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This invention relates to automatic tone switching, 
Sequencing, transmitting, and receiving, and in partic 
ular to apparatus at a master traffic controller for the 
automatic Switching and sequencing of one or more audio 
tones for reception at and remote control of a plurality 
of local traffic signal controllers. 

Apparatus which will control the function of a plurality 
of traffic control devices from a master control device em 
ploying the pulse technique is well known. Examples 
of such devices are illustrated in United States Patent 
2,826,752 and 2,832,060 issued to George Donald 
Hendricks et al., and in application 473,080 filed De 
cember 6, 1954, by George Donald Hendricks now aban 
doned and continued in the United States Patent 3,005, 
188, entitled Electric Channel Selectors, and assigned 
to the assignee of the present invention. What is believed 
to be new is to provide apparatus which employs the 
tone technique to simultaneously control the operation 
of a large number of local traffic signal controllers 
through a plurality of control combinations. Hitherto 
the signals for the change of each control function had 
to be sent in turn and could not be sent simultaneously. 
A master controller of the computer type with which 

the invention is adapted to cooperate is illustrated in 
United States Patent 3,120,651, entitled Traffic Adjusted 
Traffic Control System and assigned to the assignee of the 
present invention. The local intersection traffic signal 
controllers with which the invention is adapted to co 
operate are illustrated in patent application 642,469, 
filed February 26, 1957, entitled Multiple Program Traffic 
Control System also assigned to the assignee of the pres 
ent invention. The subject invention is designed to re 
place the seven wire interconnection between the master 
and all local controllers with a two wire circuit or a radio 
link. 
The apparatus of the invention consists of a group 

of tone generators operating continuously and an all 
tomatic sequence timer started through a cycle of opera 
tion each time a control condition is changed by the 
master controller. Several control conditions can be 
changed simultaneously. Previously, groups of pulses 
were transmitted for each change required, a different 
series of pulses being employed for each different function 
change required. In the new apparatus the sequence 
represents a complete set of control conditions which are 
established after the prior control condition has been 
erased. Thus, when a function change is called for by 
the master each of the past functions at the local is 
erased and immediately the new functions are placed in 
effect. 

Another difference between the prior art devices and 
this device is that the present device employs two fre 
quencies simultaneously, one as a multiplier to double 
the effect of the other frequencies. The automatic Se 
quence timer, in conjunction with the control relays, 
closes one or more circuits between one or more tone gen 
erators and the output circuit to provide various tone 
combinations and sequences which cause different effects 
at the responders. The automatic sequence times also 
interrupts the synchronizing tone while the other tones 
are being sent. 
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The responder at each local controller receives and 

amplifies the tones, and depending upon the frequency 
of the tone energizes one or more sensitive relays. The 
sensitive relays latch or unlatch one or more control 
relays which switch power to the output control circuits 
which energize or deemergize control relays in the local 
controller. 

Functions controlled by each local traffic signal con 
troller consist of traffic cycle length and synchronization, 
traffic cycle split, and traffic cycle offset. In the form 
of the invention described herein, there are six choices 
of trafiic cycle length, four independent selections of 
trafic cycle split, and four independent choices of offset 
or progression. 
The six choices of traffic cycle length may be selected 

by master and local controller apparatus of the type 
disclosed in United States Patent 3,047,838, entitled Traf 
fic Cycle Length Selector. The four choices of traffic 
cycle split may be selected, for example, by master and 
local controller apparatus such as that disclosed in ap 
plication 742,160, filed June 16, 1958, and entitled Traf 
fic Cycle Split Selector. The four choices of traffic cycle 
offset may be selected by master and local controller ap 
paratus of the type disclosed in application 768,193, 
filed October 20, 1958, entitled Traffic Cycle Offset Se 
lector. Each of the above patent applications is assigned 
to the assignee of the present invention. 

Cycle length or duration is herein defined as the time 
in seconds from the beginning of the right of way in 
terval on one street, through the right of way intervals 
on all other streets at the intersection, until the beginning 
of the next right of way interval on the first street. 
Cycle split is defined as the percent division of the com 
plete traffic signal cycle between one street and a cross 
street. Offset is defined as the percent of a traffic 
signal cycle that the start of an interval at a local inter 
section is delayed or advanced from the start of the 
same interval at the master controller. 
The principal object of the invention is to provide a 

sequential tone transmitter and receiver adapted to per 
mit a master traffic controller to effect control of a 
plurality of local intersection traffic signal controllers 
through a large number of control conditions. 
Another object is to provide automatic sequencing of 

the outputs of a plurality of tone generators to an out 
put circuit depending upon the condition of a plurality 
of control relays. 

Another object is to provide a tone sequencing circuit 
started through a sequence each time a control relay 
is energized, or deemergized. 

Another object is to provide a plurality of tone re 
sponders, each including an amplifier, a relay having a 
plurality of contacts each responsive to a different tone, 
a plurality of sensitive relays energized through the dif 
ferent contacts, and a plurality of control relays con 
trolled by the sensitive relays. 
Another object is to provide a five tone sequencing 

device designed to control nine functions including traffic 
cycle synchronization, four choices of split, and four 
choices of offset. 
Another object is to provide a sequencing device em 

ploying one tone for synchronization, one tone for latch 
relay release, two tones for two changes of one function, 
and a multiplying tone for doubling the number of 
functions controllied. 

Another object is to provide a synchronizing tone trans 
mitted for most of each traffic signal cycle and inter 
rupted by the sequencing timer when a function change 
is transmitted. 
Another object is to provide automatic tone sequencing 

apparatus and a radio transmitter adapted to broadcast a 
plurality of tones in sequence, and a plurality of local 
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radio receivers and tone sensitive devices to remotely 
control a group of traffic control functions. 
The invention will be described with reference to the 

following drawings, of which: 
FIGURE 1 is a block diagram showing a commonly 

used multiconductor interconnection between a master 
controller and a plurality of local controllers. 
FIGURE 2 is a block diagrain of one form of the in 

vention employing a master controller, tone sequencing 
apparatus, and a circuit interconnected to a plurality of 
tone responders and local controllers. 
FIGURE 3 is a block diagram of the preferred form of 

the invention employing a radio transmitter and receiver 
between the sequencing apparatus and the tone re 
SponderS. 
FIGURE 4 is a wiring diagram of the master tone 

sequencing apparatus. 
FIGURE 5 is a cam chart for the automatic sequenc 

ing timer. Each horizontal line indicates a tone output 
if its control relay is energized. 
FIGURE 6 is a wiring diagram of the local tone re 

sponsive apparatus. 
Before the invention is described, an existing form of 

interconnection will be described. FIGURE 1 iHustrates 
in block diagram form the present method of traffic cycle 
controller interconnection in common use today. A mas 
ter traffic controller M may receive information from two 
or more trafic detectors in two or more traffic lanes and 
Select a most expedient traffic cycle length, split, and 
offset, and energize one or more control conductor 
20-25 accordingly. The master controller may also be 
the type which programs changes in trafic cycle length, 
Split, and offset, or may employ any combination of 
traffic volume controlled and program controlled system. 
A plurality of local intersection traffic signal controllers 

L are located at Street intersections remote from the mas 
ter controller M. A. Seven conductor cable CC is installied 
between the naster controller Ivá and each local controller 
L. Conductor 28 carries the variable frequency current 
for traffic cycle length control, conductor 22 carries the 
Synchronizing pulse, conductors 22, 23 carry the trafic 
cycle offset controlling current, and conductors 24, 25 
carry the traffic cycle split controlling current. Line La 
is the common return cenductor. 
The present invention is directed toward the reduction 

of the number of conductors required in the intercon 
necting cable CC, and in another form to the elimination 
of cable CC altogether. 
The simplest form of the invention is shown in FEG 

URE. 2. A master trafic signal controller of the con 
puting or programming type, or any combination thereof, 
is indicated at M. It is designed to energize one or more 
of the control conductors 29–25 to thereby effect con 
trol of the local intersection traffic signal controllers L. 
In known Systems, each of the conductors extends from 
the master controller M to all of the local controilers L. 
In the present invention the seven conductor cable is re 
placed with a pair of conductors over which a plurality 
of tones are transnitted to each of the local controllers. 
One of the conductors may be grounded. The conduc 
tors may be a pair of wires in an existing cabie or may 
be a leased telephone pair. In a new installation a two 
conductor interconnection is cheaper than a multi-con 
ductor installation. In a new installation a leased tele 
phone pair would probably be more economical than a 
Separate two wire interconnection. 
The master tone sequencing apparatus is indicated at 

TS in FIGURE 2, its purpose is to translate electric 
potentials received from the master controller M over 
conductors 21–25 to tones sent for a period of one or 
more Seconds duration each time a control function 
changes. The series of tones are transmitted over inter 
connecting conductor CC to each tone responder R, one 
of which is shown. The tone responders R are designed 
to amplify the signal received from the master to thus 
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reduce the load imposed on line CC, and to apply the 
anplified signal to a tone sensitive relay. The relay has 
a plurality of vibrating reeds each of which nakes inter 
mittent contact with a stationary contact when its reso 
nant frequency is present in the incoming signa. Each 
of the contacts controls a sensitive relay which in turn 
controls a latching type output relay. The latch relays 
apply poiential to a number of circuits 25-25 connected 
to control the local controllier L. One tone is sent prior 
to the others to inlatch the relays that are already 
atched. 
The variable frequency which determines traffic cycle 

length is also transmitted to each local controllier il from 
the master controller yi over conductor CC. The vari 
able frequency signal is applied to the cathode follower 
output stage in tie tone sequencer TS and is thus applied 
to conductor CC. At the responder R the variable fre 
quency signal is amplified along with the other tones 
before being applied to a novel amplifier A. The ampi 
fier A is designed to supply a voltage to a timing motor, 
the Voltage across the motor being Substantially propor 
tional to frequency. The amplifier is described mere 
fully in patent application 830,038 filed aly 28, 1959, 
entitled Constant Current Traffic Control Amplifier, now 
abandoned. The variable frequency generating apparatus 
at the naster controller is disclosed fully in patent appli 
cation 830,096 fied Suly 28, 1959, entitled Remote Con 
trol of Trafic Cycie Length. Each of the above appli 
cations is assigned to the assignee of the present invention. 
The variable frequency portion of the master and local 

controllers is not described in this application but is 
shown in the block diagrams for completeness. The 
appaTatus of this application is inited to function change 
and Synchronization. 

in the Second form of the invention shown in FG 
JRB 3, a standard radio transmitter TR is employed at 
the master controllier and a standard radio receiver XR is 
employed at each local controller, in piace of the inter 
connecting circuit CC. The output of the master tone 
Sequencing apparatus TS is applied as a modulator of 
the carrier frequency developed in transmitter TR. The 
receiver XR demodulates the radio signal received and 
applies the tone frequencies to the tone responder R. 
The remainder of the apparatus is identical with that de 
Scribed in coinection with FIGURE 2, 
The variable frequency for controlling the duration of 

the traffic signal cycle is also employed as a modulator 
of the radio carrier frequency and is broadcast by trans 
mitter TR. The radio frequency is detected by the tuned 
receivers XR and demodulated and the resulting variable 
frequency is applied to the preamplifier in the tone re 
Spoilder Rand is then applied to the filter stage of ampli 
fier A. The output is used to drive the traffic cycle tim 
ing mechanism within the local controller L. 
The master tone sequencing apparatus is illustrated in 

diagraminatic form in FIGURE 4. The control con 
dectors 26 and 22-25 originate in the master traffic con 
troller and are shown at the left of the diagram. Con 
dictor 28 carries the variable frequiency and connects 
directly to the cathode follower CF whose output is ap 
plied to control circuit CC. Conductors 22-25 control 
relays CR2-CR4. Conductor 22 controls the Synchro 
nizing pulse and is shown originating at the Synchronizing 
Contacts 2SS. Conductor LE connects to return line L. 

It will be noted that line 21 in FIGURES 2 and 3 is 
Connected between the master controller M and the tone 
sequencer TS while in FIGURE 4, line 23. originates at 
the Synchronizing switch 23S. in the preferred form of 
the invention the cam 29 shown in FIGURE 4 is located 
in the Master Controller M. The Ouipuit of tone generator 
T5 is conducted to the master on line 25A and applied to 
line 2 during approximately 97% of each traffic signal 
cycle. iline 25 connects with the cathode follower CF 
and the output circuit CC. 

Synchronizing power is sent out duting approximately 
97% of the traffic signal cycle and interrupted during 
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approximately 3% of the cycle. During the interruption 
a pair of synchronizing contacts may close in each local 
controller L without braking the dial motor. If any local 
controller L is out of step with the master M, closure of 
its resynchronizing contacts energizes a brake and stops 
the timing dial until resynchronizing power from the 
master M is interrupted. The local controller L and 
master controlier M then start out together and in step. 
An example of this type of synchronizing system is shown 
in patent application 642,469 named above. 
The variable frequency line 23 is not controllied by 

the sequencing timer but is applied directly to the cathode 
follower CF and thence to the FM transmitter TR for use 
as a modulating frequency, if a metallic circuit CC is 
used in place of the radio transmitter TR, the variable 
frequency is fed to each local controller on circuit CC. 

Control relays CR-CR4 are of the continuous duty 
type because one or all of them may be operating for 
periods of considerable duration. Relays CR2 and CR2 
are used in binary combination to obtain four choices of 
traffic cycle split. If neither relay is energized a first 
split is in effect. When one relay is energized, a second 
split is effective. When the other is energized, a third 
split is in effect. If both are energized, a fourth split is 
effective. 

Relays CR3 and CR4 are used in binary combination 
to obtain four choices of traffic cycle offset. If neither 
relay is energized, a first offset is in effect. When relay 
CR3 is energized, a second offset is effective. When relay 
CR4 is energized, a third offset is in effect. If both relays 
are energized,a fourth offset is effective. 

Each of the control relays has three sets of contacts; 
one set, CRAB-CR&B close a holding circuit to a group 
of slow release relays CR5-CRS, a second set, CRA 
CR4A transfer to close a circuit to the sequencing timer 
motor ME, and a third set, CRSC-CR4C close circuits 
from the tone generators T2, T3 to the cathode follower 
CF and output circuit CC. 
The automatic sequencing timer T consists of a motor 

M1 which, through gearing, not shown, rotates a cam- d. 
shaft upon which a plurality of cams C-C10 are 
mounted. Each of the cams C1-C10 controls one of the 
switches S-S10. The Switches S1-S18 may be in the 
form of individual Snap acting switches. The mechani 
cal aspects of the timer are omitted from the drawings 
as they are well known and commonly used. 

Switch SA provides a holding circuit for timer motor 
MA. Switch S2 controls a multiplying relay CRM. Relay 
CRM is termed a multiplying relay because it doubles 
the number of functions which may be controlled by the 
apparatus. In a deemergized condition a first group of 
functions are controlled; in an energized condition, a 
second group of functions are controlled. 

Switches S3-S6 provide temporary energization paths 
for the slow break relays CR8-CR5, respectively. 
Switches Si-Si (, in conjunction with the control relay 
contacts, control the duration and timing of application 
of the various tones T5 T2, respectively, to the cathode 
follower CF and output circuit CC. 

Operation 

The operation of the automatic tone sequencing appa 
ratus will now be described. Reference will be made to 
FIGURE 15 for timings of cams C1-C8 and switches 
S-S10. Assume, for example, that none of the control 
relays CRA-CR4 is energized and that the timer T has 
completed its cycle of operation and is at rest in the 
dwell interval. Only switch Si is closed permitting the 
synchronizing tone from tone generator T5 to pass over 
conductor 23A, through the synchronizing Switch 29S, 
through line 21, to the cathode follower CF, and to output 
circuit CC. Although the other tone generators T-T4 
are operating, none of their switches S8-S18 or control 
contacts are closed and none of the tones reach the cath 
ode follower CF. Thus, the traffic cycle split and traffic 
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6 
cycle offset which were previously selected when the 
split and offset control conductors were deemergized 
are still in effect. 
Assume now that the master controller M of the type 

shown in patent application 742,160 senses a change in 
the ratio of main street to cross street traffic volumes and 
energizes line 24 to effect a change in traffic cycle split 
at the local controllers L. Split control relay coil. CR1-C 
is energized. It transfers contacts CRiA, and closes 
contacts CREB and CRC. 
When contacts CRA transfer they provide a path for 

temporarily energizing timer motor Mil. The path in 
cludes line i 2, line 3i, now-transferred contacts CRA, 
contacts CR5A, line 32, motor M1, line 33, and line L1. 
Motor M. rotates the camshaft and cans C1-C10 which 
control switches S1-S6. Switch Si closes almost imme 
diately and provides a motor holding circuit through 
ine L2, line 34, now-closed switch Si, line 35, to motor 
MA. Cam C, FIGURE 5, is cut to permit switch S1 to 
be closed for almost an entire revolution of the camshaft 
and permits motor ME to drive the camshaft a full 
revolution each time the motor is temporarily energized. 
When contacts CREB close they close one gap in a 

circuit to slow break relay coil CR5-C. During interval 
a of the sequencing timer T, cam C6 permits switch S6 
to transfer for approximately one second and provide a 
path for energizing relay CR5. The path includes line 
L2, rectifier RDI, line 36, now-transferred switch S6, 
line 41, now-closed contacts CREB, line 45, relay coil 
CR5-C, iine 37, and line L. Relay contacts CR5B 
close and when switch S6 transfers back to the position 
shown in FEGURE 4 a holding circuit is completed. The 
circuit includes line 2, rectifier RD1, line 36, Switch S3, 
line 5, now-closed contacts CR58, relay coil. CR5-C, 
line 37, and line L. Contacts CR5B remain closed while 
switch S6 transfers from the energizing position to the 
holding position because relay CR5 is a slow break relay. 
Its delay period may be approximately one-half second. 

(Contacts CR5A transfer and open the temporary ener 
gizing circuit to motor M.A. Motor Mi does not stop 
ecause it is being energized through switch SS. Con 

tacts CRSA are provided to interrupt the motor starting 
circuit. 

Relay CR5 will remain energized until control line 
24 from the naster controller M is deemergized. Line 24 
will remain energized until traffic volumes change and 
the traffic cycle split must be changed. In going from 
the condition in which control conductor 24 is energized 
to the condition in which both control conductors 24 and 
25 are to be energized, no change is made in the condition 
of relays CRi and CR5. Only the condition of relays 
CR2 and CR6 is changed: they both become energized. 

Returning to the description of the operation of the 
sequencing apparatus, timer T has timed into interval 
and can C2 permits switch S2 to close and energize the 
multiplying relay CRM. The path of current is from 
line L2, line 38, switch S2, line 39, multiplying relay 
coil CRM-C, and iine L. Contacts CRM1 and CRM2 
transfer and contacts CRM3 close. 
The transfer of contacts CRM has no effect because 

control relay contacts CR2C and CR4C are open. The 
transfer of contacts CRM2 has no effect because control 
contacts CR3C are open. The closure of contacts CRM3 
permits the output of tone generator T1 to flow to the 
cathode follower CF and output circuit CC. At the 
local tone responder the multiplying tone has no effect 
When transmitted alone. 
When timer T times into interval 2, can C8 closes 

switch S8 and permits the output of tone generator T4 
to flow through line 58 to the cathode follower CF and 
output circuit. CC. At the local tone responder this 
unlatches any offset controlling relay. Since it was 
assumed at the start of the explanation that all con 
ductors 22-25 were dead and thus none of the split or 
offset control relays are latched in, the unlatching of the 
offset control relays has no effect. 
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When the timer T times into interval 3, can C9 closes 
switch S9 and permits the output of tone generator T3 to 
flow through line 59 to now-transferred contacts CRMil. 
The signal cannot flow to the cathode follower CF 
because contacts CR4C are open. 

In interval 4, cam C10 permits switch S15 to close 
and permits the output of tone generator T2 to flow 
through line 6 and now-transferred contacts CRM2. 
Since contacts CR3C are open, the signal cannot reach 
the cathode follower CF. 
The multiplying frequency is permitted to flow for 

a short period during interval 5 to make the setting of 
can C2 less critical. During intervals 6 through it 
switch S2 is open and the multiplying relay CRM is 
deemergized. Contacts CRM3 open and contacts CRMI, 
and CRM2 transfer back to the position shown in 
FGURE 4. 

During interval 6 none of the tones is transmitted So 
that a separation will exist between the offset controliing 
tones and the split controlling tones. During interval 7 
can C8 again permits switch S3 to close. The knock 
down tone passes through switch S8, through line 58, to 
the cathode follower CF and output circuit CC. Since 
none of the split controlling relays in the local tone 
responders are energized, the knockdown frequency makes 
no change in their position. 

During interval 8 cam C39 closes switch S9 and permits 
signal from tone generator T3 to flow through line 59, 
through contacts CRM1, to contacts CR2C. Contacts 
CR23 are open and the signal cannot flow to the cathode 
follower CF. 

During interval 9 cam C20 closes switch S19 and 
permits signal from tone generator T2 to flow through 
line 69, through contacts CRM2, through now-closed 
contacts CRC, to the cathode follower CF and output : 
circuit CC. At the local tone responders a first split 
control relay is energized and latched in. It places con 
tinuous power on a first split controlling line. Thus, 
when the master controller calls for a change in traffic 
cycle split, the change is made a few seconds later at 
all local controllers. 
Timer T times interval () during which no tones are 

transmitted, and comes to rest in the dwell interval when 
can CS opens switch SE in the motor holding circuit. 
Cam C7 permits Switch S7 to close so that the synchroniz 
ing tone from tone generator TS is applied to the synchro 
nizing switch 29S through line 21A. Since switch 29S 
is closed during the greater portion of each traffic signal 
cycle, the synchronizing signal is applied through line 2 
to the cathode follower CF and output circuit CC. A 
timer in the master controller M may open line 22A 
after each function change that requires the local con 
trollers to get into step. This reduces the amount of 
time the synchronizing current need be transmitted. 
Assume now that the master traffic controller deter 

mines from traffic volumes that the traffic cycle split 
should revert to the split which was first in effect. It 
deenergizes control line 24 and relay coil CR-C. Con 
tacts CRAB open but have no effect because switch S6 in 
series with them is already open. Relay coil. CRS-C 
is receiving power from line L2, rectifier RDS, line 36, 
switch S6, line 5, and contacts CR5B. 

Contacts CRA retransfer to the position shown in 
FIGURE 4, and since contacts CR5A are still transferred, 
a temporary path is provided to energize timer motor T. 
The circuit includes line L2, line 31, still-transferred 
contacts CR5A, contacts CRA, line 32, motor M, line 
33, and line ii. 
Motor Mi rotates the timer camshaft and almost 

immediately cam CE permits switch SS to close the motor 
holding circuit. Cain C6 causes switch S6 to transfer 
and this breaks the holding circuit for slow break relay 
coil. CR5-C. Switch S6 remains transferred longer than 
the release time of relay CRS. Thus, contacts CR58 
open before switch SS retransfers to the position shown 
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in FIGURE 4. The timer times through intervals to 6 
as described above with no effect on the offset control 
relays at the local tone responders. 

in interval 7, Switch S8 closes and permits the knock 
down signal from tone generator T4 to pass through line 
53 to cathode follower CF and output circuit CC. At 
each local tone responder the split control relays unlatch 
ing coils are energized. Since only the one split control 
relay is latched in, it is the only relay affected. Being 
linlatched, it removes power from the first split control 
conductor, and the traffic cycle split reverts to that orig 
inally in effect when no split control conductor was 
energized. 
The energizing and holding circuits for the slow break 

relay coils CR5-C to CR8-C are designed to operate in 
conjunction with the sequencing timer T to provide a 
memory circuit that starts timer T through a sequence 
When a control conductor is energized and again when it 
is deemergized. This, in conjunction with the latch type 
selays in each tone responder, makes it possible for the 
system to Send tones intermittently and not continuously. 
This makes it possible to utilize the time between func 
tion changes for Synchronizing purposes. It also reduces 
the time that radio signal is broadcast and thus reduces 
interference with other communication in the same band. 
The variable frequency for adjustable control of traffic 
Cycle length is broadcast continuously using another inter 
rediate frequency but the same carrier. 
The circuit is designed so that only two function con 

trol tone frequencies need be transmitted at any one time. 
This insures accurate response at each responder. If 
more frequencies were transmitted simultaneously there 
Would be a greater possibility that the wrong reed would 
vibrate Suficiently to energize its sensitive relay. Fur 
thes, the unaber of stages of amplification and the cost 
sof the amplifier has been reduced to a practical minimum. 
{Cost is an important factor where a large number of tone 
fesponders is involved, as with the present invention. 

Second Split Control Conductor 
ASSune now that the naster traffic controller M senses 
change in the ratio of traffic volumes on intersecting 

Streets and determines that a third traffic cycle split 
should be in effect. Assume also that the traffic cycle 
Slit previously in effect requires neither conductor 24 nor 
25 to be energized. Thus, the sequencing timer T is in 
the dwell interval and none of the relays CR-CR4 or 
CRS-CR3 are energized. 
When conductor 25 is energized by the master con 

troller M, it energizes split control relay coil CR2-C. 
Contacts CR2A transfer and contacts CR2B and CR2C 
close. 

Contacts CR2A provide a temporary energizing path 
for timer motor. M3. The path includes line L2, line 
3, now-transferred contacts CR2A, contacts CR6A, line 
32, and motor MS. Motor Mit rotates the camshaft and 
can C allows Switch S1 to close and provide a continu 
ous circuit for notor Ai for one revolution of the timer 
camshaft. 
Cams C3-C6 permit switches S3-S6 to transfer for ap 

proximately one second. Switch S5 is the only one of 
the four switches which is effective because only con 
tacts CR2B are closed. Switch S5 applies power to relay 
coil. CR6-C. The circuit includes line L2, line 38, recti 
fier RDS, line 35, now-transferred Switch S5, line 42, 
now-closed contacts CR2B, line 46, relay coil CR6-C, 
line 37, and line. 
When relay coil CR5-C is energized, it causes contacts 

CRSB to close and contacts CR6A to transfer. The clo 
sure of contacts CR6B has no immediate effect because 
switch S5 is still transferred. The transfer of contacts 
CR6A breaks the motor initiating circuit made by con 
tacts CR2A but this has no immediate effect on motor 
MA because switch SS is closed to hold the motor ener 
gized for one revolution of the timer camshaft. 
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Approximately one second after switch S5 transfers and 
energizes relay coil CR6-C it retransfers and closes the 
circuit to retain relay coil CiR6-C energized. The circuit 
includes line L2, line 38, rectifier RD1, line 36, switch 
SS, line 52, now-closed contacts CR6B, coil. CR6-C, line 
37, and line L1. Relay CR6 does not open its contacts 
during this rapid transfer because it is a slow break relay. 

Also during interval Switch S2 closes and energizes 
the multiplying relay coil CRM-C. During interval 2 
switch S8 closes to permit the knockdown tone signal to 
fiow. During interval 3, switch S9 closes but the tone 
does not reach the output stage because contacts CR4C 
are open. During interval 4, switch S10 closes but the 
tone does not reach the output stage because contacts 
CR3C are open. 

During interval 5 only the multiplying tone is present. 
in interval 6 no tone is present. During intervals 6 
through 40 switch S2 is open and the multiplying relay 
CRM is deemergized. Contacts CRM3 open and con 
tacts CRM and CRM2 retransfer to the position shown 
in FIGURE 4. In interval 7 the knockdown tone is 
present because switch S3 is closed. Since the multiply 
ing tone is absent, the knockdown tone unlatches only the 
trafic cycle split control relays and not the offset control 
relays. 

During interval 8 switch S9 closes and permits the sig 
nal from tone generator T3 to flow over line 59, contacts 
CRM, now-closed contacts CR2C, to the cathode fol 
lower CF and output circuit CC. At the local tone re 
sponders this tone pulls in the second split control relay 
and makes that traffic cycle split effective. 

During interval 9 switch S10 closes but no signal flows 
from tone generator T2 because contacts CRC are open. 
During interval 10 no output occurs. The timer T comes 
to rest in the dwell interval. Thus, a new traffic cycle 
split is put into effect in an automatic sequencing cycle 
which takes approximately 12 seconds to complete. 
Note that the knockdown tone for the split and the offset 
are each sent immediately prior to the split controlling 
tones and the offset controlling tones so that a blank is 
not left between the knockdown tone and the control 
tone. 
One general type of local traffic signal controller appara 

tus designed for control by the present tone sequencer 
and responder is shown in the above mentioned patent ap 
plication 642,469 entitled Multiple Program Trafic Con 
trol System. One specific type of local split control ap 
paratus designed for control by the present invention is 
disclosed in the above named patent application 742,160 
entitled Traffic Cycle Split Selector. 

Traffic Cycle Offset Control 

The operation of the offset control portion of the cir 
cuit is similar to that of the split control circuit described 
immediately above. When the master traffic controller 
M senses that an appreciable change has occurred in the 
ratio of inbound to outbound traffic volumes it may de 
mand a different traffic cycle offset than now in effect. 
ssume, for example, that the offset in effect was the one 

requiring neither of the offset control conductors 22.23 
to be energized, and the new offset is the one requiring 
conductor 22 to be energized. 
When the master controller M energizes conductor 

22, relay coil CR3-C is energized. Contacts CR3A 
transfer, and contacts CR3B and CR3C close. Con 
tacts CRSA supply a path for temporarily energizing 
timer motor Twhich rotates the camshaft and closes 
switch Si to provide a holding circuit. When switch 
S4 transfers it provides an energizing path for relay 
CR7. The path includes line L2, line 38, rectifier RD1, 
line 36, now-transferred switch S4, line 43, now-closed 
contacts CR3B, line 47, relay coil CR7-C, line 37, and 
line L. 
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During interval 2, the multiplying tone and the knock 
down tone are both permitted to reach the cathode foll 
lower CF and the output circuit CC. The circuit for the 
multiplying tone includes tone generator Ti, line 6, 
ilow-closed contacts CRM3, cathode follower CF, and 
output circuit CC. The path for the knockdown tone 
includes tone generator T4, Switch S8, line 58, cathode 
follower CF and output circuit CC. 
At the local tone responders R the knockdown tone 

energizes the unlatch coils of the offset control relays 
but this has no effect on them because they are already 
unlatched. 

Eduring interval 3 switch S9 closes but the output of 
tone generator T3 cannot reach the output circuit CC 
because relay contacts CR4C are open. 

Curing interval 4 switch S10 closes and permits the 
output of tone generator T2 to pass over line 68, through 
now-transferred contacts CRM2, now-closed contacts 
CR3C, cathode follower CF, and output circuit CC. 
At the tone responders R a latching type offset control 
relay is momentarily energized and latched in the on 
position applying power to the local offset control mech 
anism. Thus, the new offset is placed in effect. 

During the second half of the cycle timed by timer T 
no change is made in the split control relays. Whatever 
split control conductor 24, 25 was energized remains 
energized. If a change had occurred in the condition 
of one or both of the split control conductors 24, 25 
during the timing of timer T the change in split would 
have been delayed until timer T times through the dwell 
interval and into interval where switches S3-S6 are 
transferred. The transfer of switches S3-S6 is required 
to energize the silow release relays CR5 or CR6. Thus, 
a function change cannot be forgotten. 

Second Offset Control Circuit 
The operation of the second offset control circuit is 

similar. When the master controller M energizes con 
trol conductor 23, relay coil CR4-C is energized. Con 
tacts CR4A transfer and contacts CR4B and CR4C close. 
Contacts CR4A provide a temporary energizing path for 
tinner motor M. The timer T times into interval 1 and 
switch S closes to provide a motor holding circuit. 
Switches S3-S6 transfer. Switch S3 closes the energiz 
ing circuit to slow break relay coil CR8-C. The circuit 
includes line L2, line 38, rectifier RD1, switch S3, line 
44, contacts CR4B, line 48, relay coil CR3-C, line 37, 
and line Li. After one second switch S3 retransfers to 
establish a holding circuit. The holding circuit includes 
line L2, line 38, rectifier RDA, switch S3, line 54, now 
closed contacts CR&B, relay coil CR8-C, line 37, and 
line L. 
The sequence of tones transmitted when the second 

offset control conductor 23 is energized consists of a 
multiplying tone T1 during intervals 1 through 5, a knock 
down tone during interval 2, and the tone T3 during in 
terval 3. The path for the tone T3 signal includes tone 
generator T3, switch S9, line 59, now-transferred con 
tacts CRMs, now-closed contacts CR4C, cathode fol 
lower CF and output circuit CC. 
The presence of tone T3 in conjunction with the multi 

plying tone T1 at the local tone responders R causes 
the second local offset control relay to be energized into 
its on position and to energize local control con 
ductor 23. 

During the time between changes in traffic cycle split 
and offset the sequencing timer T rests in the dwell in 
terval with Switch S7 closed. This permits the syn 
chronizing tone from tone generator T5 to flow through 
Switch S7, line 22A, synchronizing contacts 29S, line 21, 
to the cathode follower CF and output circuit CC. Con 
tacts 23S are closed during the major portion of the 
traffic signal cycle, approximately 97 percent of the 
cycle. At the local controllers L the pulse is employed 
to retain the traffic cycle timing dials in step with the 
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master M. Ouring the transmission of traffic cycle split 
and offset control tones, the synchronizing tone is inter 
rupted to avoid having more than two function control 
tones transmitted simultaneously. 

it will be noted that once a function change has been 
completed, no additional tone sequencing is done until 
a new function change is demanded by the master con 
troller. However, if the system is operating with offset 
control conductor 22 energized, for example, and offset 
control conductor 23 is then energized, the first offset 
control reiay will be unlatched at the start of interval 
2 and reenergized and relatched at the start of interval 
4. If the system is operating with offset control con 
ductor 22 energized, for exampie, and split control con 
ductor 24 is then energized, the first offset control relay 
will be unlatched during interval 2 and reenergized and 
relatched during interval 4. The first split control relay 
will then be energized and latched during interval 9. 
In summary, each time a function change occurs, all 
the relays which were atched are unlatched, and the 
relays which are to be energized are subsequently en 
ergized. The local controllers do not lose step or mis 
control during the short interruption. 

Local Toile Responder 
Having described the operation of the automatic tone 

sequencer and the master controller, the operation of 
the local tone responders and local trafic signal coin 
trollers will now be described. 
One of the tone responders R is shown in diagram 

matic form in FIGURE 6. It consists of an input chan 
nel CC, an amplifier A3, a cathode follower CF3, a 
tone responsive relay TR3, a plurality of sensitive re 
lays CRA-CR5, a multiplying relay CR 56, four latch 
relays CR 7-CR29, and six output terminals 28-25". 
The function of the tone responder R is to receive 

a plurality of audio frequency signals from the master 
tone sequencer TS over interconnecting conductor CC 
or from the radio receiver XR and convert the signals 
for their various uses. The variable frequency signal 
for cycle length control is amplified in amplifier A3 and 
cathode follower CF3 and applied to output line 28'. 
The synchronizing tone is likewise amplified and applied 
to tone sensitive relay TR3. One contact on relay TR3 
energizes a sensitive relay which closes a contact and 
supplies local power out on line 25 during 97% of the 
traffic signal cycle. The intermittent function control 
tones are likewise converted to a steady local power 
output on the control conductors 22-25. 
As shown in FIGURE 2, when conductor 22 between 

the master controller M and the toire sequencer TS is 
energized by the master controller M, then conductor 
22 between the tone responder R and the local controller 
L is energized by the tone responder R. When power 
is placed on line 25 by the master controller M, then 
local power is placed on line 25 to the local controller 
L by the tone responder R. 
The circuit shown in FiGURE 6 will now be described 

in greater detail. Amplifier A3 is coupled to the inter 
connecting circuit CC through coupling capacitor C(i. 
which is of small size to reduce loading of the intercon 
necting circuit CC. The other side of capacitor C11 is 
connected to ground through variable resistor Rii. The 
center tap of resistor R is adjustable and provides proper 
grid voltage to the grid of amplifier tube V3. Resistor 
R2 is a grid resistor. Tube V3 is self biased through 
cathode resistor R3 and capacitor C2 which are con 
nected in parallel between the cathode of tube V3 and 
ground. A direct current potential is applied to the plate 
of tube V3 through plate resistor R4. it is supplied from 
line L2, rectifier SR3, capacitor Cí3 and line B--. 
As the voltage of the interconnecting circuit CC varies 

with the input signal, the voltage appearing at the grid 
of tube V3 also varies. The voltage fluctuations are aim 
plified by amplifier A3 and are applied to the grid of tube 
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V4 through coupling capacitor C14. Resistor R5 is a 
grid leak resistor. Tube V4 is connected as a cathode 
follower through cathode resistor R6. Direct current is 
applied to the plate of tube V4 from line B-- through 
inductance L. The voltage difference appearing across 
cathode resistor R6 is applied to the coil TR3-C of tone 
responsive relay TR3 through capacitor CS5. The LC 
circuit consisting of the inductance of coil TR3-C and 
the capacitance of C15 serve to sustain and augment the 
amplification of tubes V3 and V4. The value of capaci 
tor C5 is chosen so that resonance is not reached and 
the circuit does not oscillate. The variable frequency 
signal for cycle length control is taken off below in 
ductance L and applied to control conductor 23'. 
Tone responsive relay TR3 consists of a driving coil 

TR3-C and a group of vibrating reeds E-5 each cut 
elected frequency. 

When a reed vibrates with sufficient displacement it makes 
intermittent contact with a stationary contact and en 
ergizes a sensitive relay. Reeds 45-55 are cut to resonate 
at the frequency of tone generators T1-T5, respectively. 
A resistor RSS-R:5 is connected in Series with each 
Sensitive relay coil to limit the current through the reed 
contacts. Capacitors C6-C23 are each connected in 
parallel with sensitive relay coils CR1-CR15, respec 
tively, to sustain the current flow through each ccii dur 
ing the half cycles when the voltage of line B -- is inter 
rupted by the reed contacts. 

Sensitive relays CR11-CRA4 each have a pair of nor 
inally open contacts CR 5-4 to CR4- each of which 
control one or more additional relays. Contacts CR11 
control the multiplying relay CRié. In the unenergized 
position of multiplier relay contacts CR 6-3, contacts 
CRi2- control the first split control relay CR 8. In 
the energized position of multiplier relay contacts 
CR 6-3, contacts CRi2-2 control the first offset control 
relay CR23. 

in the unenergized position of multiplier relay contacts 
CRE6-2, contacts CR33-4 control the second split control 
relay CRS7. In the energized position of multiplier relay 
contacts CRii-2, contacts CR.3-3 control the Second 
offset control relay CR9. 

Contacts CR14-1, in the unenergized position of multi 
pier relay contacts CR 6-5, control the release coils 
CR17R, CR18R of split control relays CR17, CR18. 
In the energized position of multiplier relay contacts 
CRis-, contacts CR24- control the release coils 
CR19R, CR20R of offset control relays CR19, CR20. 

Each of the latching type relays CR17-CR20 control 
one of the split control or offset conductors 22-25' lead 
ing to the local controller L, FGURE 2, When the 
Iain coil of any of the latching type relays CR37-CR2) 
is energized it closes its load contacts CR 7- to CR28-, 
respectively, and completes a circuit between line L2 and 
control conductors 25'-22", respectively. The relay 
latches in and its load contacts remain closed after power 
is removed from the main coil. The release coil must 
be energized before the load contacts can be opened 
and the outgoing control circuit denergized. 

Operation of Tone Responder 

The operation of the tone responder is as follows: the 
variable frequency and one or two function control fre 
quencies may be applied to the grid of amplifier A3 over 
the incoming channel CC. The signals are amplified in 
amplifier A3 and in cathode follower CF3. The variable 
frequency signal is applied to control conductor 29 and 
the function control signals energize the coil TR3-C of 
tone responsive relay TR3. One or two of the reeds 
i:-5 will vibrate and close circuits to one or two sensi 
tive relays. The reeds which vibrate will correspond to 
the input frequencies. The sensitive relays which are 
energized will in turn energize one of the function con 
trol relays and the multiplying relay CRE6 if the multi 
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plying tone is present. The function change demanded 
by the master controller M is thus put into effect. 
To trace the first furiction change described in the 

Section explaining the automatic tone sequencer, assume, 
for exampie, that none of the split or offset control relays 
CR7-CR23 are latched and that none of the split 
or offset control conductors 22'-25' are energized. Thus, 
the traffic cycle split and offset which are in effect when 
none of the control conductors 22-25' are energized are 
now in effect. 
Assume now that the master controller senses that 

the ratio of traffic volumes on a grid of intersecting streets 
has changed sufficiently to call for a second traffic cycle 
split and that it has urged the automatic tone sequencer 
to transmit a portion of the tone sequence shown in FiG 
UREI 5. The sequence consists of the knockdown tone 
T4 and the tone T2 for the first split change. 

Each of the tone responders R receive the two tones in 
the sequence in which they were transmitted. The first 
tone Tai is amplified in amplifier A3 and cathode follower 
Cr3 and energizes coil TR3-C. Only reed 44 vibrates 
sufficiently to close the B-- circuit to sensitive relay 
CR 4. Contacts CR4- close and apply power from 
line L2, through contacts CRE6-i, to the release coils 
CR7R, CRE3R of latch relays CR 7, CRE3. The en 
ergization of release coils CR17R, CR18R has no effect 
on the output of relays CRE7, CRi8 because they are 
already unlatched. 
When the knockdown tone expires after a one second 

transmission, reed 14 stops vibrating, relay CR4 loses 
its source of power, contacts CR4-i open, and release 
coils CR17R, CR58R are deenergized. 
When the second tone T2 is applied to the amplifier A3 

and cathode follower CF3 it energizes tone coil TR3–C 
at a frequency for which reed 12 is cut. Reed 2 vibrates 
sufficiently to close the B-- circuit to sensitive relay 
CR12. Contacts CR2-5 close and feed power from 
line L2, through contacts CR2-1, through contacts 
CR16-3 to the latch coil. CRE3C of relay CR8. Relay 
CR18 becomes energized and closes contacts CR18-1. 
Contacts CRi8-1 allow power to flow from line L2, 
through contacts CR18-1, through control line 24', to 
the split control circuit in the local controller L. In the 
local controller L the split control relay connected to 
incoming line 24' is energized to make effective the new 
split selection. The split control relays in each local con 
troller may be arranged to provide a first traffic cycle 
split when neither relay is energized, to provide a second 
split when the first relay is energized, to provide a third 
split when the second relay is energized, and to provide 
a fourth split when both split control relays are energized. 
An example of this type of mechanism is shown in patent 
application 742,160 named above. 

If the master controller M senses a change in the ratio 
of traffic volumes and demands the traffic cycle split which 
Was first in effect, it deemergizes line 24' to the automatic 
tone sequencer TS. This sets the sequence timer T in 
motion in the manner described in the section entitled 
"Operation.” During intervals 1 through 5 of the cam 
chart shown in FIGURE 5 the multiplying tone T1 is 
transmitted and in intervals 2 and 7 the knockdown tone 
T4 is transmitted. The multiplying tone Ti and the 
knockdown tone T4 transmitted during interval 2 have 
no effect because neither of the offset control relays CR19, 
CR20 is latched in. The knockdown tone T4 transmitted 
in interval 7 is effective to unlatch the split control relay 
CR18, and conductor 24 to the local controller L is 
thus deemergized. The traffic cycle split at the local con 
troller L reverts to that in effect when neither of the split 
control conductors 24, 25' is energized. 
The change in traffic cycle offset from one offset to 

another is similar to the change in traffic cycle split de 
Scribed above. The exception is that the multiplying tone 
T is present to distinguish the change in offset from a 
change in split. 
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Assume, for example, that neither of the offset con 

trol conductors 22", 23' is energized and there is a change 
in the ratio of inbound to outbound traffic volumes. The 
master controller M may energize offset control conduc 
tor 22' to the tone sequencer TS. The sequence timer 
T is started through a cycle of operation and during inter 
vals through 5 transmits tones T1, T4, and T2 shown 
in the camshaft diagram in FIGURE 5. 
At each of the local tone responders R the tones are 

amplified and passed to the tone coil TR3-C of the tone 
responsive relay TR3. The presence of tones T1 and T4 
in combination energizes the release coils CR19R, CR20R 
of offset control relays CR19, CR20. Tone T1 causes 
reed 11 to vibrate sufficiently to intermittently complete 
the B-- circuit to sensitive relay CR11. Contacts CR11-1 
close and apply power from line L2, through contacts 
CRii-, to energize the multiplying relay CR16. Con 
tacts CRi6-1, -2, and -3 transfer. Tone T4 causes reed 
14 to vibrate sufficiently to intermittently complete the 
B-- circuit to sensitive relay CR14. Contacts CR4-1. 
close and apply power from line L2, through contacts 
CR4-1, through now-transferred contacts CR16-i, to 
the release coils CR19R, CR20R of the offset control re 
lays CR19, CR20. Since both relays are already un 
latched, this has no effect on the offset control conductors 
22, 23. 

During interval 3 only the multiplying tone T is re 
ceived and relay CR5 remains energized. During in 
terval. 4, signals from tone generators T1 and T2 are 
received through interconnecting circuit CC. The signal 
is amplified in amplifier A3 and cathode follower CF3 
and applied to the tone coil TR3-C of tone responsive 
relay TiR3. Reeds R11, R12 vibrate sufficiently to inter 
mittently close the B-- circuit to sensitive relays CR11, 
CR2. Thus, relay CR11 remains energized and relay 
CR2 pulls in. Contacts CR-i maintain the L2 cir 
cuit to the multiplying relay CRió and contacts CR12-1 
close the circuit to the offset control relay CR20. The 
circuit includes line L2, now-closed contacts CR12-1, 
now-transferred contacts CR16-3, and relay coil CR20C. 
Contacts CR26-1 close and apply L2 power to offset con 
trol line 22' connected to the local controller L. The 
traffic cycle offset in effect when line 22' is energized is 
now placed in effect. 
The local controller L starts to put the new traffic cycle 

offset into effect immediately but may require one or more 
trafic signal cycles before the full offset is complete. An 
example of the local offset control apparatus is disclosed 
in patent application 768, 193 named above. 

Synchronizing Current 
A Synchronizing tone is permitted to flow to the cathode 

follower CF and the output circuit CC from tone gen 
erator TS through synchronizing switch 29S, FIGURE 4. 
Switch 29S is controlled by cam 29 which is driven by 
the master controller M to make one revolution during 
each traffic signal cycle. Switch 29S is closed for ap 
proximately 97% of each traffic signal cycle and thus 
provides a synchronizing tone during most of each cycle. 
The tone is interrupted for a short interval in each traffic 
signal cycle to permit any local controller which had been 
out of step with the master controller to start at the prop 
er time in the cycie. 
The synchronizing tone is received at each local tone 

responder R shown in FIGURE 6 over interconnecting 
circuit CC or from the radio receiver XR. The signal 
is amplified in amplifier A3 and cathode follower CF3 
and passed to the tone coil TR3–C. Reed 15 vibrates 
sufficiently to intermittently close the circuit from the 
B-- line and to energize sensitive relay CR15. Contacts 
CRi5-1 close and supply steady power from line L2, 
through line 21B, through now-closed contacts CR15-1, 
to control line 21. Line 21 connects to the local con 
troller L and Supplies power to potentially energize a 
Telay and interrupt power to the traffic cycle timing motor 
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if it gets out of step with the master M. The timing motor 
and Telay are not shown here but are shown in patent ap 
plication 642,469 named above. 
The Synchronizing tone is interrupted for approxi 

nately 3 percent of each traffic signal cycie. During the 
interruption relay CRS is deemergized and contacts 
CR 5-i open. Control line 2A is deemergized and tie 
Synchronizing relay within local controller L is deemer. 
gized. A Synchronizing switch within the local controller 
L will close during the interruption if the local control 
er is synchronized with the laster. Since the syl 
chronizing line 2:1 is deenergized during this time, the 
closure of the Synchronizing switch is ineffective to ener 
gize the relay and interrupt power to the timing motor. 

if the local controller is out of step with the master, 
the Synchronizing switch will close while line 25 is ener 
gized and the relay will be energized and interrupt power 
to the timing motor. The motor will not start until ine 
2 is deemergized. Deenergization cf line 2g, will de 
energize the relay and permit it to close its contacts and 
reenergize the tinning motor. The local controller and 
the master will then start out in step. 
The Synchronizing tone is discontinued when any of 

the split or offset control or release functions are being 
transmitted. This is done to limit the number of tones 
being transmitted at any time and is accomplished by the 
sequencing timer T, FIGURE 4. Cam C7 opens switch 
S7 almost immediately after the timer starts operating. 
This breaks the circuit between tone generator is and 
the cathode follower CF and insures that the synchroniz 
ing tone will not be transmitted with the function con 
trol tones. Nothing injurious would occur if the syn 
chronizing tone were transmitted with the function con 
trol tones but the amplifier A3 in each tone responder 
R does not have the capacity required to provide suffi 
cient voltage to operate the tone coil TR3-C at three 
frequencies simultaneously. 
The synchronizing tone is transmitted only for a time 

after each start up of the traffic control system or after 
power is restored following a power failure. The tone 
may also be transmitted at intervals throughout the day 
to ensure that all local controllers are in step with the 
aSte. 
Representative frequencies employed for the various 

tOes are: 

Tone Frequency, cycles per second 
T ----------------------------------- 200 
T2 ----------------------------------- 2886 
T ----------------------------------- 326.0 
T ----------------------------------- 255.4 
T ----------------------------------- 226.0 

The variable frequency applied to line 28) is a 2,220 
c.p.s. signal amplitude modulated with the cycle dura 
tion determining frequency which is variable in incre 
ments between 30 c.p.s. and 90 c.p.s. 
The invention has been described in terms of the ap 

paratus disclosed. This is done by way of explanation 
and not by way of initation. One skilled in the art 
may nake many changes in the arrangement of the ap 
paratus and in the apparatus itself without departing 
from the spirit of the invention as set forth in the ap 
pended claims. 
We caim: 
1. A tone Sequence timing and switching circuit com 

prising a plurality of function control conductors ener 
gizable into a number of control combinations, a like 
plurality of function control relays connected to said 
function control conductors, a like plurality of slow break 
relays each having an electric latch circuit and an electric 
unlatch circuit, a sequence timer having a plurality of 
tinned control channels and a drive motor, a motor start 
ing circuit including contacts closed when one of said 
function control relays is energized and including other 
contacts interrupted when a corresponding one of said 
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slow break relays is energized, each of said electric 
latch and natch circuits including one of said timed 
control channels, and an output circuit including an out 
put terminal, a plurality of tone generators, a plurality 
of normally open parallel paths between said output ter. 
minal and said tone generators, each said path including 
one of Said timed control channels and at least one other 
contact controlled by said function control relays. 

2. Ali ailtomatic tone sequencing device including a 
plurality of audio signal generators, a timer having a 
plurality of time controlled channels and driving means 
therefor, a timer starting circuit comprising a plurality 
of parallel paths in series with a source of power, a timer 
running circuit including one of said time controlled 
channels in series with said source of power, a plurality 
of function control relays each having at least three 
ets of control contacts, a like plurality of slow break 

relays each having an energizing circuit and a holding 
circuit, each of said energizing circuits including one of 
Said time controlled channels and a first set of said con 
trol contacts closed when one of said control relays 
is energized, each said slow break relay having a set of 
holding contacts and a set of timer starting circuit inter 
rupter contacts, an output circuit, a plurality of audio 
signal circuits each including said output circuit and one 
f Said audio signal generaiors and one of said time 

controlled channels and one of the second set of said 
control contacts, and said parallel paths in said timer 
starting circuit each including the tiird set of Said con 
trol contacts and a sit of said tier starting circuit inter 
rupter contacts. 

3. For use with a master controller having function 
control cuput circuits energizable into a plurality of 
function control combinations, an automatic tone se 
quencing device including a plurality of control relays 
each One connected to one of the function control circuits 
and energizable therefrom, a like plurality of slow break 
relays, a plurality of time controlled transfer switches, 
circuit neans including one of said trainsfer switches and 
contacts on one of said control relays connected to ener 
gize One of said slow break relays after its corresponding 
control relay is energized and its corresponding transfer 
Switch is transferred, a like plurality of motor starter 
circuits each including contacts on said control relays 
closed when the corresponding control relay is energized, 
a like plurality of starter circuit interrupter contacts on 
Said slow break relays connected to open said motor 
starter circuit when said slow break relays are energized, 
a motor holding circuit including one of said time con 
trolled transfer switches closed after said notor is started, 
a plurality of audio frequency signal generators, an out 
put circuit and a plurality of output paths each includ 
ing one of Said signal generators and one of said time 
controlled transfer Switches and one other of said con 
tacts controlled by said control relays. 

4. A device as in claim 3 including a doubling relay 
connected to be energized through one of said time con 
trolled transfer switches during a portion of each Se 
quence timed by said sequencing device, one other signal 
generator and one other output path including a pair of 
normally open contacts connected to apply the output 
of Said signal generator to said output circuit, and a plu 
rality of transfer contacts in said output paths trans 
ferred when said doubling relay is energized to thereby 
half the number of signal generators required to con 
trol a given number of functions with said device. 

5. An automatic tone timing and sequencing circuit 
started into a cycle of operation each time a control 
condition changes, a plurality of function control coin 
ductors remotely energizable and deemergizable into a 
plurality of control combinations, a plurality of function 
control relays individually connected to said function 
control conductors, a plurality of slow break relays each 
having a latch circuit and an unlatch circuit, a sequence 
tinner having a plurality of timed control channels and 
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timer drive motor, a drive motor starter circuit, switch 
means connected to complete said starter circuit when 
one of said function control relays is energized, switch 
means to interrupt said starter circuit after the corre 
sponding slow break relay is energized, circuit means 
through one of said timed control channels to retain 
said drive means energized for a cycle of operation, each 
said latch circuit including contacts on its corresponding 
control relay closed when said control relay is ener 
gized and including one of said timed control channels 
closed momentarily at the start of each cycle of opera 
tion, each said unlatch circuit including contacts on said 
latch relay closed when said latch relay is energized and 
including back contacts on its corresponding time con 
trolled channel opened momentarily at the start of each 
cycle, an output circuit, a plurality of tone generators, 
a plurality of output paths connected to said output cir 
cuit, one of said output paths including one of said tone 
generators and one of said timed control channels clos 
able during half of said cycle, another of said output 
paths including another of said tone generators and an 
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other of said timed control channels closable early dur 
ing each half of each cycle, the remainder of said out 
put paths each including contact means closed when its 
corresponding function control relay is energized and 
including time controlled channels and transfer contact 
means adapted to connect the remaining tone generators 
sequentially to half of said output paths during half of 
said cycle and sequentially to the other half of said output 
paths during the other half of said cycle. 
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