It, the relay R310
opens a point in the pulsing circuit for R320,
thereby to interrupt the operation of the switch
380 and to stop the alternate operation of the re-
lays R340 and R380. With the switch 355 oper-
ated to its off-normal position an alternate cir-
cuit is prepared for energizing R350, this circuit
extending from ground at the switch spring 356
by way of the springs 359 and 342, RA331, RA372,
and through the winding of R350 to battery.
This relay, which only operates following the op-
eration of the slow-to-release relay R310 as de-
scribed hereinafter, functions to impress a direct
voltage across €363 and C364 in a manner such
that the positive terminal of the voltage source
is connected to C363. At the switch springs 356
and 358, a circuit is completed for energizing
R370, which circuit extends from ground at the
spring 356 and by way of the spring 358, RA332
and the winding of R310 to battery. This relay,
upon operating, applies at RA37( direct voltage
between the line conductors C364 and C365, this
voltage being so poled that positive potential
is applied to C365, and completes the ahove-
traced circult for energizing R350. At the springs
343 and 344 an obvious circuit is completed for
energizing the indicating lamp 313, thereby to
Indicate the emergency condition which prevails.

When voltage of the polarity described is ap-
plied between C364 and C365 through the opera-
tion of R310, the polarized relay R430 is caused
to operate to prepare, at RA435, the previously-
mentioned circuit for energizing the emergency
signaling device 434.

Similarly and when voltage of the polarity
noted is impressed between C363 and (364
through the operation of R350, the polarized re-
lay R410 is caused to operate, and, upon operat-
ing, completes, at RA411, the above-mentioned
circuit for energizing the emergency signaling
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device 434 located at the intersection 480. The
operation of R410 further results in the prepara-
tion of one branch of the operating circult for
the motor 402, but, due to the operation of R430
before the operation of R410, this branch cir-
cuit is now open at RA431 and RC432. The ener-
gization of the device 434 indicates to traffic
traveling in all directions the emergency condi-
tion which exists. When R430 operates it inter-
rupts, at RA431 and RC#432, a point in the com-
mon portion of the operating circuits for all of
the red and green signaling devices located at
the intersection 460, and completes, at RA43I,
RC4338 and RC436, obvious circuits for energizing
the caution or amber lamps 453 and 456 located at
this intersection. Hence, the indication occa-
sioned by the energization of the lamp 434 is sup-
plemented by the indication given by the illumi-
nated caution lamps.

The restoration of the apparatus to its normal
operating condition following the above-described
sequence of operations is achieved by returning
the switch 385 to its normal position at which
time the operating circuits for R310, R350, R370,
and the indicating lamp 313 are opened in an ob-
vious manner. When R310 restores, it prepares,
at RA312, the operating circuits for R300, R330,
the indicating lamps 388 and 389, M381, and the
two relays R340 and R350, and, at RA3II, the
pulsing circuit extending to the pulse responsive
relay R320. When R350 and R370 restore to dis-
connect the above-mentioned control voltages
from the conductors of the line circuit, the polar-
ized relays R410 and R430 restore. When the
two polarized relays restore, the operating cir-
cuits for the signaling devices 434, 453 and 45
are interrupted and the apparatus of the switch-
Ing unit resumes its normal operation as de-
scribed above.

It is noted that when the switch 855 is restored
to its normal position the operating circuits for
R350 and R310 are simultaneously opened. Due
to the slow-to-release characteristic of R310,
however, R350 is the first of these two relays to
restore. Hence, R410 is caused to restore, to open,
at RA412, the prepared point in the operating
circuit for the motor 402, before R430 is deener-
gized to prepare, at RA431 and RCA32, another
point in this circuit. The described order in
which R410 and R430 are caused- to operate and
restore is important since it eliminates any pos-
sibility of the motor 402 being falsely energized
to drive the wipers of the switch 440 to a position
ahead of the position occupied by the wipers of
the cycle control switch 380 in response to the
operation of the key switch 355 between its nor-
mal and off-normal positions.

The normal operation of the apparatus may
not only be discontinued through the operation
of the switch 355 to its off~normal position, but
also through the operation of the night switch
345 to its off-normal position. This latter switch
is provided for the purpose of conditioning the
apparatus to energize only those signaling de-
vices located at the various intersections which
function to give caution indications during peri-
ods when light trafic conditions. exist. Specifi-
cally, when this switch is actuated to its off-
normal position an obvious circuit is completed
at the springs 346 and 3471 for energizing the
relay R310. A circuit is also completed at the
springs 348 and 349 for energizing the indicat-
ing lamp 314 in parallel with the relay R370, this
circuit dividing at the spring 349 with one branch
extending through the lamp 34 to battery and
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the other branch extending by way of RA332
and the winding of R370 to battery. When R310

operates, it functions, in the manner described
previously, to stop the operation of the switch

380 and to deenergize R340 and R350 so that
" voltage pulses are no longer applied to C363 and

C364. With R370 energized, voltage is applied
at RA3TI between the line conductors C384 and
€365, this voltage being of the proper polarity to
cause the energization and operation of the po-
larized relay RA430 embodied in the switching

" unit fllustrated in Fig. 4, and of the other relays,
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‘circuit 362,

corresponding to R430, including in the varfous
other switching units controlled over the line
When RA30 operates, it opens, at
RA431 and RCA32, a point in the common por-
tion of the above-traced circults for energizing
the signaling devices at the intersection 460. The
operation of RA30 also results in the completion
of obvious circuits for energizing the caution
signaling devices 458 and 456. The energized
condition of the two signaling devices noted pre-

vails until such time as the key switch 3485 is

restored to its normal position. When this last-
mentioned operation is performed, the operating
circuits for R3i0, the indicating lamp 314, and
R310 are interrupted. When R310 restores, the
operating circuit for the polarized relay R430,
and the other relays corresponding thereto, is
opened. When R430 falls back the apparatus

-embodied in the switching unit shown is again

conditioned to respond to the voltage pulses of
alternate opposite polarity impressed across C363
and C364 through the alternate operation of
R340 and R350. The operation of the relays
noted is initiated upon-the restoration of R310
to recondition the apparatus at the master con-
trol station to operate in the normal manner as
set forth above. ’
Although in each of the embodiments of the
invention as described above the circuit connec-
tions for controlling the energization of the sig-
naling devices are indicated as being of a per-
manent nature, it will be understood that manu-
ally operable switching means may be provided
in each switching unit for changing at will the
rotary switch bank contact multiple connections
which govern the percentage of each operating
cycle allotted to traffic right of way in each di-
rection. In certain installations this may be
desirable for the purpose.of adapting the opera-

. tion of the system to widely divergent traffic

55

* along the north-south highway §5.

conditions occurring at different periods during
the day. Considering specifically the arrange-
ment illustrated in Fig. 2, it will be appreciated
that if the multiples between the contacts form-
ing the set 286 and between the contacts forming
the set 288 are arranged so that the first por-
tion of each operating cycle is completed upon
movement of the wipers of the switch over their
respective associated first eight contacts, the por-
tion of each operating cycle allotted to traffic
right of way in the east and west directions will
be much greater than with the particular multi-
ple arrangement shown wherein twelve points
of the switch are allotted to traffic right of way
The same
is true of the arrangement illustrated in Fig. 4.

" Hence, through the provision of suitable means

70
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for changing at will the rotary switch bank con-
tact- multiple arrangements, the percentage of
each switch operating cycle allotted to traffic

‘right of way in each direction may be varied to

suit the requirements of any prevailing traffic
condition.

2,914,199

It is further pointed out that the operating
cycles ‘'of the signaling devices located at the
respective intersections need not necessarily co-
incide as regards the simultaneous energization
of the corresponding signaling devices at each
intersection.
wherein the so-called progressive type of traffic
control is utilized, the corresponding signaling
devices at successive intersections in any desired
direction must necessarily be energized succes-

Indeed, in those arrangements

10

sively and not in unison. It will readily be appar- -

ent that this type of control may be secured with

" the arrangement illustrated by using progressive

multiples in successive ones of the switching units -

80 that the traffic right of way change-over peri-

ods occur at different times and in a definitely

spaced order. N
While there have been described what are at
present considered to be the preferred embodi-

that various modifications may be made therein
without departing from the invention, and it is
contemplated in the appended claims to cover all
such modifications’ as fall within the true spirit
and scope of the invention.

I claim: . :

1. A trafic signaling system for interfering
traffic lanes comprising, in combination, & plu-
rality of trafic control signaling devices located
at a traffic intersection, a switching unit for ener-
gizing said devices in a definite cyclic order, a
master control station, a line circuit interconnect-
ing said unit and said station, means at said sta-
tion for impressing voltage pulses on said line
circuit, said pulses being of alternate opposite
polarity, a switch included in said unit, said
switch comprising contacts and a wiper associated
with said contacts, a motor for driving said wiper
over said contacts, means responsive only to
pulses of alternate opposite polarity impressed
on said line circuit for causing the operation of
said motor, and circuit connections controlled by
the movement of said wiper over said contacts for
controlling the energization of said- signaling
devices.

2. A .traffic signaling system for interfering
trafic lanes comprising, in combination, a plural-
ity of traffic control signaling devices located at &
trafiic intersection, a switching unit for energizing
said devices in a definite cyclic order, 8 master
control station, a line circuit interconnecting said
unit and said station, means at said station for
impressing voltage pulses on said line circuit, sald
pulses being of alternate opposite polarity, a
switch included in said unit, sald switch compris-
ing contacts and a wiper associated with said con-

‘tacts, a motor for driving said wiper over said

contacts, & pair of polarized relays including
windings connected to said line circuit, said wind-
ings being so poled that one of sald relays
responds to voltage pulses of one polarity im-
pressed on said line circuit and the other of said
relays responds to voltage pulses of opposite
polarity impressed on said line circuit, an operat-
ing circuit for sald motor, said circuit comprising
two branches each including a switch controlled
by said motor, said circuit branches being so con-
nected and arranged that one thereof is com-
pleted upon operation of one of sald relays and is
opened by the motor controlled switch included
therein when the motor has operated through a
predetermined cycle and the other thereof is pre-
pared at the end of said predetermined cycle, is
completed upon operation of the other of said
relays and is opened by the motor controlled
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switch Included therein when the motor has oper-
ated through another predetermined cycle, and
circuit connections controlled by the movement of
sald wiper over said contacts for controlling the
energization of sald signaling devices.

3. A traffic signaling system for interfering
traffic lanes comprising, in combination, a plu-
rality of traffic control signaling deyices located at
& traflic intersection, a switching unit for ener-
glzing sald devices in a definite cyclic order, a
master control station, a line circuit intercon-
necting said station and sald unit, means includ-
ing a relay at said station for impressing voltage
of one polarity on said line circuit, means includ-
ing a second relay at said station for impressing
voltage of & polarity opposite said one polarity on
sald line circuit, & switch at said station, said
switch including contacts, a wiper associated with
sald contacts and & motor magnet for driving said
wiper over said contacts, means for generating
spaced pulses, means operative in accordance
with said pulses for energizing said magnet, cir-
cuit connections controlled by the movement of
sald wiper over said contacts for alternately ener-
gizing said relays, whereby voltage pulses of
alternate opposite polarity are applied to said line
circuit, a switch included in said unit, said last-
named switch comprising contacts and a wiper
assoclated with the contacts, a. motor for driving
said last-named wiper over the associated con-
tacts, means responsive only to pulses of alternate
opposite polarity impressed on said line circuit
for causing the operation of said motor and cir-
cuit connections controlled by the movement of
said last-named wiper over the associated con-
tacts for controlling the energization of said sig-
naling devices.

4. A traffic signaling system for interfering
traffic lanes comprising, in combination, a plu-
rality of traffic control signaling devices located
at a traffic intersection, a switching unit for ener-
gizing said devices in a definite cyclic order, a
master control station, a line circuit interconnect-
ing said station and said unit, means including a
relay at said station for impressing voltage of one
polarity on said line circuit, means including a
second relay at said station for impressing volt-
age of a polarity opposite said one polarity on said
line circuit, a switch at said station, said switch
including contacts, wiper assoclated with said
contacts and a motor magnet for driving said
wiper over sald contacts, means for generating
spaced pulses, means operative in accordance

- with said spaced pulses for energizing said mag-
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net, circuit connections controlled by the move-
ment of said wiper over said contacts for alter-
nately energizing said relays, whereby voltage
bulses of alternate opposite polarity are applied

to said line circuit, a pair of polarized relays .

included in said unit and including windings con-
nected to said line circuit, said windings being so
poled that one of said polarized relays responds to
voltage pulses of one polarity impressed on said
line circuit and the other thereof responds to
voltage pulses of opposite polarity impressed on
said line circuit, a switch included in said unit,
said last-named switch comprising contacts and
a wiper associated with the contacts, a motor for
driving said last-named wiper over the associated
contacts, an operating circuit for said motor, said
operating circuit comprising two branches each
including a switch controlled by said motor, said
circuit branches being so connected and arranged
that one thereof. is completed upon operation of
one of said polarized relays and is opened by the

15

motor controlled switch included therein when
the motor has operated through a predetermined
cycle and the other thereof is prepared at the end
of sald predetermined cycle, is completed upon
operation of the other of said polarized relays and
is opened by the motor controlled switch included
therein when the motor has operated through
another predetermined cycle, and eircuit connec-
tions controlled by the movement of said last-
named wiper over the associated contacts for con-
trolling the energization of said signaling devices.

5. A traffic signaling system. for interfering
traffic lanes comprising, in combination, a plu-

" rality of traffic control signaling devices located

at a traffic intersection,  a switching unit in-
cluding a cyclically operating switch for causing
sald signaling devices to be energized in a defi-
nite order, a master control station, a line circuit
interconnecting said station and said unit, means
for applying control voltage to said line circuit,
means included in said unit and energized by
said voltage for controlling the operation of said
switch, a cyclically operating switch in said sta-
tlon, means energized in accordance with said
voltage for causing- said second-named switch
normally to operate in synchronism with said
first-named switch, and means controlled by said
second-named switch for maintaining said
switches operating in synchronism,

6. A traffic signaling system for interfering
traffic lanes comprising, in combination, a plu-
rality of traffic control signaling devices located
at a traffic intersection, a switching unit in-
cluding a cyclically operating switch for causing
said signaling devices to be energized in a defi-
nite order, a master control station, a line cir-
cuit interconnecting said station and said unit,
means for applying voltage pulses of one polarity
to said line circuit, a polarized relay included in
said unit and energized by said voltage pulses
for controlling the operation of said switch, a
cyclically operating switch at said station,
means energized in accordance with said pulses
for causing sald second-named switch normally
to operate in synchronism with said first-named
switch, said switches having corresponding pre-
determined operating positions, means operated
in response to the operation of said second-
named switch to its said predetermined position

for applying voltage of a polarity opposite that

of said voltage pulses to said line circuit, a po-
larized relay included in said unit and ener-
gized only by said second-named voltage, and
circuit means controlled by said last-named re-
lay for causing said first-named switch to be op-
erated to its said predetermined position only
in the event said first-named switch has not
previously been operated to its said predeter-
mined position. )

7. A traffic signaling system for interfering
traffic lanes comprising, in combination, a plu-
rality of traffic control signaling devices located
at a traffic intersection, a switching unit at said
intersection and including a stepping switch, said
switch including contacts, a wiper associated
with said contacts and a motor magnet for driv-
ing said wiper over said contacts, circuit con-
nections controlled by the movement of said
wipers over said contacts for energizing said sig-
nal devices in a definite cyclic order, a master
control station, a line circuit interconnecting
saild unit and said station, an operating circuit
for said magnet, a polarized relay connected to
said line circuit and operative to complete said
operating circuit, means for applying voltage
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pulses of one polarity to sald line circuit thereby
to energize sald relay, a stepping switch at said
station, sald second-named switch including
contacts, a wiper associated with said last-named
contacts and a motor magnet for driving said
last-named wiper over the associated contacts,
means for energizing said second-named motor
magnet in accordance with said voltage pulses,
whereby said switches are normally operated in
synchronism, means controlled by said second-
named switch and energized once during each
operating cycle thereof for applying voltage of &,
polarity opposite that of sald voltage pulses to
said line circuit, a second polarized relay. in sald
unit and energized by said last-named voltage,
and a second operating circuit for sald first-
named motor magnet, said second circuit being
controlled by said first-named switch and said
second-named polarized relay and being so ar-
ranged that it is only effective to cause the op-
eration of sald first-named switch when sald
switches are not operating in synchronism.

8. A trafic algnaling system for interfering
trafic lanes comprising, in combination, a plu-
rality of traffic control signaling devices located
at a trafc intersection, a switching unit at said
intersection and including a switch, said switch
comprising contacts and a wiper associated with
sald contacts, a motor for driving said wiper
over sald contacts, circuit connections controlled
by the movement of sald wiper over sald con-
tacts for energizing- said signaling devices in a
definite cyclic order, a master control station, &
three conductor line circuit interconnecting said
unit and said station, another switch at said sta-
tion, said second-named switch comprising con-
tacts, a wiper associated with said last-named
contacts and a motor magnet for driving the
last-named wiper over the associated contacts,
means at sald station for generating spaced
puises, means for energizing said motor magnet

in accordance with said pulsés, means at said

station and controlled by sald second-named
switch for impressing voltage pulses of alternate
opposite polarity across two conductors of said
line circuit, means included in said switching
unit and responsive only to voltage pulses of al-
ternate opposite polarity impressed on said two
conductors for causing the operation of said
motor, the operation of said motor being so re-
lated to the operation of said second-named
switch that normally said switches operate in
synchronism, means controlled by said second-
named switch for impressing voltage across & dif-
ferent pair of the conductors of said line circuit
only when said second-named switch is operated
to a predetermined position, and means ener-
gized by said last-named voltage for causing said
motor to drive said first-named switch to a po-
sition corresponding to the said predetermined
position of said second-named switch in the
event said two switches are not operating in syn-
chronism.

9. A trafic signaling system for interfering
trafic lanes comprising, in combination, & plu-
rality of traffic control signaling devices located
at a traffic intersection, & switching unit at said
intersection and including a switch, said switch
comprising contacts and a wiper associated with
said contacts, a motor for driving said wiper
over said contacts, circuit connections controlled
by the movement of saild wiper over said contacts
for energizing said signaling devices in a defi-
nite cyclic order, a master control station, a
three-conductor line circuit interconnecting said

9,914,199

unit and said station, another switch at said
station; sald second-named switch comprising
contacts, s wiper associated with said last-named
contacts and a motor magnet for driving the
last-named wiper over the associated contacts,
means for generating spaced pulses, means for
energizing said motor magnet in accordance with
said pulses, means including a relay for applying
voltage of one polarity across two conductors of
said line circuit, means including a second-relay
for applying voltage of a polarity opposite said
one polarity across said two conductors, circult
connections controlled by the movement of said
1ast-named wiper over the associated contacts for

alternately energizing sald relays, whereby volt-

age pulses of opposite polarity are impressed
across sald two conductors, a pair of polarized re-
lays included in said unit and including windings

connected across sald two conductors, sald wind- ..

ings being so poled that one of sald relays re-
sponds to voltage pulses of said one polarity im-
pressed on said line circuit and the other of said

relays responds to voltage pulses of opposite po-

larity impressed on said line circuit, switching
means controlled by said motor, an operating cir-
cuit for said motor, means including said relays
and said switching means for controlling the con-
dition of said operating circuit, the operation of
said motor being so related to the operation of

10

sald second-named switch that normally said 30

switches operate in synchronism, a relay at said
station for applying voltage across a different pair
of the conductors of said line circuit, an operating
circuit for said last-named relay, said last-named
operating circuit being completed upon operation
of the switch wiper of said second-named switch
to & predetermined position, and means ener-
gized by said last-named voltage for causing
said motor to drive said first-named switch to &
position corresponding to the said predetermined
position of said second-named switch in the
event sald two switches are not operating in
synchronism. ’

. 10. Trafic signaling apparatus for interfering
traffic lanes comprising, in combination, a plu-

. rality of right of way and stop signals located at

a traflic intersection, & switching unit for ener-

gizing sald signals in a definite cyclic order, said

unit being operative to maintain the right of
way signals governing trafic on one lane and
the stop signals governing traffic on the inter-
secting lane energized for & portion of each oper-
ating cycle and to maintain the stop signals gov-
erning traffic on said one lane and the right of
way signals- governing traffic on sald intersect-
ing lane energized for another portion of each
operating cycle, and means for controlling sald
switching unit to vary the time interval of only
one of said portions of each operating cycle,

thereby to vary the total time interval of each -

cycle and to change the percentage of each cycle
during which right of way is given to the respec-
tive lanes. = o .
11. Traffic signaling apparatus for interfering
trafic lanes comprising in combination, a plu-
rality of right of way and stop signals located
at a trafic intersection, a pulse responsive
switching unit for energizing said signals in a
definite cyclic order, said unit being operative
to maintain the right of way signals governing
trafiic on one lane and the stop signals govern-
ing traffic on the intersecting lane energized for
a portion of each operating cycle and to main-
tain the stop signals governing traffic on said
one lane and the right of way signals govern-
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ing tra.mc on said mtersectmg lane energized
for another portion of each operating cycle, and
means for automatically transmitting pulses to
said unit at each of two different rates during

the respective portions of each operating cycle,

whereby the respective time intervals of said
portions of said operating cycles are different.
12. Traffic signaling apparatus for interfering
traffic lanes comprising in combination, & plu-
rality of right of way and stop signals located at
& trafiic intersection, a pulse responsive switching
unit for energizing said signals in a definite
cyclic order, sald unit being operative to main-
tain the right of way signals governing trafic
on one lane and the stop signals governing trafiic
on the intersecting lane energized for a portion
of each operating cycle and to maintain the stop
signals governing traffic on said one lane and the
right of way signals governing traffic on said

intersecting lane energized for another portion:

of each operating cycle, means operative auto-
matically to transmit pulses to said switching unit
at one rate during one portion of each operating
cycle, means operative automatically to trans-
mit pulses to said unit at a different rate during
another portion of each operating cycle, and
additional means selectively operable to cause
pulses to be transmitted to said unit at a uniform
rate for all portions of each operating cycle.

13. A traffic signaling system for interfering
trafic lanes comprising, in combination, a plu-
rality of traffic control signaling devices located
at a traffic intersection, a switching unit for en-
ergizing sald devices in a definite cyclic order,
& cyclically operating switch, means for generat-
ing spaced pulses at two different rates, means
for controlling the operation of said switch in
accordance with the pulses of one rate, pulse con-
trolled means included in said switching unit
and responsive to sald pulses for controlling the

energization of said signaling devices, each oper--

ating cycle of said switch corresponding to an
operating cycle of sald signaling devices, and
means controlled by sald switch and operative
when said switch attains a predetermined oper-
ating position in each operating cycle for con-
necting said pulse controlled means and said
switch to be controlled by the pulses of the other
rate.

14. A traffic signaling system for interfering
traffic lanes comprising,.in combination, a plu-
rality of traffic control signaling devices located
at a traffic intersection, a switching unit for en-
ergizing said signaling devices in a definite cyeclic
order, a switch, said switch including contacts,
a wiper associated with sald contacts and a mo-
tor magnet for driving said wiper over said con-
tacts, means for generating spaced pulses at two
different rates, means for energizing said motor
magnet in accordance with the pulses of one rate,
pulse controlled means included in said switching
unit and responsive to said pulses for controlling
the energization of said signaling devices, each
operating cycle of sald switch corresponding to
an operating cycle of said signaling devices, a
relay-for connecting said pulse controlled means

" and said magnet to be energized in accordance

with the pulses of the other rate, and an operat-

" ing circuit for said relay controlled by move-
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ment of said wiper over said contacts, said cir-
cuit being completed at a predetermined point in

each operating cycle of said switch.

15. A traffic signaling system for interfering
trafic lanes comprising in combination, a plu-
rality of traffic control signaling devices located

17

at a traflic intersection, a switching unit for ener-

gizing sald devices in a definite cyclic order, a
three conductor line circuit interconnecting said
unit and said station, means at said station for
applying voltage pulses across two conductors of
sald line circuit, a switch included in said unit,
said switch comprising contacts, a wiper asso-

_clated with sald contacts and means for driving

sald wiper over said contacts, circuit connections
controlled by the movement of said wiper over
said contacts for controlling the energization of
sald signaling devices, means included in said
unit and responsive to the voltage pulses applied
to said two conductors for energizing said driv-
ing means,- & manually operable switch at said
station having a normal position and an off-
normal position, means responsive to the opera-
tion of said last-named switch to said off-normal
position for discontinuing theé operation of said
first-named switch, means also responsive to the
operation of said last-named switch to said off-
normel position for impressing voltage across a
different pair of conductors of sald line circuit,
and means included in said switching unit and
responsive to the application of said last-named
voltage to said line circuit for energizing a pre-
determined one of said signaling devices to give a
particular trafiic indication.

16. A traffic signaling system for interfering
traffic lanes comprising, in combination, a plu-
rality of traffic control signaling devices located
at & traflic intersection, a switching unit for en-

-ergizing said devices in a definite cyclic order, a

master control station, a line circuit intercon-
necting said unit and said station, means at said
station for impressing spaced voltage pulses on
two conductors of said line circuit, a switch in-

cluded in said unit, said switch comprising con-

tacts, a wiper associated with said contacts and
& motor magnet for driving said wiper over said
contacts, an operating circuit for said motor
magnet, a relay including a winding connected

to said line eircuit, said relay being operative to.

complete - said- operating circuit in accordance
with said voltage pulses, circuit connections con-
trolled by the movement of said wiper over said
contacts for controlling the energization of said
signaling devices, a manually operable switch
having a normal position and an off-normal po-
sition, means included in said unit and responsive
to the operation of said last-named switch to
said off-normal position for interrupting said
operating circuit and for deenergizing any of said
signaling devices energized by way of said con-
nections, means included in said unit and re-
sponsive to the operation of said last-named
switch to said off-nmormal position for continu-
ously energizing a predetermined one of said sig-
naling devices, and means included in said unit
and responsive to the operation of said last-
named switch to said off-normal position for en-
ergizing another of sald signaling devices in ac-
cordance with said voltage pulses, whereby a
predetermined traffic indication is given by said
devices.

17. A traffic signaling system for interfering
traffic lanes comprising, in combination, a plu-
rality of traffic control signaling devices located
at a traffic intersection, a switching unit for en-
ergizing said devices in a definite cyclic order,
& master control station, a three-conductor line
circuit interconnecting said unit and said station,
means at sald station for applying voltage pulses
across two conductors of said line circuit, means
included in said unit and responsive to said pulses
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for controlling the energization of said signaling
devices, & manually operable switch at said sta-
tion having a normal position and an off-normal
position, means responsive to the operation of

5 said switch to said off-normal position for dis-
continuing the normal operation of sald switch-
ing unit and for impressing voltage across' a
different pair of the conductors of said line cir-
cuit, means included in sald switching unit and

10 responsive-to the application of said last-named
voltage to said line circuit for energizing a pre-
determined one of said signaling devices to give
a particular traffic signal indication, a second
manusally operable switch at said station, said

15 second switch having a normal position and an
off-normal position, means responsive to the oper-
ation of said second switch to its said off-normal
position for discontinuing the normal operation
of sald switching unit, and means incjuded in

20 said unit and responsive to the operation of sald
second switch to its said off-normal position for
energizing predetermined ones of said signaling
devices to give a second particular traffic signal
indication.

28 18, In a traflic signaling system, a master con-
trol station for controlling a plurality of traffic
signaling device switching units by way of a
line circuit and comprising, in combination, a
cyclically operating switch, a pulse generator,

30 means controlled by said generator for applying
voltage pulses to said line circuit, means for op-
erating said switch in accordance with said volt-
age pulses, means controlled by said switch for
applying a synchronizing voltage pulse to said

35 Iltne circuit, and means controlled by said switch
for changing the rate of the voltage pulses ap-
plied to said ine circuit. )

19. In a traffic signaling system, a master con-
trol station for controlling a plurality of traffic

40 signaling device switching units by way of a line
circuit and comprising, in combination, a cycli-
cally operating switch, a pulse generator, means
controlled by said generator for applying voltage

. pulses to said line circuit, means for operating

45 sald switch in accordance with said voltage
pulses, means controlled by sald switch for ap-
plying a synchronizing voltage pulse to said line
circuit, means controlled by sald switch for
changing the rate of the voltage pulses applied to

80 said line circuit, and selectively operable means
for rendering said last-named means nonrespon-
sive to operation of said switch.

20. In a traffic signaling system, & master con-
. trol station for controlling a plurality of traffic

88 signaling device switching units by way of a line
circult and comprising, in combination, a cycli-
cally operating switch, a pulse generator, means
controlled by saild generator for applying voltage
pulses to said line circuit, means for operating

60 said switch in accordance with said voltage
pulses, means controlled by said switch for ap-
plying a synchronizing voltage pulse to said
line circuit, means controlled by said switch for
changing the rate of the voltage pulses applied

65 to said line,circuit, selectively operable switch-
ing means having & normal position and an off-

. normal position, and means responsive to the

operation of said last-mentioned switching

means to said off-normal position for interrupt-

70 Ing the operation of said cyclically operating

switch and for applying a control voltage to said
line circuit.

21. In a trafic signaling system, a master con-

trol station for controlling a plurality of traffic

75  signaling device switching units by way of a line

2,914,100
circult and comprising, in combination, a cycli-

cally operating switch, a pulse generator, means
controlled by said generator for applying volt-
age pulses to said line circuit, means for operat-
ing said switch in accordance with said voitage 8
pulses, means controlied by said switch for ap-
plying & synchronizing voltage pulse to said line
circuit, means controlled by sald switch for
changing the rate of the voltage pulses applied
to said line circuit, a switch having a normal po- 10
sition and an off-normal position, means respon-
sive to the operation of sald last-named switch

to said off-normal position for interrupting the
operation of sald cyclically operating switch and
for applying a control voltage to said line circyit, 18
& second switch having & normal position and
an off-normal position, and means responsive to
the operation of said second switch to its said
off-normal position for interrupting the oper-
ation of said cyclically operating switch and for 20
impressing a control voltage on said line circuit

‘different from said first-named control voltage.

22. In a traffic signaling system, a master con-
trol station for controlling a plurality of traffic -
signaling device switching units by way of a line £8
circuit and comprising, in combinsation, & cycli-
cally operating switch, a pulse generator, means
controlled by said generator for applying voltage

‘puises to said line circuit, means for operating
.sald switch in accordance with said voltage 30

pulses, means controlled by said switch for ap-
plying a synchronizing voltage pulse to said line
circuit, means controlled by said switch for
changing the rate of the voltage pulses applied

to sald line circuit, selectively operable mesns 38
for rendering said last-named means nonrespon-
sive to operation of said switch, a switch having

& normal position and an off-normal position,
and means responsive to the operation of sald
last-named switch to its said off-normal posi- 40
tion for interrupting the operation of said cy-
clically operating switch and for impressing a
control voltage on said line circuit.

23. In a traffic signaling system, a switching
unit adapted to be controlled by way of a line 45
circuit connected thereto and operative to ener-
gize a plurality of associated traffic control sig- -
naling devices in a definite cyclic order compris-
ing, in combination, a stepping switch including
contacts, a wiper assoclated with said contacts 5o
and motor means for driving the wiper over said
contacts, circuit connections controlled by the
movement of sald wiper over said contacts for

. controlling the energization of the associated sig-

naling devices, a pair of polarized relays connect- 58
ed and arranged alternately to operate in re-
sponse to pulses of alternate opposite polarity im-
pressed on said line circuit, and circuit connec-
tions partially controlled by sald relays for en-
ergizing said motor means, said circuit connec- gg
tions being s0 connected and arranged that said
motor means is caused to advance said wiper
one step each time one of said relays operates.

24. In 8 trafic signaling system, a switching
unit adapted to be controlled by way of a line ¢35
circuit connected thereto and operative to en-
ergize a plurality of associated traffic control sig-
naling devices in a definite cyclic order compris-
ing, in combination, a stepping switch including
contacts, & wiper associated with said contacts 70
and motor means for driving the wiper over said
contacts, circuit connections controlled by the
movement of said wiper over sald contacts for
controlling the energization of the associated sig-
naling devices, a pair of polarized relays con- 78
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nected and arranged alternately to operate in re-
sponse to pulses of alternate opposite polarity im-
pressed on said line circuit, circuit connections
partially controlled by said relays for energizing
said motor means, said circuit connections being
so connected and arranged that said motor
means is caused to advance said wiper one step
each time one of said relays operates, and syn-
chronizing means adapted to be energized by way
of said line circuit for energizing said motor
means to drive sald wiper to a predetermined
position once during each operating cycle of said
switch in the event said wiper is not already in
said predetermined position when said synchro-
nizing means is energized. )

25. In a traffic signaling system, a switching
unit adapted to be controlled by way of a line
circuit connected thereto and operative to ener-
gize a plurality of associated traffic control sig-
naling devices in a definite cyclic order com-
prising, in combination, a switch including con-
tacts, a wiper associated with said contacts and
motor means for driving the wiper over said
contacts, circuit connections controlled by the
movement of said wiper over said contacts for
controlling the energization of the associated
signaling devices, pulse responsive means adapt-
ed to be connected to the line circuit for con-
trolling the energization of said motor means,
synchronizing means adapted to be energized by
way of said line circuit for energizing said mo-
tor means to drive said wiper to a predeter-
mined position once during each operating cycle
of said switch in the event said wiper is not al-
ready in said predetermined position when said
synchronizing means is energized, and means
adapted to respond to a predetermined control
voltage applied to said line circuit to interrupt
the operation of said switch, deenergize any of
said signaling devices energized by way of said
circuit connections, and energize a predeter-
mined one of said signaling devices to give a
particular traffic signal indication.

26. A traffic signaling system comprising, in
combination, a master control station, a plu-
rality of switching units each arranged to en-
ergize a plurality of traffic control signaling de-
vices associated therewith in a definite cyclic
order, a line circuit interconnecting said switch-
ing units and said control station, said control
station and each of said units respectively in-
cluding a cyclically operating switch, means at
said station for applying voltage pulses to said
line circuit, means included in each switching
unit and energized in accordance with said pulses
for driving the switch of the corresponding unit,
means at said station for driving the switch
thereat in accordance with said pulses, means
controlled by said last-named switch for main-
taining the operating cycles of sald switches
synchronized, means controlled by said last-
named switch for changing the rate at which

said voltage pulses are applied to sald line ecir- -

cuit, selectively operable means for rendering
said last named means nonresponsive to opera-
tion of said last-named switch, a switch at said
station having a normal position and an off-
normal position, and means responsive to the
operation of said last-named switch to its off-
normal position for discontinuing the operation
of the cyclically operating switches Included in
sald units, deenergizing any energized ones of
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the signaling devices and energizing predeter-
mined ones of the signaling devices at each
intersection to give a particular traffic signal
indication.

27. In a traffic signaling system, a master con-
trol station for controlling a plurality of sig-
naling device switching units by way of a line
circuit and comprising, in combination, a cycli-
cally operating switch including motor means, a
pulse generator, means controlled by said gen-
erator for energizing said motor means to drive
said switch, means also controlled by said gen-
erator for applying voltage pulses to said line
circuit, and means controlled by said switch for
changing the rate of the voltage pulses applied
to said line circuit.

28. In a traffic signaling system, a master con-
trol station for controlling one or more signal-
ing device switching units by way of a line cir-
cuit and comprising, in combination, a cyclically
operating switch having a plurality of operat-

ing positions and including motor means, pulse
generating means operative to generate pulses

at two different rates, means controlled by said
pulse generating means for energizing said mo-
tor means in accordance with the pulses of one
rate, thereby to cause the operation of said
switch, means also controlled by said generat-
ing means for impressing voltage pulses of said
one rate on said line circuit, means responsive
to operation of said switch to a predetermined
one of said positions for energizing said motor
means in accordance with the pulses of the other
rate, and means also responsive to operation of
said switch to said predetermined position for
causing voltage pulses of said other rate to be
impressed on said line circuit. '

29. In a trafiic signaling system, g switching
unit adapted to be controlled by way of a line
circuit connected thereto and operative to en-
ergize a plurality of associated traffic control
signaling devices in a definite cyclic order, said
unit comprising, in combination, a switch in-
cluding contacts, a wiper associated with said
contacts and motor means for driving said wiper
over said contacts, circuit connections controlled
by the movement of said wiper over said con-
tacts for controlling the energization of the as-
sociated signaling devices, a pair of polarized
relays including windings adapted to be con-
nected to said line circuit, said windings being
so poled that one of said relays responds to
voltage pulses of one polarity impressed on said
line circuit and the other of said relays responds
to voltage pulses of opposite polarity impressed
on said line circuit, and an operating circuit
for said motor means, said circuit comprising
two branches each including a switch controlled
by said motor means, said circuit branches being
50 connected and arranged that one thereof ig
completed upon operation of one of said relays
and is opened by the motor controlled switch
included therein when said wiper is operated
through a predetermined movement and the
other thereof is prepared at the end of said
predetermined movement, is completed upon op-
eration of the other of said relays and is opened
by the motor controlled switch included therein
when said wiper has been operated through a
second predetermined movement.
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