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UNITED STATES PATENT OFFICE 
CENTRALIZED. TRAFFIC CONTROLLENG 

SYSTEM FOR RALROADS. 
William D. Hailes, Brighton, and Frederick W. 

Brixner, Gates, N.Y., assignors to General Rail 
way Signal Company, Rochester, N.Y. 
Application May 11, 1942, Serial No. 442,508 

w (C. 177-353). 17 Claims. 
This invention relates to the communication. 

part of a centralized traffic controlling system 
used for governing traffic, on railroads, and more 
particularly pertains to a communication sys 
tem of the carrier current coded:type. - 
In a centralized traffic control System for rail 

roads, often conveniently termed C. F. C. sys 
term, the Switches, and signals at varios: points . 
along the railroad are placed under the control, 
of an operator in a central office so that he may 
change the position of the switches, subject to 
automatic approach and detector locking circuits. 
which prevent unsafe operation; ôf any: switch, 
and may hold at stop any of the signals or allow, 
them to clear dependent upon the position of 
their associated switches and in accordance with 
traffic conditions. Also, such a system provides 
in eans whereby indications are displayed in the 
control office to, inform the operator of the loca 
tion of trains on the various track sections 
throughout the territory under his supervision, 
and to indicate the position and condition of the 
various Switches, and signals. 
Those switches and signals which are located 

adjacent each other comprise what is, con 
veniently termed a field station, and a communit 
cation system is then provided to interconnect 
the central control office with the several field. 
stations for the transmission of controls to the 
field stations, and for the reception of indica 
tions from the field stations. 

In accordance with the present invention, it 
is proposed that the communication system be 
of that type which is adapted to transmit, its 
controls and indicationas over a single line circuit, 
that may already carry the transmission of teles 
graph signals, telephone conversation and selec 
tive telephone ringing impulses. The communi 
cation System is also adapted to transmit its con 
trols and indications over a pair of Wires, used 
for commercial alternating current distribution. 
This is accomplished in accordance with the 
present invention by superimposing a distinctive 

10, 

5. 

terators. 

on the line circuit, it is to be understood that the 
invention may just as well be used in connection 
With a line circuit free from all other types of 
Services, 
The field stations. must, of course, be able to. 

transmit indications to the control office, and in 
accordalace with the present invention these field 
stations are also provided with frequency, gen 

Each station is then provided with 
means for superimposing a distinctive series of 
code impulses of alternating current on the line. 
circuit for its own selection and also for its regis 
tration, in the control office as well as for the: 
transmission of its indications after it has been 
selected and registered. For the purpose of the 
present disclosure, the frequency generators at 
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start impulse from the field is of relatively short 
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series of code impulses of alternating current of 
selected frequencies on the line circuit at the 
control office for the selection of any desired field, 
station and the transmission of controls to that 
field station. Although the system of the present 
invention accomplishes this by the manner in 
which the apparatus at the control office and 
field stations is inductively coupled to the line 
circuit and also by reason of the use of the proper 
frequencies which may be superimposed upon the 
line circuit without interfering with the trans 

50 

the field stations are: a SSumed to produce the 
same frequencies as the frequency, generators at 
the control office, and the description is based on 
this. organization. But it is to be, understood 
that, different frequencies might be employed at 
the field stations, (aSSunning, of course, proper 
receiving apparatus is employed at the control 
office) and Still come. Within the scope of the 
present invention, . 
When a, station is ready to transmit indica 

tions to the control office, it applies an initiating. 
or starting impulse of alternating current of a 
particular frequency to the line circuit which 
initiating impulse prevents all other stations, not 
ready to begin at that instant from thereafter 
interfering with the Series of impulses which 
that station is about te transmit. Although, 

duration, the control office apparatus imme diately responds by placing conditioning impulse 
current of the same frequency on the line cir- . 
cuit, which current is maintained by the office 
for the time required to condition the office and 
all field stations for an indication cycle of 
operation. - 

After the conditioning period, that station 
whichis ready to transmit indications to the con 
trol office, applies to the line circuit a series of 
code impulses of alternating current, each im 
pulse being of a selected frequency, and which 
series of impulses forms a code characteristic of 
that station and includes impulses characteristic 
of the indications for that station. When the 
field station applies an impulse of any series 
to the line circuit, such impulse is received at 
the control office and an impulse of the same 
characteristic frequency is contemporaneously 
applied to the line circuit at the control office. 

mission of the other services already employed 55 After a very short interval of time, the field sta 

  

  



2 
tion impulse ceases, but the control office applied 
persists or continues for a certain additional time 
during which it is effectively received at all field 
stations and forms what may be conveniently 
termed a “test period.' This is done on each 
succeeding impulse belonging to the Station 
selection impulses until that station has been 
Selected. 
When a plurality of field stations are ready to 

transmit indications at the same time, each sta 
tion applies impulses to the line circuit during 
the station selecting portion of the cycle in ac 
cordance with its station code until it no longer 
has a chance of being selected. At the control 
office, means is provided in accordance with the 
present invention whereby one frequency has 
superiority or preference over the other, so that 
those stations which apply an impulse of this 
superior frequency to the line circuit have an 
impulse of this superior frequency returned to 
them by the control office. While the others do 
not have their inferior frequency returned to 
them. Thus, those stations applying or calling 
for the superior frequency on any given impulse 
have their station selecting means conditioned, 
while those stations which apply or call for the 
inferior frequency drop out and cease transmis 
sion until Some Subsequent cycle of Operation. 
This automatic selection by giving One of the 
frequencies a relative superiority continues 
throughout those impulses of the series required 
for station selection and registration until only 
one station remains on the line circuit which 
station then proceeds to transmit impulses chair 
acteristic of its indications. 4. 

In brief, the station selection for the trans 
mission of indications is a CCOmplished. On a COde 
superiority basis with the relative superiority be 
tween the different code elements being selec 
tively determined at the control office. This prin 
ciple of Selection is employed SO as to increase 
the integrity or reliability of Such a System, and 
particularly for the purpose of Solving Certain 
problems inherent in a system employing differ 
ent frequencies superimposed on a line circuit. 
For example, if the system were of the type where 
it is necessary that an inferior field station re 
ceive the superior frequency as transmitted from 
the superior field station, it is entirely possible 
that the inferior field station might fail to detect 
the presence of the Superior frequency because of 
phase cancellation due to conflict between the 
transmitters of two Superior field Stations. Under 
such conditions, the inferior station which failed 
to receive the superior frequency Would not be 
cancelled or drop out, and would continue to 
transmit although its code might be inferior to 
the codes transmitted from the other two sta 
tions and which Would thus cause erroneouS indi 
cations to be registered in the control office. This 
particular problem is solved by the present inven 
tion inasmuch as the field stations can always 
“hear' the control office, so to speak, although 
they may not always be able to "hear' each 
other. 

. In other words, the retransmission of each in 
pulse from the control office in response to a 
corresponding impulse received from the field 
stations, makes it possible to organize a system 
in which the problem of phase cancellation is 
avoided by providing a short interval of time near 
the close of eachimpulse of the code during which 
the control office transmitter is the only trans 
mitter on the line circuit, together with a field 
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station selecting equipment which requires that 
the retransmitted impulse must be received by 
the field station during this short interval of 
time at the close of such impulse (conveniently 
termed “test period') in order for that station 
to be selected. 
Another object of the present invention is to 

provide a coded type system which will mini 
mize the effects of the cross-fire between the 
different frequencies on the line responsive relay 

In a carrier current type of communi 
cation system, filters and amplifiers must be pro 
vided to respond to certain frequency bands, but, 
with these frequencies reasonably close together, 
the application of one frequency may cause a 
transient condition, which simulates the other 
frequency thereby interfering with the line re 
sponsive relay means for Such other frequency. 
The present invention minimizes this possibility 
by providing suitable selecting circuits which 
need function only during test periods when the 
control office transmitter is the only transmitter 
on the line and transients have Subsided. 

In a system of this character, it is necessary 
to have the transmitters and receivers at the 
field stations set with the proper gains to insure 
that each field station will transmit at an energy 
level sufficiently high to be received at the Control 
office and to insure that the impulses transmitted 
by the control office will be properly received at 
the field stations. For example, this means that 
a distant field Station receiver must be set at a 
high gain in order to properly receive the im 
pulses transmitted from the control office at the 
other end of the line, and it also means that the 
output energy level of the transmitter at such 
distant field station must be high in order to be 
received by the control office. This combination 
of a receiver of high gain at the same or an ad 
joining location. With a transmitter of a high out 
put level increases the tendency of one frequency 
to cross-fire into the other frequency at that re 
ceiver. This source of potential difficulty due to 
cross-fire between frequencies, is overcome by the 
feature of the present invention employing re 
transmission of each impulse by the control office, 
the latter part of which forms a “test period' 
during Which the control office transmitter is the 
only transmitter on the line circuit, because it is 
obvious that with but a single frequency on the 
line circuit, there is no possibility of cross-fire 
conditions. 
Another advantage of a System organized in 

accordance With this invention is the manner in 
which the output levels of field transmitters may 
be adjusted in accordance with their geographic 
relationship to the control office so that code im 
pulses received from the various field stations are 
received with Substantially the same intensity or 
energy level at the control office. This is par 
ticularly advantageous when it is remembered 
that the control office receiver must be adjusted 
with sufficient amplifying gain to properly re 
Ceive implulses transmitted from the most distant 
field location of the system as well as from those 

70. 
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field stations very close to the control office. If, 
however, as might be required in another or differ 
ent organization of a system, each transmitter 
had to be adjusted to transmit at a sufficiently 
high energy level to be received at all field loca 
tions as well as at the control office, there would 
be present a problem of cross-fire at the control 
office tending to cause an erroneous registration 
of the frequency characteristic of any impulse 
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since the control office receiver must be set at such 
again as to most profitably receive the most dis 
tant transmitter on the line. circuit. However, 
by employing the feature of retransmission in a 
Systern Organized in accordance With the present 
invention, this difficulty from cross-fire at the 
control office is eliminated without additional 
cost and complication. 
Another object of the present invention is to 

provide a system in which a field station is retired 

3. 
cations, and is arranged so that if there is a 
group of field stations ready to transmit at the 
same time, each of these stations has an oppor 

O 

(or fails to be selected) when it has a defective 
transmitter or receiver. Such transmitter or re 
ceiver might be defective as a result of a broken 
wire, a burned-out vacuum tube, or the like. 
Another, object of the present invention is to 

provide a code type communication system which 
is operative with various different types of gen 
erators and code receivers. For example, it is 
possible to have generators at each of the field 
stations which do not lock into Synchronism with 
the generators of other field stations when all are 
endeavoring to transmit at the same time. On 
the other hand, the generators can be of the Self 
synchronizing or locking-in type so that if two 
field stations start transmission at the same time 
these generators will operate in phase for each 
of the impulses transmitted from such stations. 
Each of these arrangements of generators pro 
vides distinctive problems and characteristics in 
connection with the line circuits, but the object 
of the present invention is to provide local con 
trol circuits for the control office and the field 
stations which will be operative with either ar 
rangement. . 
Another object of this invention is to provide a 

simplex type of communication system, that is, 
a system in which only controls or indications 
can be transmitted on any particular cycle of Op 
eration even though the control office and field 
stations have separate sources of energy and can 
initiate a cycle of operation at anytime while the 
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system is at rest. This feature is accomplished 
by arranging that the initiating or conditioning 
impulse applied at the control office, as above 
mentioned, is of one frequency if a control office 
start occurs to initiate a cycle of operation for 
the transmission of controls, but such initiating 
or conditioning impulse is of a different fre 
quency if a field station initiates a cycle of Oper 
ation for the transmission of indications. At the 
end of a cycle of operation, the control office 
applies a permission impulse on the line which 
is of the same frequency as applied for a field 
station start impulse, and this permission im 
pulse places the field station in condition to in 
itiate an indication cycle of operation, but when 
the control office has new controls to transmit 
to a field station, this permission impulse is not 
applied to the line by the control office, so that 
the following cycle of operation is for the trans 
mission of controls. The field stations, although 
ready to transmit, cannot effect a field station 
start until the control office has completed the 
transmission of the new controls and places the 
temporary permission impulse on the line. 
Another object of the invention is to provide 

a system in which the indication cycles will be 
distributed between the different field stations 
having indications to transmit so that if any 
particular station has a large number of indi 
cations to transmit because of frequent changes 
in indication conditions at that station it can 
not dominate the system. In other words, the: 
system provides what is conveniently termed 
cycle distribution for the transmission of indi 
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tunity to transmit only one cycle of operation un 
til all of the stations in that group have trans 
mitted. At the end of the transmission of the 
successive cycles of operation by this group of 
stations, a prolonged period of rest occurs during 
which all stations then having indications ready 
to transmit form another group, so as to speak, 
and indications are then transmitted on succes 
sive cycles of operation from such another group 
of stations. 
Other objects, purposes, and characteristic fea 

tures of the present invention Will be in part 
obvious from the accompanying drawings and in 
part pointed out as the description of the in 
Vention progreSSeS. 

In describing the invention in detail, reference. 
will be made to the accompanying drawings, in 
which those parts having similar features and 
functions are designated throughout the several 
figures by like letter reference characters which 
are generally, made distinctive either by reason 
of preceding numerals representative of their lo 
cation or by reason. Of Succeeding numerals or 
exponents representative of the order of their 
operation, and in which- . . . . 

Fig. i. illustrates in a diagrammatic manner. 
the relationship of the C. T. C. system of the 
present invention to the various other services . 
which may be associated with a line circuit upon 
which the system of the present invention may 
be superimposed; 

Figs. 2A and 2B when placed end to end illus-, 
trate diagrammatically the line circuit arrange 
ment of the present invention when applied to a 
line circuit having no other services thereon as 
well as showing the interconnections between the 
line circuit and the control apparatus in the con 
trol office and at a typical one of the field sta 
tions; 

Figs. 3A and 3B; when placed side by side ill 
lustrate the apparatus and circuit arrangement 
employed at the control office; 

Figs. 4A and 4B when placed side by side illus 
trate the apparatus and circuits employed at a 
typical field station arranged and controlled in 
accordance with the present invention; and 

FigS. 5A, 5B, 5C, and 5D illustrate typical 
charts of operation to indicate typical sequences 
of operation during various typical operations. 
In order to simplify the disclosure, reference, 

Will be made from time to time to functions com 
mon to Several devices by use of their common 
letter reference characters without the distin 
guishing numerals. It is to be understood, how. 
ever, that such a reference applies to any parts 
designated in the drawings by those letter ref 
erence characters. , , , 

For the purpose of simplifying the illustration 
and facilitating in the explanation, the various 
parts and circuits constituting the embodiment. 
of the invention have been shown diagrammati 
cally and certain conventional illustrations, have 
been employed, the drawings have been made 
more with the purpose of facilitating the disclos 
ure as to the principles and mode of operation 
than with the idea ofillustrating the specific con 
struction and arrangement of parts that would 
be employed in practice. Thus, the various relays 
and their contacts are illustrated in a conven 
tional manner, and symbols are used to indicate 
the connections to the terminals of batteries or 
other sources of electric current instead of bring 

  



4. 
ing all of the wiring connections to those termi 
nals. - - - - 

The Symbols (--) and (-) are employed to in 
dicate the positive and negative terminals respec 
tively of Suitable batteries or other Sources of di-- 
rect current; and the circuits with which these 
symbols are used always have current flowing in 
the same direction. The symbols (B-) and 
(B-) indicate connections to the opposite termi 
nals of a suitable battery or other direct current 
Source Which has a central tap or intermediate 
tap designated (CN) ; and the circuits with which 
these Symbols are used may have current flowing 
in One direction or the other depending upon the 
particular terminal used in combination. With the 
intermediate tap (CN). When alternating cur 
rent is used in place of direct current, the partic 
ular symbols employed should be considered to 
represent the relative instantaneous polarities. 

GENERAL ORGANIZATION 
C. T. C. SYSTEM SUPERIMPOSED ON LINE CIRCUIT 

HAVING OTHER SERVICES 

With reference to Fig. 1 of the accompanying 
drawings, a line circuit having line Wires i) and 

is shown extending between two repeat coils 
f6 and T. Connected across the line wires of this 
line circuit is a dispatcher's telephone equipment 
and various Way station telephone equipmentS 
with each such equipment connected to the line 
wires 0 and through low-pass filters. Asso 
ciated with each of the way station telephone 
equipments is a suitable telephone selector of any 
well known type connected directly across the 
line wires 9 and through its respective low 
pass filter. 
One purpose of the repeat coil f6 is to provide 

for the repeating of the impulses of the selective 
telephone ringing equipment into the line circuit, 
and also provide means of terminating the tele 
graph line circuit. Similarly, one purpose of the 
repeat coil is to terminate the telegraph line. 
circuit and Still permit the telephone frequencies 
and the frequencies of the centralized traffic con 
trolling communication system to be repeated in 
the usual way. If the centralized traffic control 
is to be terminated at this point, it is to be un 
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that is required. The control office equipment 
and the field Station equipment for the Cen 
tralized traffic controlling (C. T. C.) system are 
connected in multiple across the line circuit 
through suitable coupling units and filters which, 
are designed to pass only the frequencies desired 
for the operation of the C. T. C. System, whereas 
the low-pass filters for the telephone equipment 
are arranged to pass only the frequencies required 
for voice transmission, namely 200 to 2500 cycles. 
For the purpose of the present disclosure, the fre 

' quencies selected for the C. T. C. system are 3300 

is 

35 
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derstood that suitable termination impedances 
must be associated with or incorporated into the 
coil 7. 
of course, have nothing to do with the present in 
vention and should be accomplished in the usual 
well known manner. 
The control office selective ringing equipment 

effects the transmission of impulses over the line 
circuit at the rate of about 3% cycles per second 
in a manner to form different number codes. The 
telephone Selector for each station is responsive 
to Only the Code assigned to its telephone station. 
When a telephone station is selected, its bell is 
caused to ring until a stop ringing pulse is trans 
mitted by the selective telephone ringing equip 
ment. The operator at the telephone called Will 
then communicate with the dispatcher by voice. 
It may be noted that the dispatcher is always 
listening and will hear any telephone without be 
ing called by ringing. If someone at one tele- : 
phone station desires to communicate with some 
one at another telephone station, he merely asks 
the dispatcher to call such another telephone sta 
tion. 

It is, of course, understood that the telephone 
voice frequencies may have a very wide range, but 
for all practical voice conversations a range of 
frequencies between 200 and 2500 cycles is all 

The features of proper line termination, 50 
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and 3500 cycles respectively designated through 
out the specification and drawings as frequencies 
f1 and f. It is understood, of course, that other 
suitable frequencies might just as well be selected 
just so long as they do not interfere with other 
services already on the line circuit, such, for ex 
ample, as the telephone voice frequencies. 
In systems of this character where various fre 

quencies are to be imposed upon the line circuit, 
it is desirable to properly terminate the line cir 
cuits so as to prevent the reflection of the alter 
nating currents when they reach the end of the 
line. For example, assuming that the line circuits 
are improperly terminated, the application of an 
alternating current potential at one end of the 
line circuit results in the rotation of the vector or 
phase relationship in one direction as this po 
tential is taken from the line circuit at Succes 
sive points away from the control office, and With 
the line circuit improperly terminated, such al 
ternating current potential is reflected by the im 
proper condition at the end of the line so as to 
produce potentials which in effect originate at 
Such end of the line and which flow to Ward the 
original, end of the line with the phase relation 
ship rotating in an opposite direction. This pro 
duces nodes and anti-nodes at various points 
along the line circuit. Thus, if a. C. T. C. field 
Station equipment Were located at a point along 
the line circuit at which a node occurs in this im 
properly terminated line circuit, such field sta 
tion would not receive signalling current. 

However, such undesired “end of line reflec 
tions' would not occur if the line circuit were of 
an infinite length or were properly terminated by 
the placing of impedances across the ends of the 
line equal to the natural surge impedance of such 
line circuit. Thus, it is desirable that suitable 
terminal impedances be placed at the ends of the 
line circuit used for the C. T. C. System. With 
reference to Fig. 1, the repeat coil 6 could be 
designed to include such impedance, or could 
have associated therewith such a terminal im 
pedance. Similarly, if the C. T. C. system ended 
at the repeat coil 7, then it could also have such 
a terminal impedance associated therewith. Re 
gardless of the particular combination of C. T. C. 
System and other services, the line circuit must 
be properly terminated with respect to the C.T. C. 
portion of the line circuit. 

C. T. C. SYSTEM ALONE oN LINE CIRCUIT 
In Figs. 2A and 2B, a line circuit having live 

wires 2 and 3 is shown for a C.T. C. system 
provided in accordance with the present inven 
tion in which there are no other services on the 
line circuit. These line wires 2 and 3 pro 
vide a line circuit which, of course, must have 
similar characteristics, as the one disclosed in 
connection with Fig. 1, that is, it must be prop 
erly terminated so as to prevent reflection from . 
the ends of the line. Thus, terminating imped 
ances 8 and 9 are provided at the opposite ends 
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of the line to properly terminate the line circuits 
each having an impedance equal to the natural 
surge impedance of an infinitely long line hav 
ing the same characteristics as the line wires 2 
and 3. 

It is to be understood that the same C.T. C. 
apparatus is employed with the line circuit of 
Fig. 1 as is employed with the line circuit of 
Figs. 2A and 2B. These different combinations 
are shown for the purpose of disclosing the gen 
eral application of the present invention. In 
this connection, it should be noted that the pres 
ent invention can also be applied to a Commer 
cial power distribution system providing, alter 
nating current of the usual 60 cycle type. Such 
an application of the present invention is par 
ticularly advantageous in view of the usual or 
ganization of signalling systems for...railroads in 
Which the field locations are provided With Stor 
age batteries having a 60 cycle alternating, cur 
rent trickle charge apparatus associated there 
with. Thus, the system of the present inven 
tion could be applied to such a railroad signal 
ling system without the installation of added line 
wires. When the System is . Superimposed on a 
power network or line circuit, it is necessary to 
provide blocking in pedances at power connec 
tions to such line circuit in order to prevent the 
escape or attenuation of the carrier frequencies. 
Also, the ends of such power line circuit would, 
of course, necessarily have to be provided with 
terminating impedances in the usual way. 

In Figs. 2A and 2B, the line circuit is shown 
as having a control office at one end and sev 
eral field Stations spaced at intervals along the 
line circuit toward the other end, but it is to be 
Inderstood that the system might be arranged 
to have the control office at . Some intermediate 
point with respect to the field stations. 
Each field station equipment as well as the 

control office equipment is connected to the line 
wires 2 and 3 through condensers 20 and 2 
which have a suitable insulation strength to pro 
tect the C. T. C. equipment from high voltages, 
Each field station and the control office in 

cludes code transmitting and receiving appara 
tus. This transmitting, apparatus for the con 
trol office or any field station comprises selector 
apparatus, frequency generating apparatus and 
the filters required to impress the potential on the 
line circuit; while the receiving apparatus com 
prises filters and amplifiers for receiving im 
pulses over the line circuit and directing the im 
pulses of the different frequencies to the proper 
line relay responsive means which in turn act 
upon the selector apparatus. 
The transmitting apparatus for the control 

office and any field station has two frequency 
generators designated respectively 'fl-Gen.' and 
'f-Gen.' which are controlled by the selector 
apparatus in the control office or at the field sta 
tion as the case may be to impress alternating 
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fier and filter units are arranged to provide 
such relay means F1 and F2 with energy to pick 
up their contacts only when their respective fre 
quencies 3300 and 3500 are impressed upon the 
line circuit. It is, of course, understood that these 
amplifier and filter units will pass a certain band 
of frequencies at 3300 and 3500 respectively and 
also that these particular frequencies have been 
chosen as examples of frequencies, which do not 
interfere with the telephone equipment illustrated 
in Fig. 1 and also which do not interfere with 
radio receiving sets adjacent the line circuit of 
either Fig. 1 or Figs. 2A and 2B. Detail considera 
tion will not be given in this application to the 
amplifier and filter arrangement for the receiv 
ing units, as they may be of any suitable type 
known in the art. Similarly, the coupling units 
may be of any suitable type operable with the 
particular types of generators and receivers used. 
With reference to Figs. 2A and 2B, it will be 

seen that the frequency generators, amplifier and 
filter units, and coupling units receiving the two 
different frequencies have been shown diagram 
natically for the control office and for field sta 
tion No. 1 and the connections to... these units ex 
tend to dotted rectangles. The Selector appa 
ratus for the control office is shown in Figs. 3A 
and 3B while the selector apparatus for field 
station No. 1 is shown in detail in FigS. 4A and 
4B as designated in the drawings. It Will be 
noted that field stations No. 2 and No. 3 have 
merely been designated by rectangles bearing 
the legend “receiving and transmitting appa 
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current impulses on the line circuit through a 
Suitable "coupling unit' (see Figs. 2A and 2B) 
connected to the line wires 2 and 3 through the 
condensers 20 and 2. These frequency genera 
tors may be of any suitable type known in the 
prior art operable subject to conditions herein 
after explained in detail. Also, each field sta 
tion and control office are provided With two 
line responsive relay means designated F1 and 
F' which are respectively connected to their re. 
spective amplifier and filter units to the line 
wires 2 and 3 through a “coupling unit' and 
condensers 20 and 2 t. Their respective ampli 75 

ratus.” . It is, of course, to be understood that 
any number of field stations may be connected 
across the line circuit in accordance with the 
present invention so long as the selector appa 
ratus for the control office and the field Stations 
is so designed to accommodate codes for the de 
sired number of stations, as will be discussed later 
as the description progresses. 

CoNTRoL OFFICE APPARATUS 
With reference to FigS. 3A and 3B placed Side 

5 to side, it will be seen that the line responsive 
relays. F1 and F have been shown in block form 
in these figures, it being understood that their 
connections to the amplifying units have been 
shown in Fig. 2A. These relays as has been men 
tioned above, respond respectively to frequencies 
of 3300 and 3500 cycles. Associated with these 
line relays is a line repeating relay FA, which is 
normally deenergized, but which is caused to re 
peat each of the impulses impressed on the line 
circuit as repeated by the line relays F and F. 
except in the case of the permission pulse. The 
usual cycle demarking relays SA, SB and SC, all 
of the slow-acting type, are associated with the 
line repeating relay FA. Two line condition re 
lays L. and R are provided to be responsive to the 
permission impulse at the end of a cycle of oper 
ation which permission impulse occurs only if 
the control office has no more controls to trans 
mit and the line circuit may be employed on a 
successive cycle of a field station for transmit 
ting indications. In this connection, two start 
ing relays C and CF are provided. The relay C 
is responsive to manual actuation of start but 
tons for starting a cycle of operation for the 
transmission of controls and the relay CF is re 
Sponsive to a start pulse automatically applied 
at a field station for starting a cycle of operation 
for the transmission of indications. 
The above mentioned relays together with an 

impulsing relay E and its repeater EP cause the 
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Operation of the stepping relay bank including 
stepping relays V and a half-step relay VP. 
The control panel has mounted thereon the 

Various control levers, start buttons, indicator 
lamps and the like, as Well as the usual miniature 
track diagram. Each field station has its group 
of Control levers and a start button B. But for 
the sake of simplicity only the switch control 
lever SML for the switch machine fSM at the 
field station No. 1, has been shown with an as 
sociated start button B. .. 
A cancel button CNB is located on the panel 

and is rendered effective, when actuated, to can 
Cell the transmission of any new controls that 
have been set up by the operator. 
When a start button B is manually actuated, 

it causes the picking up of its corresponding 
change relay CH which in turn acts upon its as 
sociated code determining relay LC if the system 
is then in condition for transmitting control code. 
This relay LC acts through an associated LCS 
relay to energize the control starting relay C. 
The control starting relay then causes the trans 
mitter relays T1 and T to be rendered effective 
to transmit the station code and controls to the 
desired Station. Relay T. When energized causes 
frequency generator “fl-Gen.” to be effective to 
impress 3300 cycle current on the line circuit, 
while relay T when energized causes frequency 
generator “f2-Gen.' to be effective to impress 
3500 cycle current on the line circuit. 
A slow-acting relay OC is provided to cause 

the System to go into a period of rest if for Some . 
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Stations. The line responsive relay means.in 
cludes the line relays F1 and F2. The line re 
peating relay FA is associated with these line 
relays for repeating each of the impulses of a 
Series of impulses which are impressed upon the 
line circuit. However, relay FA does not re 
Spond to the permission pulse. Cycle demarking 
relays SA and SB are also provided. 
The line condition relays III and R are pro 

vided at the field station, and are conditioned 
to render the field station effective to transmit 
only if a permission impulse is placed upon the 
line circuit following any series of impulses which 
permission impulses advises each of the field sta 
tions and the control office that the system, al 
though at rest, may be initiated into operation 
for the transmission of indications as Well as 
the transmission of controls. It is through the 
functioning of these relays and their associated 
circuits that the control office is made superior 
or dominant over the field stations so that an 
operator may transmit controls On successive Con 
trol cycles to any number of field stations irre 
spective of the fact that indications may be 
standing ready at various field Stations awaiting 
transmission. The line repeating relay FA 
causes the operation of a stepping relay bank 

reason the System should fail to properly operate . 
and cause an indefinitely prolonged inpulse to 
be placed upon the line circuit. ??????? 
Through the line repeating relay FA and Suit 

able circuit connections two relaySTON and TON 
are provided to time the length of the “on' or 
impulse intervals during the transmission of in 
dications so as to properly control the indica 
tion receiving relays, such as TKR, in accord 
ance with the length of the impulses as weli as 
in accordance with the distinctive frequencies of 
such impulses. 
The Station registration, relayS RFº are con 

trolled in accordance. With the Station. Selecting 
code so as to cause the energization of the station 
relay ST for the particular station then selected 
to render the indication relays for that Station 
responsive to the character of the impulses re 
ceived over the line circuit for the remaining in 
pulses of that indication cycle of operation. The 
relay TKR is an indication relay of the two 
position magnetic-stick type and is associated in 
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this disclosure With the condition of track occu 
pancy at station No. 1. When its contact 22 is 
positioned to the left, it energizes lamp TK to 
indicate that a train is on the associated track 
section at station No. 1... It might be noted in 
this connection that the registration relays RF 
are provided, one for each impulse of the station 
selecting and registration portion of a code, while 
there is a relay ST provided for each of the field 
stations. It is, of course, understood that these 
relays are controlled through suitable selections 
which are made in accordance with the regular 
well-known Baudot code as shown in the prior 
Patent No. 2,259,561, dated October 21, 1941, 
granted to Hailes and Brixner. 

FIELD STATIONAPPARATUS 

The field station apparatus shown in Figs. 4A 
and 4B is very similar to the control office appa 
ratus and is to be considered as typical of all field 
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relay ST. 

including stepping relays W and a last step relay 
(LV as well as a half-step relay WP. . . 
The operation of the system during the trans 

mission of a control code effects the selection of 
the station through the proper control of the sta 
tion selecting relay SO and its repeating relay 
SOS, but during the transmission of the im 
pulses for an indication cycle of operation the 
station is selected for transmitting indication im 
pulses by the proper control of the relay SI and 
at the same time is registered in the control of 
fice on the registering relays R.F. and Station 

The transmission of a control to the field sta 
tion after its selection actuates a suitable relay 
means to a proper position for controlling any 
desired traffic controlling device which has been 
typically illustrated in the control of the relay 
[SMR, which in turn controls the switch machine · 
SM at field station No. 1 over obvious circuits, 

associated with the switch machine SMI and suit 
able signals and track circuits. All of the con 
ventional signalling circuits have been omitted 
but a track relay T has been shown in block 
form as well as a signal at stop relay M. These 
two relays may act upon a change relay CH 
whenever they change their positions to initiate 
a cycle of operation through a change repeating 
relay CHF and cause the transmitting relays T. 
and T2 to cause the transmission of the impulses 
of proper frequencies to Select that field Station 
and register its indications in the control office. 
An impulsing relay E is provided to cause the 
proper timing of the relays. Associated with this 
apparatus is a transmitting tinner relay TC and 
its repeating relay TCP. Relay LON is pro 
Vided to time the long impulses impressed by the 
line circuit by the field station. It is of course, 
understood that the transmitting relay Ti and 
T control the frequency generators at the field 

station in accordance with the code to be trans 
mitted as indicated in Fig.2B. 

It is, of course, understood that various other 
auxiliary devices and circuits therefor Will be 
employed in a C. T. C. System embodying the 
present invention, but it is believed that the typ 
ical devices and circuits shown will be sufficient 
for an understanding of the present invention. 
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OPERATION 

The communication system provided by the 
present invention is normally at rest. When the 
system is applied to the line circuit arrangement 
of Fig. 1, it is normally deemergized So far as 
the C. T. C. communication system is concerned, 
but it is to be understood that the other services 
may be employing the line circuit. In Figs. 2A 
and 2B where the C. T. C. communication Sys 
tem is the only service on the line circuit, it is, 
of course, obvious that the line circuit is deener 
gized unless the C. T. C. communication system 
is in Operation. . . 

Any field station or the control office can ini 
tiate the System into operation to transmit new 
indications or controls respectively. If several 
field stations are ready for transmission at the 
same time, they are transmitted from such field 
stations to the control office one cycle for each 
field station until each of those stations have ob 
tained access to the line circuit for transmit 
ting their indications during any one cycle of 
operation. If there are new controls ready to be 
transmitted to several different field stations 
from the control office at the same time, the 
controls for each of the stations are transmitted 
on separate operating cycles, one cycle for each 
station. And in the event new controls and in 
dications are ready for transmission at the same 
time, the controls are transmitted first. 

NoRMAL CONDITIONS 
While the System is at rest most of the relays 

and circuits are deemergized, and are thus or 
ganized to save energy while the system is not 
in operation. However, the line condition relays 
L and R at the contol Office and at the field Sta 
tions are normally energized. 
With reference to Fig. 3B, it will be seen that 

the relays R and L are energized in series from 
(--), through a circuit including back contact 
30 of relay SB, winding of relay L, front contact 
3f, winding of relay R, to (-). This stick cir 
cuit can, of course, be broken only by the pick 
ing up of contact 30 of relay SB, in which case 
the relays R and Lboth drop away. 
When these relays are dropped away and the 

back contact 30 of relay SB is again closed, the 
relay R can only be picked up by an energizing 
circuit closed from (--), and including back con 
tact; 30 of relay SB, back contact 32 of relay L, 
front contact 33 of relay F, winding of relay R. 
to (-). It will be noted that the picking up of 
the relay R closes its front contact 31, but the 
relay L. canot pick up to open its back contact 
32 so long as the front contact 33 of relay. F2 
is closed thereby providing a shunt circuit across 
both terminals of the relay L. However, when 
the front contact 33 of relay F is open, at the 
end of a permission pulse as Will be hereinafter 
described, the relay I, then picks up in series with 
the relay R and is maintained energized through 
the stick circuit above traced. 
With reference to Fig. 4A, a similar energizing 

Stick circuit is normally closed for the relays R. 
and E, from (--), through a circuit including 
back contact 34 of relay SB, windings of relay 
fL, front contact 3 of relay R, windings of 
relay R, to (-). When relay SB is picked up, 
both relays R and L are released, but may be 
again picked up when relay SB is again released. 
The pick-up circuit for the relay R is provided 
from (--), through a circuit including back con 
tact 34 of relay SB, back contact 35 of relay L, 

7. 
R, to (-). The pick-up circuit for the relay 
L is, of course, the same as the stick circuit 

above traced, but with the pick-up circuit for 
the relay. R open at front contact 36 of relay 

The change relay CH (see Fig. 4B) is also 
normally energized from (--), through a circuit 
including front contact 27 ofrelay IT, front con 
tact 38 of relay, M, front contact 39 of relay CH, 
lower winding of relay ?cH, to (-). It is, of 
course, understood that the track relay T is 
normally energized by a track circuit not shown 
in detail, and the Signals at stop relay M is also 
normally energized by circuits not shown. Al 
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though these relays T and M are shown nor 
mally energized with the system at rest, it is to 
be understood that either or both may be deerner 
gized and the System still remain at rest, the 
indications associated therewith having been 
transmitted on Some operating cycle and caused 
the restoration of the change relay CH to a 
picked-up position in Which it is also maintained 
energized through its stick circuit through either 
front or back contacts 27 or front or back con 
tacts 38 until another change in condition occurs. 

MANUAL START 

At any time that the operator desires to trans 
mit controls to a particular station, he first posi 
tions the control levers for that station and then 
actuates momentarily the start button B asso 
ciated there with. 
The arrangement of the circuits for the control 

of the associated relays, CH, LC, and LCS is 
Such as to provide that only one field station may 
have controls transmitted thereto at any one 
time, but these relays and associated circuits are 
also effective to store a manual start for any 
one or several field stations until the system is 
available for the transmission of controls to those 
stations. This is necessary even though the sys 
ten is arranged to make the control office superior 
to the field stations, because at the time the oper 
ator actuates a start button B. the system may 
be transmitting indications from some field sta 
tion or may be transmitting controls to some 
other field station. The predetermined order in 
which the controls are transmitted to the differ 
ent field Stations when the operator actuates sev 
eral start buttons B in quick succession is deter 
mined by the interlock between the various CH 
and LC relays of the interlocked bank as shown 
and described in our above 'mentioned Patent 
No. 2,259,561. 

Let us assume that the operator desires to 
transmit controls to field station No. 1 and prop 
erly positions the control levers for that station 
to the desired positions, such as lever SML, for 
example, and then actuates the start button B. 
This closes a pick-up circuit through the nor 
mally. Open front contact 40 of button B, wind 
ing of relay CH, bus wire 4, normally closed 
front contact 42 of cancel, button CNB, to (-). 
AS Soon as the relay CH? picks up, a stick circuit 
is closed from... (--) through back contact 43 of 
relay (LC, front contact 44 of relay CHA, wind 
ings of relay CH, bus wire 4, front contact 42 
of cancel button CNB, to (-). 

It will, of course, be apparent that the start 
button B need be actuated only momentarily by 
the Operator, because the relay CH is main. 
tained energized by its stick circuit as soon as its 
front contact 44 is closed. 

If the System is at rest, the picking up of the 
front contact 36 of relay F, windings of relay 75 relay CH closes an energizing circuit for the 



S 
relay L.C. from - (--), through back contact 45 
of relay SB, back contact 46 of relay LCS, back 
contact 47 of relay CF, wire 48, back contact 49.of 
relay CH2, front contact 50 of relay CH, upper. 
winding of relay L.C, bus wire 5f, front contact 
42 of cancel button CNB to (-). It will, of 
course, be noted that if the System is in Oper 
ation, the relay SB will be energized and the back 
contact 45 will be opened so that the relay LC 
could not be picked up. Also, the System may 
have been just initiated by some other start but 
ton B or by some change in conditions at the field 
station causing the pick up of either the relay 
LCS or the relay CF opening either contact 46 or 
47 respectively as will be presently pointed out. 
However, assuming that the System is at rest, 
the relay LC picks up closing a Stick circuit 
from (--), through a circuit including back con 
tact 52 of relay SB, winding of relay LCS, Wire 
53, front contact 54, lower winding of relay LC, 
bus wire 5, front contact 42 of cancel button 
CNB, to (-). It will be noted that the relay LCS 
is in series with this stick circuit for the relay 
LC and as soon as it picks up, it opens its back 
contact 46 and prevents all other F.C. relays from 
being picked up. Also, energy (--) is applied to 
the right hand terminal of relay LCS by back 
contacts 9 and 50 of relays C and V4 respec 
tively in multiple with back contact 52 of rela 
SB for reasons later pointed out. 

Both the bus wires 4 f. and 5 are connected to 
negative potential (--) through normally closed 
front contact 42 of cancel button CNB, so that if 
at any time a Start button B is actuated prema 
turely or inadvisedly the operator can immediate 
ly cancel such storage of a start condition by the 
actuation of the cancel button CNB opening 
front contact 42 and thereby deenergizing any 
relay CH or LC then picked up. 
As soon as the relay LC picks up and is ener- . 

gized through its stick circuit also energizing the 
relay. LCS to initiate the System into operation, 
the back contact 43 of relay. IC is opened to de 
energize the relay CH so that it drops away. 

It will be seen that the pick-up circuit for the 
relay (LC includes back contact 49 of relay CH2 
So that if both the buttons B and 2B were actu 
ated simultaneously, the relay 2IC would pick up 
in preference to the relay L.C, but the relay CH 
would remain stuck up so that after an operat 
ing cycle had occurred for the transmission of 
controls to the field station No. 2 corresponding 
to the relay 2LC, the relay CH would then be 
effective to pick up its associated relay L.C, be 
cause at Such time the relay 2CH would be 
dropped away. Under the circumstances, as 
sumed above, where the button IB has been actu 
ated and the relay LC picked up, then the actua 
tion of the start button 2B merely causes the 
energization of relay 20H which is stored until 
the transmission of controls has been effected 
for the Station No. 1. 
The picking up of the relay LCS closes a pick 

up circuit for the control office starting relay C 
from (+), through a circuit including back contact 
55 of relay SB, back contact 56 of relay F2, front 
contact 57 of relay LCS, back contact 58 of relay 
CF, windings of relay C, to (-). As soon as the 
relay C picks up, its stick circuit is closed from (-), 
through a circuit including front contact 59 of 
relay LCS, front contact 60 of relay C, windings 
of relay C, to (-). Another stick circuit is also 
closed for the relay C from (--), through a cir 
cuit including back contact 6 of relay SC, front 
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contact 62 of relay C, windings of relay C, to (-). 
The picking up of the control office start relay 
C opens its back contact 62 included in the stick 
circuit of the field start relay CF. This gives 
the control office start relay C the priority in 
the event both the relays C and CF are energized 
simultaneously and pick up together. 
The picking up of the relay C closes an en 

ergizing circuit for the transmitting relay T for 
impressing the frequency flon the line circuit for 
the conditioning impulse. This circuit for relay 
T1 is closed from (+), through a circuit includ 
ing back contact 63 of relay SC, front contact 
64 of relay C, wire 65, back contact 66 of relay 
IV, back contact 67 of relay V, back contact 
68 of relay V3, back, contact 69 of relay V, back 
contact of relay W1, to the bus wire 5 which 
extends to the relay Ti, windings of relay T, 
to (-). 
The picking up of the contacts of the trans 

mitter relay T1 closes its front contact 77 (see 
Fig. 2A) for completing an obvious energizing 
circuit for the frequency generator "fl-Gen.' 
which in turn impresses the frequency f1 on the 
line circuit to condition and initiate the appara 
tus at the control office and each of the field 
stations for a control cycle of operation. This 
conditioning impulse is indicated as the first in 
pulse of a cycle in the chart of Fig. 5A showing 
a typical control cycle. 
As heretofore mentioned, this frequency fl is 

always impressed on the line circuit for the con 
ditioning impulse of a control cycle and the 
length of this conditioning impulse is determined 
by the sequence of certain relays immediately 
following the picking up of the relay C. 
More specifically, the picking up of the relay 

C also closes a pick-up circuit for the relay OC 
from (+), through a circuit including back con 
tact 80 of relay SC, front contact 8 of relay C, 
back contact 82 of relay CF, windings of relay 
OC, to (- ). The relay OC is, of course, slow 
acting but it picks up after a short time to close 
its front contact 83 in readiness to complete a 
stick circuit and also to supply energy to the 
impulsing. circuits for the transmitter relays Ti 
and T2 during the operating cycle being initiated. 
At the control office, the line responsive relay 

F1 responds to the frequency f1 of the condition 
ing impulse and closes its front contacts. This 
completes an energizing circuit for the line re 
peating relay FA. from (--) through a circuit 
including front, contact 84 of relay F, windings 
of relay FA, to (-). 
The picking up of the relay FA closes its front 

contact 85 to complete an obvious energizing cir 

80 

cuit for the relay SA; the relay SA in turn closes 
its front contact 86 to complete an obvious ener 
gizing circuit for the relay. SB; and the relay SB 
in turn closes its front contact 87 to complete 
an obvious energizing circuit for the relay SC. 
Thus, it will be seen that the relays FA, SA, SB 
and SC pick up in sequence. 
The picking up of the relay SC opens the pick 

up circuit for the relay OC at back contact. 80, but 
prepares a stick circiut for the relay. OC at front 
contact 88 which is closed at the termination of 
the conditioning impulse and during each suc 
ceeding impulse. This stick circuit for the relay 
OC is closed from (+), through a circuit includ 
ing front contact 83 of the relay OC, front con 
tact 88 of the relay SC, back contact 89 of the 
relay F, back contact 90 of the relay F2, wind 
ings of the relay OC, to (-). It is noted, how 
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ever, that this stick circuit is closed only during 
the “off” periods of any series of impulses com 
prising a cycle of operation. In other words, the 
relay OC is picked up during the conditioning 
period and is then intermittently energized over 
a 'stick circuit closed during each “off' period of 
a cycle. But the relay OC is suffieiently slow 
release to remain picked up between successive 
“off” periods and drops away during a cycle only 
if 'Some impulse persists for an abnormally long 
time due to failure of some part of the system. 

0. 

Also, if the conditioning impulse should be main 
tained for an unusual length of time, the stick 
circuit would be open at back contacts 89 and 90 
and the relay OC would be dropped away. 
At the time the relay C picks up, an energiz 

ing circiut is closed for the relay E from (--), 
through a circuit including front contact 9 í of 
the relay C, wire 92, back contact 93 of relayLV, 
back contact. 94 of relay V4, back, contact. 95 of 
relayVº, back contact 96 of IrelayV2, back con 
tact 97 of relay V, back contact 98 of relay. VP, 
wire 99, Windings of relay E, to (-). 
The picking up of the relay E closes its front 

contact fold so that upon the picking up of the 
relay SB and prior to the picking up of the relay. 
SC opening back contact 88 an energizing circuit 
is closed for the transmitting relay Ti, from (--) 
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of relay v, back contact to of relay vi, wind 
ings of relay VP, to (-). As soon as the relay 
VP picks up, the stick circuit is completed there 
for from (--) through a circuit including front 
contact 45 of relay SB, front contact 03 of relay 
SC, wire if , front contact 12 of relay VP, back 
contact O6 of relayLV, back contact 07 of relay 
V4, back contact 08 of relay V3, back contact O9 
of relay V2, back contact to of relay V, windings 
of relay WP, to (-). This stick circuit is main 
tained closed until the first stepping relay of the 
bank is picked up which occurs during the first 
'off' period of the series of impulses to be trans 
mitted from the control office. 
Upon the picking up of the relay VP, back 

contact 98 is open so that the relay E is deener 
gized which opens front contact of included in 
the energizing circuit for the transmitting relay 
Tl to end the initiating impulse. This, of course, 
all occurs after the relay SC has picked up. The 
deenergization of the transmitting relay TI causes 
the first “off” period of the series by removing 
the frequency f. from the line circuit. Thus, the 
line relay means F1 becomes deenergized opening 
front contact 84 which in turn deenergizes the 
relay FA. 

In other words, the relay, FA repeats the line 
responsive relay means regardless of whether it 

through a circuit including front contact 83 of 
relay OC, front contact 02 of relay SB, front 
contact of of relay E, front contact 64 of relay 
C, Wire 65, back contact 66 of relay LV, back con 
tact 67 of relay V, back contact 68 of relay. V3, 
back contact 69 of relay V2, back contact 70 of 
relay V, to the bus wire 75, and thence through 
the Windings of the relay. Ti, to (-). This cir 
cuit is maintained closed so that the condition 
ing impulse is maintained on the line circuit until 
after the half-step relay VP has operated follow 
ing the picking up of relay SC, thereby deemergiz 
ing the relay E opening its front contact to to 
deenergize the transmitting relay T1. 
may be expedient to now consider the operation 
of the stepping relay bank at the control office 
before considering themanner in which the dif 
ferent frequencies are selected for determining 
the Station selecting code, and the controls to be 
transmitted. 

OPERATION OF STEPPING RELAY BANK AT THE 
CONTROL OFFICE v, 

The stepping relay bank at the control office 
comprises a series of stepping relays V, a last 
stepping relay LV and a half-step relay V.P. 
These stepping relays are successively picked up 
Qn each “off” period of any series of impulses, 
while the half-step relay VP assumes an opposite 
position for each 'on' period of the same series. 
The first operation of the stepping relay bank 
that occurs Subsequent to the actuation of a start 
button for the transmission of controls is the 
picking up of the half-step relay VP during the 
conditioning impulse following the picking up of 
the slow acting relay SC. These sequential op 
erations of the relays V and WP are indicated in . 
the chart of Fig. 5A where the arrows pointing 
up and down respectively indicate the picking up 
or dropping away of 
are aSSociated. 
The pick-up circuit for the relay VP is closed 

from (--), through a circuit including front con 
tact 45 of relay SB. front contact 03 of relay 
SC, front contact f84 of relay FA, wire O5, back. 
contact 08 of relay LV, back contact 07 of relay 
V, baek contact fo8 of relay w8, back contact fog 

Thus, it 

the relays with which they 
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is the relay Fi or the relay F2 which is actuated 
in response to the corresponding frequencies 
placed upon the line circuit. The reason for this 
is because the relay SB picks up and closes front 
contact í 13 so that front contact 114 of relay F* 
can control the relay FA the same as front con 
tact 84 of relay Fl. It is noted in this connection 
that the picking up of relay SB opens back con 
tact 30 and deenergizes the line condition relays 
R and L, opening front contact 5 of relay.L, 
the significance of which will be discussed here 
inafter. 
Assuming that the first “off” period is repeated 

by the relay FA, the closure of back contact f O4. 
completes a stick circuit for the relay WP from 
(+) through a circuit including front contact 
45 of relay SB, front contact. O3 of relay. SC, 
back contact 04 of relay FA, wire 16, front. 
contact if T of relay VP, windings of relay VP, to 
(-) . Thus, the relay WP is maintained ener 
gized during the “off’ periods even though its 
pick-up circuit is opened at front contact ft 0 by 
the picking up. of the first step relay V, for 
example. . 

The first step relay Wi is caused to be picked 
up upon the release of the relay FA by reason. 
of a circuit closed from (--) and including front 
contact 6 of relay SC, back contact 8 of relay 
FA, wire 9, front contact. 120 of relay. VP, back 
contact 2 of relay V4, back contact 22 of relay 
V, windings of relay V, to (-). As soon as the 
relay W is picked up, its stick circuit is closed 
from (+), through a circuit including front con 
tact 30 of relay SB, wire 23, back contact 24 of 
relay V, front contact. 25 of relay VI, windings of 
relay Wil, to (-). ?-:: , , ?? , 
The picking up of the stepping relay VI closes. 

an energizing circuit for relay Eincluding front 
contact 97 of relay Vi and front contact. 98 of re 
lay WP; and relay V also prepares a circuit for 
the energization of the transmitter relays T. This 
energization of relay E closes its front contact. 
f for energizing either relay T1 or relay T2 in 
accordance with the character of impulse re 
quired for the first element of the code for the 
Station being selected. s 

Disregarding for the moment the particular 
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character of the next impulse, it is impressed. On 
the line circuit by the picking up of either the 
transmitting relay T1 or the transmitting relay 
T, and such impulse is repeated by the corre 
sponding line responsive relay means. Fi or F. 
which in turn is repeated by picking up of the 
relay FA. 
The opening of back contact 04 of relay FA 

opens the stick circuit for the relay VP including 
the front contact 7 of relay VP, the other stick 
circuit for the relay WP including its front con 
tact 2 already having been opened at back con 
tact 0 by the picking up of the relay V1. Thus, 
the relay WP drops away in response to the sec 
Ond picking up of the relay FA. - 
This dropping away of the relay WP opens the 

energizing circuit for the relay Eat front con 
tact 98 of relay WP, which causes relay E to ter 
minate that impulse by deenergizing the particu 
lar transmitting relay T then energized at open 
front contact 0 í. 
The second dropping away of the relay FA a. 

O 
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the end of the second impulse of the Series closes 
the pick-up circuit for the stepping relay W2 from 
(--), through a circuit including front contact 
6 of the relay SC, back contact 8 of relay FA, 
wire 9, back contact f20 of relay WP, back con 
tact 25 of relay LW, back contact 26 of relay 
V3, front contact 27 of relay. Wi, windings of 
relay V, to (-). As soon as the relay V2 picks 
up, its stick circuit is closed by the closure of its 
front contact 28 completing a stick circuit 
through back contact f 29 of the relay V4 to the 
bus wire 23, which bus wire is energized through 
out the cycle of operation. The picking up of the 
stepping relay W. prepares the relays T for en 
ergization and causes the relay E to be energized 
by closure of front contact 96. 
During the next "on' period of the series of im 

pulses, the relay FA is picked up, and causes an 
other pick-up circuit to be closed for the relay 
WP by reason of the closure of front contact C4 
of relay FA and the closure of front contact 9 
of the relay V. This picking up of the relay VP 
causes the relay E to be again deenergized to ter 
minate that impulse. 
During the following "off' period of the series 

of impulses as repeated by the relay FA, the clo 
Sure of back contact 8 completes a pick-up cir 
cuit for the relay W from (--), through a circuit 
including front contact 6 of relay SC, back con 
tact f 8 of relay FA, wire 9, front contact 20 
of relay VP, back contact f2l of relay V4, front 
contact 22 of relay. V2, windings of relay V3, 

. . (----?) to 
As soon as the relay W picks up, it closes front 

contact f30 to complete a stick circuit through 
contact 3 f of relayLV to the bus 23. The pick 
ing up of relay V opens back contact 24 included 
in the stick circuit of the relay Wilso that such 
relay W drops away, its function for this par 
ticular cycle of operation having been completed. 
From the above description of the operation of 

the stepping bank up to the point of the picking 
up of the relay V, it will be seen that the half- G 
Step relay WP assumes opposite positions on al 
ternate impulse periods while the successive step 
ping relays V pick up on the successive 'off' pe 
riods of the series of impulses. This stepping 
operation continues until the last stepping relay 
IV is picked up to end the cycle of operation as 
Will later be described. It is of course understood 
that the number of stepping relays is commensu 
rate with the number of controls and indications 
necessary to be transmitted in actual practice. 
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It will be noted that the last stepping relay IV 
and the next to the last is maintained energized 
until relay SB drops at the end of the control 
cycle. ? 

It will also be noted that each of the other step 
ping relays is dropped away upon picking up of 
the second succeeding stepping relay in the step 
ping relay bank. This serves the purpose that 
the stepping relays are not using energy for a 
longer period than necessary and also reduces 
the amount of current that needs to be broken 
at any one time upon the dropping away of a 
stepping relay which would be of a substantial 
value if all of the stepping relays were main 
tained until the end of the Operating cycle. 

FREQUENCY SELECTION FOR CoNTROL CoDEs 
When controls are to be transmitted from the 

control office, the field stations are selected one 
at a time in accordance with the combination of 
the different frequencies used for the impulses 
applied to the line circuit for a portion of the con 
plete code, while the remaining impulses have 
frequencies selected in accordance With the con 
trols to be transmitted to the selected station. 
In brief, a complete control code comprises a sta 
tion selecting code and the controls for the. Se 
lected station. 
As above mentioned, each impulse applied to 

the line circuit causes the stepping means at the 
control office and the field stations to take one 
step irrespective of the particular frequency of 
Such impulse. 

In accordance with the present invention, each 
impulse may be either of two frequencies, and the 
number of different combinations of impulses for 
the station Selecting portion of the control code 
depends upon the number of impulses used. The 
different frequencies are arranged in combina 
tions in accordance with that code principle which 
provides that when two different frequencies are 
employed two different combinations of code 
calls are obtained for one step; four different 
combinations of impulses for two steps; eight 
combinations for four different steps; sixteen 
combinations for four steps; thirty-two different 
Combinations for five steps; and so on, each addi 
tional step or impulse doubling the number of 
possible code calls. In the present disclosure, 
only three steps have been shown, and although 
any number of steps may be employed, it is be 
lieved that this number is sufficient for an under 
Standing of the present invention, and a typical 
code table is given below. 

Typical code table 

Number of station code call Step 1 Step 2 Step 3 

l f2 if 1 
l f 2 f2 

2 2. 

With a code call assigned to each field station 
Selections are made between half of the total 
number of stations on the first station selecting 
step in accordance with the frequency of the im 
pulse for that step; and similarly on the second 
station selecting step, selection is made between 
half of the Stations remaining after the first se 
lection, the particular half depending upon the 
frequency of the second impulse. This selection 
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: continues luntil the end of the station selecting 
st?ps when only one stationcremains as the; se 
lected station. - 

In accordance with this principle of codiese 
lection, the gode jumpers:in the control officer can 
be arranged to assign-any-code call to any;field 
station as may be desired. But for the sake of 
simplicity in assigning the codes, it is probably 
desirable; to assign the codes in the order of the 
field stations. This has been done for the pur 
poses of the present disclosure to provide that 
the station No. 1 has code No. 21 assigned to it 
which requires three impulses of frequency f1 

: 

(see code table above). This is effected by the 
code jumpers í35, 136, and :131; while the sta 
tion code: call No. 2 for station No.2 is, provided 
by code jumpers: 38, f39 and tá0:to give impulses . 
of the frequencies if, f1, f2. However, it is to be 
understood that any of the possible codes might be 
assigned to these stations: by merely shifting the 
positions of these code jumpers. Also, this assign. 

- "ment of codes.lis for station selection forecontrol 

2: 
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pGSitions of the lever: SML togenergize either the 

strelay Tigor the relay T2. In other words, the 
gimpulse of the fourth step is of a florf2.frequency 
depending upon:whetheranormali orreverse con 
trol is desired for the switch machine at the 
sfield location. 
in a similar manner, the different frequencies 

to be transmitted can be selected on: any num- : 
ber of station selecting steps in accordance with 
the number of stations in the system; and any 
intmber of control steps can be used: depending 
:ligon the number of Switches and signals to be 
it controlled at the station. 
"END OF CONTROL. CYCLE AT THE CONTROL OFFICE 

Fhe application of the last impulse of a con 
trol gycle to the line circuit is terminated by the 
dropping away of the relay E which causes the 
:Stepping relay TV to pickup but in so doing, no 
energy, is applied to the line circuit because: there 
is osconnection:to the front contagit 66 of this 

"cycles of operation which is independents of the 
"code si assignment for station : selection for indi 
cation cycles of operation, as will be explained 
more in detail hereinafter. 

IMPULSING OPERATION AT CONTROL OFFICE 
;At the beginning of the control cycle of opera 

tion the initiating ror: conditioning impulse is pro 
vided by the energization of the transmitting re 
lay Tito provide that the pulse is of the fre 
quency f. As above pointed out,' this energy for 
the relay T is supplied through back contact-63 
of the relay SC. at the same time: that the relay 
E is picked up by its energizing circuit above 
pointed out. But when the WP relay responds: (as 
is the case as soon as the relay. SC picks up), the 
E relay is dropped so that upon the picking up 
"of the relay SC the 'continued energization of 
the relay T1, for the initiating impulse is con 
tinued through front contacts of of the relay E 
which very shortly thereafter drops away. The 
dropping of the relay E, of course, causes: the 
first stepping relay Vito pickup. 
“As soon as the relay'V picks up, the circuit 

for the relays T1 or T2 is prepared so that one or 
the other can be energized in accordance with 
the character of the code element required for 
the first step when the relay Epicks up and closes 
its front contact ºf Q i to cause trenergy to be ap 
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Felay IV. This cessation of the application of 
-impulses to the line circuit is, of course, repeated 
by the frekay : FA, which ; in ºturn Ideenergizes the 
*relaySSA, SB, and SC successively. The drop 
“ping of the relay SC zdeenergizes the relay OC 
jatjitsfront contact: 88 so that no more energy can 
be :applied to the relays T1 or T2:... through the 
"wire 65:from front contact 83 of relay. GC. 

It should also be noted that the relay ICS 
and the relay.L.C. are: dropped out when the step 
ping relay V ispicked upbecause:the back con 
tact:9 of the relay. Cis, of course, already open 
candi.the contact 52...of the relay. SB is also open, 
making the contact:50 of relay V4thelast con 
tact required to open the circuit for the relays 
E EC and LCS. As soon as "the relay ICS3drops 
-away, the front contact:59 is opened condition 
ing the relay 'C' for deemergization upon there 
lease of the relay SA subsequent to the termina 
tion of the last impulse of the control cycle. This 
stick circuit. of the relay : C is opened by front 
'contact:14: of relay SA butiis again closed by back 
' contact.G. of relay. SC. 

Thuis, When : the last "Cycle - demarking 2 relay 
SC becomes deemergized, a permission-impulse is 
placed upon the line circuit for restoring the line 
'condition relays R and L., . This is effected by 
tenergizing the transmitting relay"T2 throughs a 
circuiti closed from:(+), and including back con 
tact f 5f of relay SC, back contact if 52 of relay 

plied to the proper bus wire 75 or-76 for-energiz 
ing either the relayº-Ti, or the relay T2. - 
For example, the relay IC is picked up for the 

station No. 1 so th?t the stepping rèlay: V1 closes 
its front contact 70-to-connect-energy to the bus 
wire is , which supplies energy 'through front 
contact 46 of relay LC- and the code jumper:f37 
to the bus wire 75 for energizing the transmit 
ting relay T. 

Similarly, on the second step the relay. V2 closes 
front contact 69 to supply energy to the bus wire 
42 through contact. As and code jumper 36 to 

again energize the bus wire 75 and transmitting 
relay: T1. 
On the third-step the front contact:68-of-relay 

V3' energizes the bus wire. A3 to supply "energy 
through front contact.f48; and code jumperst35 to 
again-energize the bus wire 75 to energize trans 
mitter relay T1. 
"On 'the fourth step, the relay W4: closes front 

contact 57 to supply: energy to the bus swire: 44 
which through front contact 49 of relay IC 
and lever fSML supplies energy to either the bus 
wire 75 or the bus wire T6: depending upon the 
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R. back-contact: 53 of relay C, to "the bus wire 
75, windings of relay T, to (-). 
*Theresulting application of animpulse offre 

quency f. causes the line responsive relay means 
3F2 to be energized: at the control office and at 
reach of the field staticins. "This energization of 
relay F2, at the control office does not energize 
the relay: FA, because front contact: 3 of relay 
SB is open as well as the front contact 5, of 
the line condition relay L. However, the closure 
of "front contact 33 of the relay F2 closes the 
pick-up circuit for the relay R, as above de 
scribed, but the relayL does not pick up until this 
permission impulse is terminated. The length of 
this permission pulse is determined by the pick 
up period of the relay R in the control office 
which is made slow-acting for the purpose of 
timing this impulse. . . . . . 
After a time the relay R picks up to open back 

contact fis?' and cause the impulse to cease by 

75 

dropping the relay T2 which, of course, is re 
prated by the line responsive relay means F2 in 
the control officer and irorresponding relays at 
each of the field stations. The opening of front 
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contact 33 of relay F2, then allows the relay L. 
to pick up so as to close front contact 5 to 
permit the relay FA to be responsive to any 
initiating impulse originating at a field location. 
This will be appreciated by again noting that 
the initiating pulses from the field locations are 
of the frequency f2 while the initiating impulse 
from the control office is of the frequency f1. 

OPERATION AT FELD STATIONS 

The reception of a conditioning impulse of fre 
quency f. at each of the field stations causes 
the line responsive relay means to repeat. Such 
impulse and effect certain conditioning opera 
tions at each of the field Stations which can be 
typically considered in connection with the field 
station No. 1 disclosed in Figs. 4A and 4B. 
More specifically, the picking up of the relay 

F. closes front contact 54 for energizing the 
line repeating relay FA through an obvious cir 
cuit. 
front contact 55 to energize the relay tSA, which 
in turn closes its contact 56 to energize the re 
lay SB. As soon as the relay SB, picks up, 
it opens back contact 34, deenergizing the line 
conditioning relays R and L to prevent any 
initiation of an indication cycle from the field 
station as will be described in detail hereinafter. 
As soon as the relay SA picks up it closes front 
contact 58 while the picking up of relay SB 
closes contact 59. Both of these contacts 58 
and 59 are in multiple for completing the pick 
up circuit for the relay fBA as controlled by 
contact 60 of relay F. This is necessary to 
maintain relay FA controllable by relay F2 
inasmuch as the dropping away of the relay L. 
opens contact 6 which is not again closed until 
the end of a permission impulse, as will be de 
scribed in connection with the end of the control 
cycle at the field station. 
The reception of the conditioning impulse at 

the field locations also closes a pick-up circuit 
for the station Selecting relay SO at each and 
every station so that any station is available for 
its selection in accordance with the particular 
code received. For example, the pick-up circuit 
for the relays SO and SOS is closed from (--) 
through a circuit including back contact í62 of 
relay SB, front contact 63 of relay F1, back 
contact 64 of relay F2, wire 65, back contact 
66 of relay LW, back contact 67 of relay 
V4, back contact 68 of relay V3, back contact 
69 of relay V2, back contact 70 of relay IV2, 

winding of relay. ÍSOS, winding of relay !SO, 
to (-). 

It is noted that this pick-up circuit for the 
relays SO and SOS is closed upon the recep 
tion of the conditioning impulse only until the 
relay SB is picked up at which time an imme 
diate shift-over is made to hold the relay f SO 
through stick circuits. More specifically, the re 
lay SOS is provided With a stick circuit from 
(--), through circuit including front contact. TI 
of relay SB, front contact 72 of relay AIFA, 
wire 73, front contact 74 of relay SOS, lower 
winding of relay SOS, to (-). 
With the relay SOS thus maintained ener 

gized, a holding stick circuit is also closed for 
the relay SO from (--), through a circuit in 
cluding front contact if of relay SB, wire 5. 
front contact 76 of relay SOS, front contact 
7 of relay SO, lower winding of relay SO, to 
(-). 
As soon as the relay SB picks up during the 

conditioning period, a pick-up circuit is closed 
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The line repeating relay FA closes its 
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for the half-step relay WP from (-+-), through 
a circuit including front contact 62 of relay 
SB, front contact 293 of relay FA, wire 294. 
back contact 295 of relay LW, back contact 296 
of relay V4, back contact 297 of relay V3, back 
contact 298 of relay V2, back contact 299 of 
relay i Vl, Winding of relay IVP, to (–). The 
picking up of relay WP closes its front contact 
300 Which completes a shunt circuit for the con 
tact 293 of relay fFA until the stepping relay 
W is picked up at which time the front con 

tact 30 of relay WP completes a stick circuit 
including back contact .293 of relay FA which 
will be understood by analogy to the circuits de 
scribed for the relay VP in the control office. 
With the relay fWP picked up during the con 

ditioning period, together With the picked-up con 
dition of the station selecting relay SO, the step 
ping bank is prepared to pick up the stepping 
relay IV upon the first 'off' period following 
the conditioning period. 
More specifically, as soon as the relay FA is 

released, a pick-up circuit is closed for relay W. 
from (+), through a circuit including front con 
tact 34 of relay SB, back contact 302 of relay 
FA, wire 303, front contact 304 of relay SO, 

front contact 305 of relay VP, back contact 306 
of relay IV, back contact 307 of relay V2, wind 
ings of relay V, to (-). As soon as the relay 
V picks up a stick circuit is closed from (--), 
through a circuit including front contact 308 of 
relay SB, wire 309, back contact 3:0 of relay V3, 
front contact 3ff of relay V, winding of rela, 
|V1, to (-). 
It is believed to be unnecessary to point out 

in detail the operation of the stepping bank at 
the field station, inasmuch as the operation of 
Such stepping bank can be readily understood by 
analogy to the detail operation given with respect 
to the stepping bank in the control office. How 
ever, it should be noted that the circuit for the 
Stepping relays Wat the field station include front 
contact 304 of the relay SO, so that if such 
relay drops away at any point in a control cycle 
of Operation, the stepping operation is immedi 
ately stopped. A similar functioning of the sys 
ten occurs during an indication cycle of operation 
because at such time the front contact 3 2 of 
relay SI is included in the stepping circuit, and 
Such relay SI drops out whenever the station 
fails to be selected for transmitting indications. 
When the stepping relays V at any station fail 
to follow the impulses on the line circuit because 
of the dropping of the corresponding relay SO 
or SI, the relay WP also ceases its operation. 
The stepping operation at the field station may 

be briefly summarized by stating that the half 
step relay VP is caused to assume an opposite 
position on alternate impulse periods; while a 
stepping relay V is picked up during each suc 
ceeding 'off' period so long as a station con 
tintles to be Selected. 

STATION SELECTION 
Each of the field stations is provided with a 

station selecting relay SO and an associated re 
lay SOS. At the beginning of each control cycle 
of operation, the relays SO and SOS are picked 
up at each of the field stations during the con 
dition impulse. On each of the succeeding in 
pulses forming a part of the station selection 
code, the station selecting relay SO for each sta 
tion is selectively maintained energized or is de 
energized dependent upon whether the character 
of the impulse for such impulse period corre 
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sponds: with the position of the code jumper of 
that station-to-complete a selecting stick-circuit. 
When the station selecting relay-SO for a sta 

tion is maintained selectively energized during an 
impulse, suitable holding stick circuit.S. are pro 
wided for this relay tomaintain it energized dur 
ing the following time-space period. So that it: Will 
be ready to be selectively maintained energized or 
deenergized in accordance-with the character of 
the succeeding impulse. This. is accomplished by. 
the relay. SOS which is connected in. Series withic, 
its associated relay SCO so thatöitiis.picked up för: 
eachimpulse period and drops for each time Space 
period. But: the relay. SOS does not drop" for a 
time. Space period until after the relay.F.A. dropS. 
and thus keeps a temporary holding stick: circuit. 
closed until the relay, FA dropS. and closes...the 
regular holding. Stick circuit. 
At the... beginning. Of... a. station Selecting ine 

pulse, the: selecting...stick.circuit for relay. SO is, 
closed (that is, if the:code: jumper: corresponds. 
to the character of the impulse); before: the holde. 
ing Stick: circuit.is.opened. In other,”WOrdSthe, 
holding, sticki Circuits: for the relaySO have an:. 
Overlapping time relation. With respect to the3Ses. 
lecting stick circuit, so that the relaySO, is main 
tained energized: So-long, as the:code on the line:- 
circuit correspondsson the code'required for that. 
station as determined by the positions: of its code 
jumpers. However, if the character of anim, 
pulse-fails to correspond. With the position of ther: 
code junipers for that station, the:Selecting stick, 
circuit...for relay. SG) is not closed, and the relay: 
SOS is not picked up at the: beginning, of that. 
impulse: , Thus, the relay SQ.. is immediately. 
dropped away. Such operationa: determines...that. 

13: 
opens front contact: 72 deemergizing the relay 
ISOS: This dropping away of the relay SOS: 
opens- the temporary'stick circuit- through the 
lower" winding of the-relay SØ-from open con 
tact 176; but prior tožitheºopening of this tem 
porary sticks circuit, the regular stick: circuit for: 

10 

the-relay. SO is closed from - (-): through front. 
contact i. of relay & SB, back contact; 2 of 
relay FA, wire 83. front contact: 77 of relay. 
SO, lower winding of 'relay SO; to-(-): Thus; 
the relay: S0, is maintained energized during 
the time Space period following the initiating-or 
condition ng perod. - 

Also, the first “off” periodi-at the-end of :the: 
initiating or conditioning impulse-causes the step 
ping relay fV to be picked up opening the pick. 
up; circuit for:the relays. ISO and SOS-at-back. 
contact. DSand connecting, the first code juniper: 
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80. SO::that...it will be effective during the: Suce. 
ceeding, impulse for determinings whether the reas 
lay SO is:to remaine energized for that impulse: 

For example, if the next succeeding: impulse: 
(first...impulse of Stations, selection code) is; of: 
frequency: f.the line-responsive relay:meansilF8. 
pickS: up and closes: a selecting stick circuit from 
(--).through: a. circuit.includingi front.contact; 
82 of relay: SO; wire 83 front: contact 63 of: 
relay E, back contact. 64 of: relay E wire 
65, back contact 66 of relay; IV, backs contact, 

30 

35 

such station, will not be, selected for that con 
trol, cycle of operation. . . 

As, above explained, the station, Selecting.code: 
is of the exponential type-commonly known as the 
Boudot. Code. Thus, at the beginning; of the oper.-- 
ating cycle all of the station selecting relays. 
SO are picked up, then on the first impulse of 
the station.selecting portion.of the code, the sta 
tion. Selecting...relayS.S.O. at...one-half of the sta 
tions are maintained selectively, energized in ac 
Cordance. Withi. the character. of such impulse, 
While at the other half of the. stations the re 
lays SO are dropped away. On the next succeed 
ing. Station selecting impulse. one-half of those 
stations which were selected on the preceding, 
impulse have their station selecting relays, SO 
maintained energized in accordance with the: 
character of such impulse, while the other half 
of Such. Stations have their station: selecting re 
layS SO dropped away. This selection continues: 
dividing the number of stations, remaining on. 
any. preceding impulse... in half... until only one 
Station- remains selected on the last station se 
lecting impulse. 

It is believed that this.station selecting oper 
ation will be best, understood by giving further 
description from the standpoint of the detail op 
eration. With respect to the typical field station 
ShoWn in FigS. 4A and 4.B. 

It was pointed out. above, how, the relays. SO 
and SOS, are picked up during the condition 
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| 67 of relay". V, back;contact (68; oft-relay: V3; 
back contact 69 of relay::Wifront contact: Ti. 
of relay V', codesjumper 80 windings of relay: 
SOS, Windings of relaySQ;...to (-). This set. 

lecting Stick circuit, is: closed for the relays: ISQ. 
and SOS:throughout the impulse:period so that: 
upon-they dropping away of the relay: F.A. at the 
end of Such impulse period, a holdingsticki-cir 
cuitis-closed for the relay. ISO from (+), and in 
cluding, front contact fill of relay: ISB, back cont. 
tact-72 of relay. FA, wire 83 front;contact T. 
of relay SO, Iower winding of relay so, to: (-). 

It is noted that the dropping of...the-relay. EA 
for the Second "off period-causes, its contact. 72 
to shift from its front-point to its backpoint open. 
ing the -stick circuit for relay: SOS including 
front; contact: 74. But the stick circuit for the 
relay. SO including front, contact. 76 of... the 
relay SOS is closed while the relay, Sosis:drop 
ping. away, which bridges.the-shifting time of, 
contact... Í 72 of Irelay, IFA from: afront pointito, 
its back point.So...that the holding, stick circuit. 
juSt. pointed out...for the relay. ISO. including 
back contact 72 and front.contact III.isclosed 
Without a momentary, deemergization of the re 
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ing period through a pick-up circuit. and then 
transferred to holding stick, circuits for the re 
mainder of the. Conditioning period in readiness, 
for the cycle of Operation to pass into the first, 
time space period of the cycle. 
More Specifically, the deenergization of the line 

circuit at the end of the conditioning period. is. 
repeated by the dropping of the relay FA which 
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slay SO, 
This second deemergization of the line circuit. 

also effects, the picking up of the second stepping 
relay. V, conditioning the circuits for these 
lection of the ISO relay, in accordance with the... 
frequency received on the...next succeeding Sta 
?ion selecting impulse. ... . . . . . 

Before pointing out... the operation for the 
Second station Selecting, impulse, it is desired to 
point out that if the first station selecting impulse. 
after the initiating impulse had been of afre. 
quency, fº. the relay. ISO: would not have, sus. 
ining energy during the impulse, period with 

the Code jumper 80 in...its position, as shown in 
Fig. 4BSO.that the relay, SO would have dropped. 
out opening its contact. 182, and inasmuch as the 
contact 62 of relay. SB...is open, no further. 
energization for the relay SO could occur dur. 
ing. the remainder. of the operating.cycle. . . . 

It may also be dèsirabilè tó point out theselect 
ing Stick circuit for the relay (Sb if the code 
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jumper were positioned to render the station re 
sponsive to a code having the frequency f2 for 
the first station selecting code impulse. More 
specifically, the selecting Stick, circuit could then 
be closed (providing such impulse is of the fre 
quency f2) from (--), through a circuit including 
front contact 82 of relay SO, wire 83, back 
contact 63 of relay F, front contact 84 of 
relay F2, wire 85, back contact 86 of relay 
fLW, back contact i ST of relay V4, back contact 
88 of relay V3, back contact A39 of relay W2, 

front contact 90 of relay V, through jumper 
80 in its dotted position, Winding of relay SOS, 

winding of relay SO, to (-). 
To continue the operation of the control cycle, 

the application of the second station selecting 
impulse of a frequency f. causes the selecting 
Stick circuit of the relay SO to be closed through 
front contact 69 of relay V2 and code jumper 
98. Thus, the station selecting relay SO at 

this typical field station is selected during the 
second impulse and is naintained energized dur 
ing the third 'off' period until the next station 
selecting impulse. It is believed unnecessary to 
point out the holding stick Circuits for the relay 
SO which are closed during the third 'off' period 
as these are the same as previously pointed out. 

However, it might be well to note that if the 
Second station Selecting in pulse should be of a 
frequency f2, there would be no energization of 
the selecting stick circuit for the relay SO be 
cause the code jumper 98 is in a position requir 
ing an impulse of the frequency f. Of course 
the code jumper 98 could be placed in its lower 
position to make this station responsive to a 
second station selecting impulse of the frequency 
f2, if desired. 
During the third 'off' period, the third stepping 

relay V3 is picked up preparing the selecting 
stick circuit for the relay SO by closing front 
contact 68. ? 
When the third station Selecting impulse of a 

frequency f1 is applied to the line circuit and re 
peated by the relay F1, the selecting stick circuit 
for the relay. ISO is closed through front contact 
68 of relay V3, and code jumper 99. It is of 

course understood, that if the third code impulse 
should be of the frequency f, then the relay SO 
would be dropped away because the code jumper 
199 is not in a position to allow the station to be 
selected for that character of impulse. 
When the last station selecting impulse has 

been effective to determine whether or not the 
station is to be selected, the next "off' period 
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2,368,826. 
ping relay W picks up and closes a permanent 
stick circuit which is maintained closed through 
out the remainder of the control cycle, if the con 
trol codes are properly received. More specifi 
cally, when the stepping relay W. picks up, a stick 
circuit is closed from (--), through a circuit in 
cluding front contact 7 of relay SB, wire 15, 
front contact 9 of relay W4, back contact 92 
of relay LV, wire 93, back contacts 94 and 95 
of relays F1 and F2, respectively, in multiple, 
Wire 83, front contact 77 of relay SO, lower 
Winding of relay SO, to (-). 
This stick circuit includes these contacts 94. 

and 95 of the relays F1 and F so that if some 
failure should occur in the code receiving appa 
ratus So as to improperly distinguish betWeen 
the frequencies f and f, in Such a Way as to 
permit both of the relays Fland F2 to be picked 
up at the same time, when the relay SO. would 
be dropped away so that the field station Would 
stop its Operation although the control office 
would continue throughout the remainder of that 
operating cycle. This continuance of the Opera 
tion of the control office, of course, accomplishes 
no useful purpose. 

It will be noted that this check against “cross 
fire” between the frequencies on the line respon 
Sive means is effective during an impulse period 
only after the line circuit conditions have had a 
chance to settle down or stabilize after the ini 
tial application of that impulse at the Control 
office. This is because energy is applied to the 
Stick circuit of the relay SO through front con 
tact 7 of relay SB and back contact 72 of 
relay FA until the relay FA. picks up following 
the response of the line responsive relays. In 
other words, the pick-up time of the relay FA 
is sufficient for the line circuit stabilization and 
if more than one of the line responsive relays 
F1 and F is then picked up when relay FA 

is picked up, the relay SO is immediately dropped 
a Way. 
Attention may now be called to the fact that 

a similar check is provided during the station 
selecting portion of the operating cycle as well 
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of the control code causes the next Successive 
stepping relay to be picked up (which in this case 
is the relay V4). During the last station Se 
lecting impulse period the relay SO is of course 
maintained energized in accordance With whether 6 
or not the character of the impulse corresponds 
to the station code call, and as soon as the 'off' 
period occurs, the relay SO is maintained ener 
gized over its temporary stick circuit including 
front contact 77 of relay SO and contact 76 
of relay SOS, but as soon as the relay IFA 
drops away and closes its back contact 72, the 
relay SO receives energy over its regular hold 
ing circuit including the wire 83 and stick con 
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tact 77. In other words, during this "off' period. 70 
the relay SO is maintained energized over the 
same stick circuit as during each of the preceding 
“off’ periods. , 

However, during this 'off' period immediately 
following the station selecting impulses, the step 

as during the control portion of the operating 
cycle described above. More specifically, the 
holding stick circuit for the relay SO is not 
opened upon the application of a station select 
ing impulse to render the relay SO dependent 
upon the correspondence between the frequency 
of that impulse and the frequency required to 
Select that station as determined by the posi 
tion of the code jumper for that step, until the 
relay FA picks up opening back contact 72. 
But at the time that back contact 12 is opened, 
only one of , the line responsive relays can be 
picked up without opening the selecting stick 
circuit for the relay SO. For example, if the 
station code call requires an impulse of the fre 
quency f1 for that particular step, then the back 
contact 64 of the relay F2 must be closed in 
Order for energy to be applied to the wire 65 
included in the selecting stick circuit for the re 
lay SO. On the other hand, if the station 
code requires an impulse of the frequency f2 for 
that particular step, then the relay F must be 
dropped away closing back contact. 63 in order 
for energy to be applied through front contact 
84 of the line responsive relay F2 to the Wire 
185 included in the Selecting stick circuit for the 
Station selecting relay SO, 
Thus, it can be seen from the above description 

that any “cross-fire' or failure of the code im 
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pulse line responsive relay means after a cer 
tain period of stabilization resulting in the picked 
up condition of both line responsive relay means, 
positively prevents that station from being 
selected in response to its code or any other code. 

In actual practice Several steps would be taken 
s for the reception of the controls instead of just 

the one step V4 shown in the present disclosure. 
In such a case, it should be understood that 
there will be contacts, such as front contact 9 
of the relay V, on each of such of the addi 
tional stepping relays, which are in multiple with 
the contact f9 so that as the stepping progresses 
the stick circuit is maintained closed although 
certain of the stepping relays are dropped away. 
This special or permanent stick circuit, so called, 
is provided for holding the relay SO during the 
control receiving, portion of the cycle and is not 
opened until the last stepping relay, such as re 
lay fLW, picks up and opens its back contact 192 
which of course occurs at the , end of the operat 
ing cycle. 

RECEPTION OF CONTROLS: 

ASSunning that the station selecting code has 
selected the typical field station of Figs. 4A and 
4B, and that the station selecting relay SO 
has been maintained picked up, then on the suic 
ceeding steps the controls will be registered. For 
the sake of simplicity, the disclosure shows only 
a single step and this step provides for the con 
trol of the relay SMR, for example. If the 
lever SML in the office is in a normal position. 
then the frequency transmitted is f which is 
repeated by the line relay Flat the field station 
closing a circuit during the impulse period fol 
lowing the picking up of the stepping relay V, 
from (+), through a circuit including front con 
tact 82 of relay SO, wire 83, front contact 63 
of relay, Fl, back contact 64 of relay F2, wire 
65, back contact 66 of relay. LV, front con 

tact 67 of relay V, through the upper wind 
ing of the relay SMR, to (-). The energy 
which flows in this circuit causes the polar con 
tacts of the relay SMER to be , actuated to the 
right and control, the switch machine SM to its 
normal position by an obvious circuit. 
On the other hand, if the frequency f2 is trans 

mitted because of the lever. ÍSML in a reverse 
position, then the lower winding of the relay . 
iSMR is energized by a circuit closed from (--), 
and including front contact 82 of relay SO, 
wire 83, back contact 63 of relay, Fl, front 
contact 84 of relay IF, wire 85, back, contact 
86 of relay LV, front contact 87 of relay V4, 
lower winding df relay SMR, to (-). The energy 
which flows in this circuit causes the polar con 
tact. 96 to be actuated to a left-hand position 
for controlling the switch machine SM to a re 
verse position. : 
A. similar operation would occur during each 

succeeding control impulse period for as many 
steps as may be required, it being understood 
that following each inpulse a Stepping relay is 
picked up. For the sake of simplicity in the 
present disclosure, the next stepping relay picked 
upis the last stepping relasy IV. ii ThüS, when the 
relay LW is picked up, the back contacts 66 
and 86 open all possible flow of energy to control 
circuits while the back contact 92 opens the , 
permanentistick circuit for the relay SO. 
The present disclosure has been simplified in 

the reception-of controls, but it is to be under 
stood that it may be employed with some suitable 

- O 

5 

3, 

35, 

40 

50 

55 

60 

65 

70. 

5. 

method of registration of the character of the 
control impulses followed by the execution of 
such stored characters at the end of an operat, 
ing eycle, such as shown for example: in the 
prior Patent No. 2,159,922 dated May 23, 1939 
granted to R. F. Wells. Inasmuch as all such. 
features of control execution form no part of the 
present invention, that have been omitted al 
though in practice such features would probably 
be employed. 

END of CoNTRol, CYCLE AT FIELD STATION 
As above described, the last impulse of the con 

trol, cycle is effective to position a control relay. 
through front contacts of the fourth stepping re 
lay. V4, but the termination of such impulse 
marks the beginning. of a deemergized period on 
the line circuit conveniently termed the clear 
out period. This causes the deenergization of 
the relays lFA, í SA and ISB in sequence, but 
the dropping of the relay. FA of course, causes 
the picking up of the last stepping relay IV 
before the relay SB drops away. 
The last stepping relay LV together with the 

preceding stepping relay is dropped away when 
the front contact 308 of relay. SB is opened. 

It is noted that when the relay. LV is picked 
up that the relay SO is dropped away. by reason 
of the opening of back contact f 92 which causes 
the removal of energy (--) from the wire 83. 

Even though the dropping. away of the relay 
SB during the clear-out period of deenergiza 

tion of the line circuit causes the restoration of 
the various stepping relays, selecting relays, and , 
the like, it does not energize the line condition: 
relays R and L, but merely prepares their pick 
up circuits at back contact 34. 
After the clear-Out period has existed Ön the 

line circuit for a sufficient time to permit even the 
slowest responding field station to be restored to 
normal, then the control office acts to impress an 
impulse of a distinctive frequency f2 on the line 
circuit. for the permission impulse (see Fig. 5A). . . 
This impulse has been for convenience termed a 
permission impulse and acts to restore the line. 
condition relays R and L to normally energized 
conditions. More specifically, the application of 
the permission impulse of the frequency f2 closes 
the front contact 36 of the line responsive relay 
IF completing the pick-up circuit for the relay 
fR through back contact 34 of relay SB and back 
contact 35 of relay L. The relay R picks up 
and closes its front contact 37, but inasmuch as * 
positive energy is applied to both terminals of 
the L, it cannot pick up. At the end of the per 
mission impulse when the front contact 36 of re 
lay F is opened, the relay L. immediately picks 
up in series with the stick circuit of the relay R. 
including front contact 3. 

It can now be seen that the front contact 6 
of relay L is not closed until the end of the per 
mission impulse. During the permission impulse, 
the front contacts 58 and 59 of relays SA and 
SB respectively, are open so that the closure of 
the front contact GO of the line responsive relay 
iF can in no way cause the energization of the 
relay FA. In other words, the presence of a per 
mission impulse should not and does not cause 
any stepping operation. 
However, after the cessation of the permission 

impulse, the presence of an initiating impulse of 
the frequency f2 for the initiation of an indica 
tion cycle of operation, must be able to cause the 
response of the relay FA upon the closure of 
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front contact 60 so that the field Station Will 
properly respond to the initiation of such indica 
tion cycle of operation. Thus, the cessation of 
the permission impulse and the picking up of the 
relay L to close front contact 6 effects the 
proper conditioning of the relay íFA so that it, 
is in readiness for the initiation of an indication 
cycle of operation. The relay L. in picking up 
also conditions the field station. So that it can 
initiate an indication cycle of operation by 
placing a start impulse of the frequency f2 on the 
line circuit, as will be described in detail herein 
after. NA 

If several control cycles of operation are re 
quired to . transmit the new controls to various 
field stations, then the permission impulse is not 
placed on the line circuit (see Fig. 5B) so that the 
line.condition relays R and I remain deemergized 
throughout succession of control cycles. This 
prevents all of the field stations from applying 
a starting pulse to the line circuit should one or 
more of the field stations have new indications 
ready for transmission. Obviously, this makes 
the control office superior to the field stations SO 
that controls may be transmitted continuously 
if necesSary. 
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The clear-out period is made sufficiently long, 
as above mentioned, by causing the relay SB at 
the control office (see Fig. 3B) to be slower in 
releasing than the relay SB at the field stations, 
and also by the use of an additional cycle mark 
ing the relay SC that does not have a correspond 
ing counter-part at the field stations. When the 
relay SA in the control office drops away at the 
end of a control cycle and opens its contact 74, 
the control office start relay C is released in readi-, 
ness for another control cycle to be initiated as 
soon as the relay SB closes its back contacts. If 
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a new control is standing ready to be transmitted 
as soon as the ensuing control cycle of Operation 
ceases, the control office start relay C will be 
picked up opening a back contact 53 prior to the 
dropping away of relay SC closing its back con 
tact t5i. This prevents a permission impulse 
from being applied to the line circuit, and allows 
the control office to transmit a succeeding Con 
trol cycle of operation. 
Thus, if there are new controls to be trans 

mitted to several field stations, the system is so 
organized that as many control cycles will occur 
in succession as required to transmit such new 
controls without interruption or interference from 
any field-station although it may have indications 
standing ready to be transmitted. 

INDICATION CoNDITIONs 
Assuming that a permission pulse has been ap 

plied to the line circuit, then all field stations are 
in condition to transmit indications if a change 
occurs in any of their indication contacts. For 
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convenience in the present disclosure, a track re 
lay T and a signal-at-stop relay M have been 
shown as representative of various indication 
conditions which it may be desired to have trans 
mitted to the control office. If any of these indi 
cation conditions are so transitory as to appear 
and then disappear before a cycle of operation 
can be initiated for the selection and transmis 
sion from its station, then storage means may be 
employed. But all such means have been 
omitted, it being understood that they may con 
trol the system of the present invention in a man 
ner typically shown in connection. With the track 
relay T, or the signals at stop relay M. . . 
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AUTOMATIC START 

Let us assume that the track relay T drops 
away, for example, then the movement of contact 
27 from a front point to a back point causes the 
momentary opening of the stick circuit for the re 
lay CH which immediately drops away. 
With the one relay CH deenergized, a pick-up 

circuit is closed for its change repeating relay 
|CHP if the system is not in a cycle of opera 
tion for either controls or indications. If the 
system is in operation, then the relay CH mere 
ly remains deemergized until the System returns 
to a normal-at-rest condition, at which time a 
circuit is closed for picking up the relay foHP 
from (--), through a circuit including back con 
tact 200 of relay F, back contact 20 of relay 
SB, back contact 2 fl of relay FA, front con 

tact 202 of relay fTC, back contact 203 of relay 
TCP, winding of relay CHP, wire 204, back 
contact 205 of relay CH, to (-). It will be 
noted, that the relay CHP at any station can 
not be picked up during the clear-out period 
when relay SB drops away, because relays TC 
and TCP are deenergized during a control cycle 
and during an indication cycle when their sta 
tion is not transmitting, and these relays are not 
again picked up until a period of rest has ex 
isted for a substantial time. This delay is not 
particularly significant at this time, but will be 
described in detail in connection with indica 
tion cycle distribution. 
As soon as the relay CHP picks up, it closes 

front contact 206 to apply negative energy (-) 
to its right-hand terminal so that the restora 
tion of the change relay CH does not interrupt 
the supply of negative energy (-) to such ter 
minal. Also, the picking up of the relay CHP 
closes a stick circuit for such relay from (--), 
through back contact 207 of relay SA, back con 
tact 208 of relay SI and back contact 209 of re 
lay LV in multiple, through front contact 20 
of relay CHP, back contact 2 f of relay FA, 
front contact 202 of relay TC, back contact 203 
of relay TCP, winding of the relay CHP, front 
contact 206 of relay focFIP, to (-). w 
Immediately upon the picking up of the relay 
CHP, a restoration circuit is closed for the relay 
CH from (--), through a circuit including front 
contact, 22 of relay R, front contact 23 of re 
lay CHP, wire 2 4, upper winding of relay CH, 
to (-). As soon as the relay CH is again en 
ergized, it closes its front contact 39 So that it 
is again maintained Stuck up through the circuit 
which may be momentarily broken when new in 
dication conditions occur. 
As soon as the relay CHP picks up, a pick-up 

circuit is closed for the transmitting relay T2 
from (+), through a circuit including back con 
tact 215 of relay F2, back contact 2? 6 of relay 
F, front contact 27 of relay R, front contact 

218 of relay L, front contact 29 of relay CHP, 
front contact 220 of relay TC, windings of relay 
T2, to (-). 
The picking up of the transmitting relay T2 

causes a starting or initiating impulse of a fre 
quency f' to be impressed on the line circuit. 
With reference to Fig. 2B, it will be be seen that 
the closure of front contact 22 of relay T2 
closes a circuit through back contact 222 of re 
lay FA to energize the frequency generator “fa 
Gen.' This application of a starting impulse to 
the line circuit acts to initiate the control office 
as will be presently described in detail. 

Before considering such detail operation in 
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the control office with regard to the initiation of 
an indication cycle: of operation; it is: desired to 
point out the Sequences of Operation at the field. 
station. However, it can be noted at this time 
that immediately upon: the application of the 
starting impulse of frequency" f2° to the line ciri 
cuit at the field station as above described, the 
line responsive relays F and F at the control 
office and at... the field' station pick up at sub 
stantially the same time. The relay E in the 
control office immediately causes the frequency. 
generator unit “f-Gen' to apply: the: frequency 
f2 to the line circuit, even, before the control of 
fice is initiated into a cycle of operation (see 
Fig. 2A, for the . circuit and Fig. 5C for chart of 
operation). This is because of at circuit closed. 
from the right-hand terminal of the frequency 
generator unit 'f-Gen.' through ai circuit in 

relay (L, is shunted so that thie dirop 
() 
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cluding fronti contact. 230 ofrelay F2,-back con-, 
tact. 23f of relay F, front contact 232 of relay 
L, back contact. 233;of relay, SC, back contact. 234 
of relay. EP, to the left-hand terminal of the free 
quency generator'f-Gen. 
At the field station, the picking; up of the re 

lay F opens: the initial pick-up, circuit of the 
transmitter relay. T2 at-back contact. 215, but 
the transmitter-relay. T2 is maintained:energized. 
by a stick-circuit closed fron (-), through a cir-i 
cuit including: front contact. 223 of relay TC, 
front contact. 2243 of relay. T2, back contact. 235' 
of relay: SB; fronti contact 220. of relay, TC, . 
windings of relay: TI?, to (--). - Thus; the trans 
mitter relay. T2 remains picked up and contine 
ues to apply energy of the frequency f2 to the line 
circuit until-the-line repeater relay fRA is picked 
up opening its back contact 2225. But by this 
time the control: office has applied the conditione: 
ing. impulse energy. So that the line responsive. 
relayS F?” remain energized: . Thê.. continued en-. . 
ergization of the relay F maintains relay. FA: 
steadily energized. 
The timing relay TC, under propers operation, 

is maintainedienergized by reason of a stick-cir-i 
cuit closed from (+), through a circuit includ 
ing front contact 223 of relay." TC, front contact. 
22T of line responsive relay. F., front contact. 228: 
of: relay. T2, front contact, 226 of relay: CHP, 
windings of relay TC, to (-). It is noted thatë, 
this stick circuit' for the relay. TC is closed de-: 
pendent upon...the picking up of the line respon 
sive relay Fr2. 
This serves to checks: the integrity of the fire 

quency generator and other transmitting appa 
ratus: at the fieldstation, because: if such trans-i 
mitting. apparatus should fail to place; a starting 
impulse of frequency if on the line circuit, then , 
the relay: F2 would not be picked up and the re 
lay TC would drop away aftermeasuring off its 
release period. This, of course, assumes that no 
other station is placing a startpulse... on the line 
circuit. In the event... that some other station 
was also placing a start pulse on the line circuit. 
at the same time as this failingistation, then in 
effect there is no failure: to start the system.into 
operation and this relay."ITC at the station hav 
ing a poor or failing:transmitter" does not drop } 
out: until that point in the cycle at , which the: 
frequency which should be transmitted by it, is 
not transmitted by...any otherstation... In other 
words, the relay TC.not only checkS:the proper: 
operation of the transmitters for the start pulse 
but also acts; throughout the cycle of operation: 
as Will be presently described. . 
Assuming: that the system operates: properly: 
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relay L. The picking up of relay FA of 

, L, fröntº contact 238 of relay CHP wire 2 

ing ofr?tay) i Sto (—). 

17 
tiated*intoia cycleºof operation?in the usual *mian 
rier. More specifieally, the picking up of the 
relay F2 closes its front contact. 160 to ener. 
gize" the relay IFA-thröügh fröht” còn 6 of 

course 
causes the relays' SA and SB to pick up in 
sequence; and as socóri asis thë front c?ntact f58 
of relay. SA is closed the front contact 46 of . 

? ng of such 
relay' Liupon the picking up of relay. SB does. 
not in any way affect thei control of the relay 
|FA-by the relay. F2: The relay SB; of course, . 
coses cölritact: 59?te i alšöš süpplement the shunt 
iñgi of cortact. 16 f. , ??? ??? 
As soon as-the relay F picks up in response 

to the starting impulse, it closes a pick-up cir 
cuit. för: thë station: selëcting relay I SI from: 
(-1); through a circuit, including back contact 
(62 of relay, SB; back contact 63 of relay F, 
front contact: 844 of relay IF; wire f85; back: 
contaet 186 of relay IV, back: contact 8. of 
relay va, back contact. 88 of relay V8, back: 
contact: 89 of relay. V2, back contact. 90 of: 
relay, (V1; wire: 236, front contact. 237 of relay 

baek contact .240 of relay; SO; back contact. 24. 
of relay VI, back contact: 242.Éof relay (V, back 
contact 243 of relay V3, back-contact:244 of relay: 
f V4 back contact:245 of relay IV, upper wind 

is As soon as the relay. SI is picked up; it closes 
frönticontact 2465to complete a stickcircýúit fromi 
(+), through a circuit including front cont?ct 
246 of relay. Si back contact',240 of relay ISO, 

:; back: contact, 24 of reláyŽ IV. back contact 242 Crènày, v?, backcontae 23 of relayvback 
contact. 244í óf reiay - V4, back, contact: 245 of 

· relay: LV, upper winding of relay SI, to: ( -). 
4. 

ingi sticki circú 
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offieë to-applystfie-conditioning impulis 
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0. 

5 opensi.its: back: contact'. 255: 

This-sticki circuit maintains the relay: ISI:emërsi 
gized until the first stepping-relay is picked up. 
during the first “off” period at which time a hold: 

S.r.ldseidi throug ack contact 
Thišºholding stickicircuit osed 

when relayº IFA 
:render; the relay 

SI dependènt forsenergizationá-upon the'firstësta *: : 
tion selecting jumper, if the frequency of the first 
impulse: agrees: with thes, code' assigned to thie: 

ofgrelay #[FA#: .. ". 
unti: theifi?sts impulšel perio 

pplication of the start'pulse-to-the-line 
circuit by the field station causes 
att?ly así above-merationed; but this coñditioning 
impulse is prolonged-in accordance with thes 
length of impulse that is usually required-for-con 
ditioning the various relays in the contr 
as will be hereinafter pointed out bt 

* *** ?* i timëthatët 

spöhdingfieldistati ?- 
of operation. Thus; the conditioning impulse will 
continue ito maintain the relay Fa'picked'upi 
even after the relay. SB has operhea, it ?e 
????ct 235 and released the transmitter relay 
When-the-transmitter 

away, a 'stick circuit for 
relay. Thas dropped 
heº relayº TfCº iš clösedª 

from (+), througha circtitincluding front con 
tact 223-of-relay. ITC, back-contact-224 of relay 
Tº, bagk contact 225 of relay Ti, front contact. 226 of relay. CHP; windings of 'relay ITC, 
(-). Thus, this stick c 
can be considered it 

  



18 
the end of the conditioning period opening its 
contact 227 included in the previously described 
stick circuit for the relay TC. 
This stick circuit for the relay TC is closed 

during each of the 'off' periods throughout the 
ensuing indication cycle of operation, assuming, 
of course, that this station properly transmits its 
indication impulses. It was pointed out above, 
that the stick circuit for the relay ITC (includ 
ing the contact 227 of the relay F2) provided a 
check on the operation of the frequency genera 
tor unit “f2-Gen.' by allowing the relay TC to 
drop away if such impulse is not impressed upon 
the line circuit to which the line responsive relay 
F can respond, or if the line responsive relay 
fF should fail to respond due to a failure in its 
amplifier unit. The same condition is, of course, 
true for impulses of the frequency fi because 
for such impulses the stick circuit for relay TC 
includes front contact 34 while the correspond 
ing impulse of the frequency f. is being impressed 
on the line circuit. Thus, if the relay TC drops 
out during an impulse period, this holdover stick 
circuit above described as including back contacts 
224 and 225 of the relays Ti and T will, of 
course, not be closed on the following “off’ period. 
These checking features will be discussed more 
in detail hereinafter. 
With the relay FA picked up during the con 

ditioning period, the relay fWP is picked up as 
Soon as the relay SB responds to the condi 
tioning impulse and is thus in readiness for the 
picking tip of the first stepping relay during the 
"off' period following the conditioning impulse. 
The release of the relay FA at the end of the 

conditioning impulse closes a holding stick circuit 
for the relay SI from (-+-), through a circuit in 
cluding front contact 250 of relay SB, wire 25, 
front contact 253 of relay SI, Wire 254, back con 
tact 255 of relay FA, wire 256, front contact 257 
of Irelay SI, lower Winding of relay SI, to (-). 
The apparatus at the field Station is thus pre 

pared for the indication cycle of operation during 
the conditioning impulse period. Before consid 
ering how the different frequencies are capable of 
selecting or rejecting the station selecting relay 
SI in accordance with the code assigned to the 

station, it is thought expedient to point out the 
manner in which the station Selects the differ 
ent frequencies to be placed on the line circuit 
at the field station and how these frequencies are 
impressed on the line circuit in accordance with 
the impulsing operation at the field station in 
stead of at the control office. 

FREQUENCY SELECTION FOR INDICATION CODEs 

As previously mentioned, there are two trans 
mitter relays at the field station, namely, relays 
fT and T2 for respectively transmitting impulses 
of frequencies f1 and f2. With reference to Fig. 
2B, it will be seen that the picking up of the relay 
Ti closes front contact 258 to energize the in 
pulse frequency generator "fl-Gen.' through a 
circuit also including the back contact 222 of 
relay FA. s . . . . . 
On the other hand, if the transmitter relay T. 

is picked up for an impulse, then the closure of 
its front contact. 22 energizes the impulse fre 
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quency generator “f-Gen.' through a circuit also 
including back contact 222 of relay FA. 

Extending from these relays f T and T2 are 
bus wires 260 and 26 (see Fig. 4A), to which the 
code jumpers for the field station as well as the 
indication contacts selectively apply energy to 
effect the energization of the transmitter relays 
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75 
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in accordance with the frequency desired to be 
transmitted for the various impulses, of an indi 
cation cycle of operation. - . . 

For convenience in the consideration of the 
manner in which the system operates in accord 
ance with the principle of code superiority, the 
station code call No. 3 of the typical code table 
has been assigned to this station No. 1, although 
any other code-night be assigned to the station. 
Ordinarily, it is probably preferable to assign the 
codes in the order of the Stations. . . 
More specifically, the code, No. 3 assigned to 

this station requires three station registering im 
pulses of frequencies fi, f. and fl. Thus, the code 
jumpers 62, 63 and 64 are positioned as shown 
in the drawingS (see Fig. 4B). 
When the first stepping relay fW is picked up 

during the first 'off' period following the condi 
tioning period (see chart of Fig. 5C and drawings 
of Figs. 4A and 4B), then energy can be applied 
to the bus 260 for energizing the transmitter 
relay Ti assoon as the impulsing relay Epicks 
up by reason of a circuit closed from (+), 
through a circuit including front contact 207 of 
relay ISA, front contact 265 of relay E, front 
contact 266 of relay, TC, wire 267, front contact 
268 of relay SI, back contact 269 of relay LV, 
back contact 270 of relay V, back contact 2. 
of relay. iV3, back contact. 272 of relay V2, front 
contact 273 of relay V, jumper 62 to the bus 
260 for energizing the transmitter relay T. 
This, of course, causes an impulse of the fre 
quency f1 to be applied to the line circuit which 
is of a duration determined in accordance with 
the impulsing characteristics of relay fE: aS Will 
be presently described. It is sufficient for the 
present to note that the impulse is terminated 
and during the following "off' period, the next 
stepping relay is picked up so as to close front 
contact. 272 and connect the code jumper f63 
to the bus 26 to cause the following impulse to 
be of the frequency f. The circuit for this is 
obvious and will not be pointed out in detail. 

Following the application of the Second im 
pulse, the third stepping relay W3 is picked up 
closing front contact 27f So as to connect the 
code jumper 64 to the bus 260 in readiness to 
cause the next impulse to be of the frequency f1 
as soon as the circuit is completed at contact 265 
of the relay E which determines the impulsing 
timing characteristics at the station. ' ' 

After the third impulse, the following 'off' 
period causes the stepping relayº Í V4 to be picked 
up which completes a circuit to energize either 
the buS 260 or 26 in accordance with the po 
Sition of the indication contact 274 in a similar 
manner as that pointed out for the code jumpers. 
After Such impulse has been applied to the line 
circuit for a time period determined by the im 
pulsing characteristics of the station, then the 
following 'off' period occurs which causes the \ 
last stepping relay IV to be picked up opening 
back contact. 269 to disconnect all energy from 
the bus 260 and 26 . In this manner impulses 
of various frequencies... are applied to the line 
circuit for each indication cycle of operation in 
which this station is effectively registered in the 
control office. It Will be noted that if the code 
fails to select the station on any particular im 
pulse then the relay SI is dropped away, as will 
be presently explained, which opens front con 
tact. 268 and prevents the energization of the 
transmitter relays on any of the following steps 
of the cycle of operation, but assuming that the 
station is selected the complete cycle causes the 

  



2,868,826 
complete operation of this field station and the 
transmission of the indication pulses after the 
station has been selected in accordance with the 
position of the indication contacts. 

IMPULSING OPERATION AT FIELD STATION 
At the termination of the conditioning period 

which is measured by the control office, the re 
lease of the relay FA causes the picking up of the 
stepping relay W. This completes an energiz 
ing circuit for the relay, E. (see Figs. 4A and 4B) 
from (+), through a circuit including front con 
tact 275 of relay (SI, back contact 276 of relay 
LV, back contact 277 of relay IV, back contact 
278 of relay V3, back contact 279 of relay V, 
front contact 280 of relay V, front contact 281 
of relay. VP, wire 282, winding of relay E, 
to (-). Wk 
As soon as the relay E picks up, it closes its 

front contact. 265 to complete the energizing cir 
cuit for the particular transmitter relay IT or 
fT2 as the case may be for the particular sta 
tion code to be transmitted. This, of course, as 
sumes that the relay SI was picked up during 
the conditioning period as above pointed out and . 
was maintained energized during the “off” pe 
riod following the conditioning period in a man 
ner also pointed out. This is necessary because 
front contact 268 of relay SI is included in the 
transmitting circuit just described for the trans 
mitter relays T1 and T. The impulse is, of 
course, impressed upon the line circuit and is 
repeated by the particular line responsive relay 
Fi or F2 in accordance with the particular 
frequency of that impulse. As soon as such in 
pulse is repeated, the relay FA is energized ir 
respective of the character of the impulse and 
"thereby immediately opens the circuit at back 
contact 222 for the particular frequency gen 
erator then selected (see Fig. 2B). 

However, before this happens (i.e., before the 
field station can terminate this first impulse), 
the control office impresses on the line circuit an 
impulse corresponding in frequency to the char 
acter of the impulse impressed by the field sta 
tion, unless two field stations are transmitting 
and each station puts on the line circuit a differ 
ent frequency, in which case the control office 
impresses the superior frequency as, for example, 
frequency f. This will be described in detail 
hereinafter, but for the present it is sufficient to note that this frequency impulse is applied by the 
control office and is repeated by the field station 
so as to continue the energization of the relay 
.F.A. without interruption although the field sta 
tion has withdrawn. ? ? ? 

In brief, the field station impresses an impulse 
on the line circuit, and immediately upon the 
reception of this impulse in the control office, the 
apparatus in the control office acts to impress 
an impulse of the same frequency on the line 
circuit (see Fig. 5C). Even though the field 
station withdraws its impulse before the full im. 
pulse period has elapsed, its impulse is sufficiently 
long to overlap with the impulse applied by the 
control Office. ??? ? 

. As the impulse applied by the control office 
continues slightly longer than the impulse period 
as is measured in the field station by the re 
sponse of the relay E in dropping away upon 
the shifting of the relay VP, it will be seen that 
the control office impulse is effective to continue 
the energization of relay FA by reason of the 
picked up condition of the particular line re 
sponsive relay Fi or F. ... Thus, the field station 
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On the other hand, if 
at the field station should happen to become 
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"cannot take the next step until the relay. FA 
is released upon the cessation Of the impulse ap 
plied by the control office. . . . . . · · 

the impulsing relay fB 

slower in responding than the control office, that 
is, if the control office impulse ceases before the 
relay if E releases, then the field station is pro 
vided with means to prevent such field station 

I taking the next step until the impulsing relay 
IE at the field station has assumed a proper po 
Sition. . . . , , , , 

More specifically, the present invention , pro- i 
vides that regardless of the fact that the impulse 
may be terminated at the control office, the field 
station does not release its relay fifA (while it 
is still transmitting and has a chance of being 
the selected station) until the station has timed 
the impulse period in accordance with its step 
ping operation and the operation of its impulsing 
relay E. This is accomplished by providing a 
stick circuit for the relay FA closed from C-H), 
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including front contact 283 of Irelay - SI, wire 
284, front contact 285 of relay íE, front contact 
286 of relay SB, front contact 287 of relay FA, 
windings of relay FA, to (-). 
From the above it Will be seen that the Icelay 
E. determines the impulse timing of the field 

station and this relay E is in turn controlled by 
the stepping relays. V, V, etc., in a similar 
manner as the relay E in combination with the 
stepping relays determines the impulse timing in 
the Office.,..., 
I. We can consider the impulse cycle at the field 
station by considering the following sequences. 
The picking up of the relay FA in response to an 
impulse, causes the shifting of the contacts of 
the relay VP, to new positions, which in turn 
'deenergizes the relay E. The dropping away of 
the relay E terminates the impulse period at the 
field station (dependent, of course, upon the con 
trol office having removed its impulse energy), 
and permits the relay FA. to drop away and 
cause the next stepping relay V to be picked up, 
which in turn, causes the energization of the re 
lay E to terminate the “off'... period. This se 
cquence of events has been indicated in the chart 
of Fig. 5C for an indication cycle of operation. 
In this, chart no specific times of operation have 
been indicated, because such times would vary in 
practice. This chart merely shows the relative 
sequences to indicate that the stepping relays and 
the E relay are picked up during the “off's peri 
ods, as indicated by the arrows adjacent their 
reference designations, and that the half-step 
relay VP and the impulsing relay E assume de 
energized positions during each of the impulse 
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periods as indicated by the arrows adjacent their 
reference designations. . . . 

In the first impulse period following the con 
ditioning period, the relay WP is dropped away 
which causes the contact 28 to open its front 
point and close its back point. This deenergizes 
the relay E which in turn opensits front contact 
285 to allow the relay FA. to become deener 
gized for the “off’ period. Relay E also opens 
its front contact 265 to drop the particular trans 
mitter relay T1 or T then energized although 
the actual impulse as applied by the field sta 
tion was terminated by the picking up of the 
relay, IFA. 
The dropping away of the relay E is arranged 

to be slightly delayed during the station selecting 
portion of the indication cycle by reason of the 
shunting of this relay E by the resistor. 290, 

  



which shunt circuit is opened by contact 29 of 
relay V as soon as the station has been se 
lected. The dropping of the relay E also closes 
its back contact 292 to complete the holding cir 
cuit for the relay SI during the following “of” 
period just slightly ahead of the release of the 
relay FA which closes its back contact 255 to 
also complete such holding circuit for the relay 
S. V 

As soon as the relay FA drops away, it causes 
the next stepping relay to be picked up, which in 

2368,826 
to cause the stepping operation and the impuls 
ing relay EP is picked up in a manner presently 
to be pointed out. This application of the in 
dication conditioning impulse is obviously longer 
than the application of the start impulse ap 
plied at the field station in view of the fact that 
the energization of the line responsive relay F. 

() 

the present case is the stepping relay V2. This 
closes front contact 279 which completes a 
circuit for the relay E through back contact 
28 of the relay VP so that the next impulse 
is then applied to the line circuit by the ener 
gization of the particular transmitter relay T1 
or f T then selected by the code jumper 63. It 
will thus be seen that this process of impulsing 
the line circuit by the operation of the relay E 
acting on the transmitter, relays is effective 
throughout the remaining portion of the indica 
tion cycle of operation. 

RETRANSMISSION OF STATION CoDES FROM CoNTRoL s 
OFFICE 

It was above mentioned that the application 
of the start impulse by a field station is effective 
to pick up the line responsive relay F in the 
Control office to close a circuit at front contact 
230 for causing the oscillator or frequency gen 
erator 'f-Gen.' to place conditioning energy 
of the frequency f2 on the line circuit (see Fig. 
2A). The picking up of the line responsive relay 
F in the control office closes its front contact 
f 4 to energize the relay FA (see Fig. 3B), which 
in turn, of course causes the Sequential energiza 
tion of the relays SA, SB and SC. But immedi 
ately upon the picking up of the line responsive 
relay F and before the relay SB can possibly 
pick up, a pick-up circuit is closed for the field 
starting relay CF from (--), through a circuit 
including back contact 55 of relay SB, front con 
tact 56 of relay F2, front contact 3.3 of relay R, 
front contact 34 of relay L, windings of relay 
CF, to (-). As soon as the relay CF picks up a 
stick circuit is closed from (--), through a circuit 
including back contact 6 of relay SC, back con 
tact 62 of relay C, front contact 3 5 of relay CF, 
Windings of relay. CF, to (-). Before the relay 
SC can pick up and open this stick circuit for 
the relay CF, the relay SA, of course, closes its 
front contact 74 to apply energy to the stick cir 
cuit just pointed out. 
As soon as the field start relay CF picks up, 

it closes front contact 82 for energizing the re 
lay. OC by energy received through back contact 
88 of the relay SC. The picking up of the relay 
SC opens back contact 80 to remove energy 
from the pick-up circuit of the relay OC but 
closes front contact 88 to complete its stick cir 
cuit as previously pointed out. - x 
With the relays CF and OC picked up, a cir 

cuit is closed for the control of the Oscillator 
or frequency generator “f2-Gen.' from the right 
hand terminal of such frequency generator (see 
Fig. 2A) to front contact 230 of relay F, back 
contact. 23 of relay. F1, front contact 36 of re 
ay CF, front contact 37 of relay OC, back con 
tact 234 of relay EP, to the left-hand terminal 
of the frequency generator “f-Gen.'. This 
circuit is closed prior- to the opening of the Cir 
cuit including back contact 233 of relay SC. 
Thus, the conditioning impulse is maintained on 
the line circuit until the control office responds 
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W1 in a manner previously pointed out. 
4 

5) 
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office and at the field stations. 

at the field station causes the picking up of the 
relay FA which in turn immediately opens the 
circuit for the energization of the OScillator 
“f2-Gen.' at back contact 222 (see Fig. 2B). 
At the control office, the picking up of the 

relay CF closes an energizing circuit for the im 
pulsing relay E. (see Fig. 3B) from (--) through 
a circuit including front contact 3 8 of relay CF, 
wire 92, back contact 93 of relay LV, back con 
tact 94 of relay W4, back contact 95 of relay V3, 
back contact 96 of relay W2, back contact 97 of 
relay V, back contact 98 of relay VP, wire 99, 
winding of relay E, to (-). This energization 
of the relay E opens its back contact 39 to pre 
vent the energization of the relay EP upon the 
picking up of the relay SC. But the relay SC 
closes its front contact. O3 and causes the pick 
ing up of the half-step relay VP as previously 
pointed out which in turn opens the energizing 
circuit for the relay E at back contact 98 and 
after it consumes its release time, an energizing 
circuit is closed for the relay EP from (--) 
through a circuit including front contact 320 of 
relay CF, back contact 39 of relay E, front con 
tact 32 of relay SC, windings of relay EP, to 
(?). : 

The picking up of the relay EP causes the 
termination of the conditioning impulse in the 
control office by opening its back contact. 234 
(see Fig. 2A) thus effectively deemergizing the 
frequency generator “f-Gen.' 
This termination of the conditioning impulse 

of course causes an “off” period. The deener 
gization of the relay. FA in the control office 
causes the picking up of the first stepping relay 

Similar 
conditions occur at the field station except that 
the relay FA cannot be released until the re 
lay E at the field station drops a Way in a C 
cordance with the impulsing characteristics of 
the field station in case that field station should 
be unduly slow. When the relay FA is re 
leased and the stepping relay V is caused to 
pick up, an impulse of a character, as Selected 
in accordance with the station code, is im 
pressed upon the line circuit as previously ex 
plained. The application of this impluse on the 
line circuit, of course, causes the response of 
the line responsive relays F both at the control 

The picking up 
of either of the relays F1 and F2 at the field 
station, of course, causes the picking up of the 
relay FA terminating that impulse insofar as 
the field station is concerned by opening back 
contact 222 (see Fig. 2B). At the control office, 
the picking up of either line responsive relay Fl 
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or F, of course, causes the corresponding fre 
quency generator to be actuated through cir 
cuits including back contact 234 of relay EP 
which is now closed because relay EP is deener 
gized by the picking up of the relay E as soon 
as the first stepping relay V closes its front 
contact 97 during the 'off' period following the 
conditioning period. Thus, the control office re 
ceives the impulse and returns an impulse of the 
same frequency which impulse continues until 
the relay EP is picked up. This picking up of 
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the relay EP, of course, occurs after the relay FA 
has picked up causing the release of the relay 
WP and release of the relay E. 

In this manner the indication cycle con 
tinues, the field station causing an impulse to . 
be applied to the line circuit after a measured 
period of time and the control office returning an 
impulse of the same character for a measured 
period of time. It will be noted that the field 
Station measures the 'Off' periods. While the 
control office measures or determines the “inn 
pulse' periods. 

STATION SELECTION 
As above explained, the initiation of the sys 

tem for a cycle of Operation for the transmis 
Sion of indications is always effected by a coil 
ditioning period having energy of the frequency 
f?. This causes the picking up of the station 
selecting relays SI at all of the field stations 
having their change relays CHP picked up in a 
manner typically explained in connection with 
the typical field station of Figs. 4A and 4.B. But 
assuming that only one field station has indica 
tions to transmit, then only that field station 
has its selecting relay. SI energized during the 
conditioning period so that the ensuing cycle of 
operation provides a code in accordance. With 
the code of its station and that relay. SI is main 
tained energized throughout such cycle of op 
eration. Such a typical cycle of operation will 
now be described, first pointing out how a sta 
tion code selects its station and then allows the 
indications to be transmitted to the control office. 
At the same time, certain checking features will 
be pointed out with respect to the reliability of 
the frequency generators. 

It has been explained above how the trans 
mitter relays T1 and T are controlled to 
transmit impulses forming the station code. 
During the conditioning period the relay SI is 

picked up as above explained and during the first 
“off’ period the closure of back contact 292 con 
pletes a holding stick circuit for the relay. SI be 
fore the temporary stick circuit for the relay SI 
including front contact 246 and back contacts 
24, 242, 243, 244 and 245 is opened by the pick 
ing up of the relay Vi. As soon as the first in 
pulse is applied to the line circuit having a fre 
quency in accordance with the station selecting 
code, then either the relay F or the relay F is 
picked up which closes a selecting stick circuit 
for the relay SI providing the frequency of such 
impulse corresponds to the frequency required 
in accordance with the code for that station. 

It has been assumed that the typical field Sta 
tion of Figs. 4A and 4B has been assigned the 
station code No. 3 so far as the station selection 
and registration of this station for an indica 
tion cycle is concerned. This means that the 
first impulse is of a frequency f1 which energizes 
the line responsive relay F1 and closes a circuit 

, from:(--) through a circuit including front con 
tact 250 of relay SB, wire 25, front contact 
253 of relay SI, wire 254, front contact 322 of 
relay fF, wire 323, code jumper 324, front con 
tact 24 of relay VI, back contact 242 of relay 
V2, back contact 243 of relay V3, back contact 
244 of relay V4, back contact 245 of relay ILV, 
upper winding of relay SI, to (-). This select 
ing stick circuit is closed prior to the opening of 
the holding stick circuit at back contact 255 of 
relay FA, and back contact, 292 of relay E. It 
is understood, of course, that relay E picks up to 
cause the inpulse to be applied and the relay 

an indication cycle. 

minating that cycle of operation. 

5. 
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IFA responds to such impulse. Thus, the relay 
I SI is maintained energized and the half-step 
relay WP shifts its position so that upon the 
next “off” period the stepping relay. V2 is picked 
up in readiness for the second station selecting 
impulse. It will, of course, be seen that if the 
station code jumper 324 was located in its upper 
position requiring an impulse of the frequency f. 
for the station code call then this selecting stick 

| circuit for the relay SI would be open at the code 
jumper 324 so that such relay would immediately 
drop out at the beginning of the station selecting 
impulse just described. Because of open front 
contact 32, the stepping relay V2 could not be 
picked up on the following 'off' period. 
The second station selecting impulse is of the 

frequency f2 causing the line relay F2 to be en 
ergized closing the selecting circuit from (+), 
through a circuit including front contact 250 of 
relay. SB, wire 251, front contact 253 of relay. 
| SI, wire 254, front contact 325 of relay F2, wire 
326, code jumper 327, front contact 242 of sten 
ping relay V2, back contact 243 of relay V. 
back contact 244 of relay. W4, back contact. 245 of 
relay LV, upper Winding of relay fSI, to (-). 
It is obvious that this selecting stick circuit would 
not be closed if the station code were to call for...a 
frequency fl on this stepwith the code jumper. 
327 in its lower position. Similarly if the code 
applied to the line circuit called for the frequency 
f with the code jumper 327 in its present posi 
tion this selecting stick circuit would also be 
open. . . * : . 

It can be seen from the above description how 
the field station operates to step along and main 
tain its selecting relay SI energized so long as 
the code received by the field station corresponds. 
to its code jumpers. It might be well to point. 

40 out that inasmuch as the control office, measures the length of the impulse period and causes it to 
be sufficiently long to allow the response of the 
slowest acting field station, then the relay E. 
at the field station is always capable of assuming 
its deemergized position before the control office 
removes the particular station selecting impulse. 
which it is returning to that field station. This 
causes the back contact 292 of the relay E, to 

, close the holding stick circuit for the relay SI 
before the selecting stick circuit is opened by the 
cessation of the selecting impulse and the drop 
ping away of the line responsive relay F1 or F2. 

In this connection, it may be well to point out 
the manner in which the response of the code 
transmitters and receivers are checked during 

It is, of course, obvious that 
if a field station transmitter fails, then no im 
pulse is transmitted to the control office and the 
impulsing Stops at that point in the control cycle 
allowing the relays SA, SB, etc., to drop away ter 

On the other hand, a field station might-trans 
mit an impulse of a particular frequency, and the 
control office either fail to receive such impulse or 
its transmitter fail to retransmit such impulse. 
In either case, there would be no impulse re 
turned to the field station. However, it is ap 
rarent that the application of an impulse by a 
field station cases not only the response of the 
line receiving means in the control office but also : 
its own receiving means which in turn causes the 
picking up of its relay FA. However, the picking. 
up of the relay FA effects the shifting of the re 
lay WP and the impulsing operation as previously. 
described ia connection with the field station so : 
that both of the back contacts 255 and 292 are 
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opened at the field station during a certain neaS 
ured period of time. As soon as the relay i FA 
picks up at the field Station, it removes the trans 
mitting impulse from the line circuit by reason 
of open back contact 222 (see Fig. 2B), but the 
relay FA is maintained picked up through its 
stick circuit including front contact .285 even 
though no impulse energy is then. On the line 
circuit. Thus, if the control office does not re 
turn an impulse to the field station corresponding 
to the One Which it transmitted, then there is a 
time during which the selecting Stick circuit for, 
the field. Station is opened before the impulsing 
relay E closes its back contact 292. This causes 
the dropping out of the relay SI upon the failure 
of retransmission from the control office, the 
same as if an impulse were actually transmitted 
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for an actual installation providing the usual 
number of steps, then it would be dropped out 
and stick circuits must be provided ineluding 
front contacts of each of the succeeding stepping. 

- relays also including the last step relay L.W. 
Without pointing out the complete circuit, it will 
be evident that the picking up of the stepping re 
lay (LV closes its front contact 245 to continue 
the stick circuit just pointed out for the relay. 
IST. 

Following the station selecting impulse, the 
field station having been selected for the trans 
mission. Of indications proceeds to transmit the 
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next in pulse having a frequency in accordance 
With the indication to be transmitted from that 
field station. In the present disclosure, this is 

but differed in the frequency called for by its sta 
tion code. 
OpenS its front contact 246 and its front contact 
283 releasing the relay FA and also opening the 
front contact 32 causing the stopping of any 
further stepping operation. The opening of front 
contact 25 prevents any further application of 
impulses to the line circuit by the field station 
until after it has returned to a normal condition . 
and is again initiated into operation. 
The checking feature provided by this short 

period of time during which impulse energy must, 
be received from the control office following the 
impulse energy received by the field station from 
itS OWn transmitter in Order to maintain the sta 
tion selecting relay SI energized, must not be 
confused with the checking feature provided by 
contacts 227 and 34 used in controlling the relay 

A release of the relay SI of course 

an indication in accordance with the position of 
the track relay . T. With the track relay. T 
energized, the frequency transmitted is f2 but if 
the track relay is deenergized then the frequency 
of the impulse is fi. The transmission of this 

3) 

impulse has been previously explained but the 
System is so organized that any impulse may be 
prolonged by the field station, or it may be made 
of the usual length, which provides two addi 
tional conditions for the purpose of transmitting 
an additional indication. Thus, the disclosure is 
arranged So as to cause this indication inpulse 
following the station selecting impulse not only 
to be of a particular frequency in accordance 
with the position of the track, relay T, but to 
also be of a short or a long duration in accordance 

TC. Even though the control office might fail, 
to retransmit the indication impulses transmitted 
by the field station, such impulses as are trans 
mitted by that field station and will, of course, 
be received by its own line responsive relay means, 
resulting in the picking up of either the relay Fi 
or F to close the contacts 34 and 227 respec 
tively. Such momentary closures of these contacts 
would maintain the relay TC energized so long 
as the station transmitted, even though no in 
pulses Were returned by the control office. It 
can thus be seen that the checking feature ap 

i plied to the control of the relay I SI serves to 
check the reliability of the control office receiving 
and transmitting apparatus. . 

with the position of the signals at stop relay M. 
If the relay M is picked up, then the impulse 

is is of the usual length and the operation of the 
relays at the field Station is the same as has been 
above described. On the other harid, the relay 
iM may be deemergized with the signals cleared, 
in which case, upon the picking up of the relay. 
fV, a circuit is closed for the long “on” meas 
uring relay LON from (-+-), through a circuit 
including back contact 330 of relay M, front 
contact 33 of relay V, back contact 332 of re. 
layVP, front contact 333 of relay SI, Wire 334, 
back contact 335 of relay FA, winding of relay 
fILON, to (—). 
The picking up of the relay LON closes a stick 

circuit for the particular transmitter relay Ti 
Or T then picked up at the termination of the 

After the station selecting impulses have been 
transmitted and the station remains selected, 
then during the “off’ period following the last 
station Selecting impulse, the next stepping relay 
is picked up which in the case of the typical field 
station shown in Figs. 4A and 4B is the stepping 
relay IV. This closes a stick circuit for the relay 
SI from (-+-), through a circuit including front 
contact 250 of relay SB, wire 251, front contact 
253 of relay SI, front contact 244 of relay v4, 
back contact 245 of relay IV, upper winding of 
relay. SI, to (-). If it were not for the manner 
in which the stepping relays are released sequen 
tially during the cycle, such a permanent holding 
circuit for the remainder of the cycle could be 
closed by a single contact of the stepping relay 
iW, for example. However, the relay V4 is rep 
resentative of the stepping relay to be picked up 
following the station selecting impulses and may 
be dropped out, although this is not. Specifically 
shown in the present disclosure because the step 
ping relay after the relay V4 is the last step 
relay L.V. But in view of the fact that this 
relay fW might be dropped out if the stepping 
bank were enlarged as it undoubtedly would be 

Windings of relay T2, to (-). 

60 

'off' period. As, for example, the track relay T 
may be in its normal position to cause the picking 
up of the relay T, when the relay E picks up, , 
in which case a stick circuit is closed for this relay 
T from (--), through a circuit including front 
contact 275 of Irelay SI, wire 336, front contact 
337 of relay ILON, front contact 338 of relay IT2, 

Obviously, this 
Stick circuit will remain closed until the relay 
TION is dropped away which occurs upon the 

picking up of the relay. FA. Referring to Fig. 
2B, it will be seen that the front contact 222 of 
relay FA is shunted by contact 340 of relay. 
LON. Thus, instead of the impulse applied by . 
the field Station being terminated as soon as the 

5 relay FA picks up, the picking up of the relay 
FA releases the timing relay LON at back con 

tact 335 which relay LON has a shunt contact 
340 around the contact 222 so that the impulse 
applied by the field station is prolonged for a 
time period measured by the release of the relay. 
;LON. In this way, any indication impulse may 
be made long or left short, regardless of its par 
ticular frequency, depending upon the position of 
a particular indication contact for that step of 
the cycle of operation. . ??? 
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would be improperly responding to the retrans 
mitted impulses from the control office. 
In brief, the organization of the System with 

respect to the relays SI and CHP causes a station 
to stop its transmitting as Soon as that Station 
fails to be selected, due either to the presence of 
a superior code call upon the line circuit of the 
ensuing cycle of operation, or due to the failure 
of faulty retransmission and/or reception on the 
part of the field station. This dropping out of 
the field Station is not only effective for the en 
suing cycle but prevents such field station from 
again transmitting until a different or new in 
dication is ready for transmission in Such field 
station. 

END of INDICATION CYCLE AT FIELD STATION 

s 

U 

ASSunning that the field station operates 
through an indication cycle in the normal and 
proper manner, then the relay S is still picked 
up when the last stepping relay IV is picked up 
So that both of the contacts 298 and 299 are open 
as well as the back contact 207 of the relay iSA. 
This removes all energy from the relay CHP so 
that it drops away restoring it to normal until 
another change in indication conditions occurs at 
this station. 
Upon the picking up of the last stepping relay 
LW, the opened back contact 269 prevents the 

transmitting relays T1 and T2 from being fur 
ther energized So that a prolonged deenergiza 
tion of the line occurs. This causes the relays 
iSA and SB to be deenergized in sequence, 
which then releases the relayS Í SI and IV at 
about the same time. 
Inasmuch as the relay CHP drops away when 

the last Stepping relay LW is picked up, then 
the relay TC has its pick-up circuit opened at 
front contact 226 although the transmitter relays 
fT and T remain deenergized. The deener 
gization of the relay TC and the energization 
of its repeater relay í TCP causes the opening of . 
the pick-up circuit for the relay CHP until the 
relay TC is restored to normal. 
cannot be picked up until the permission impulse 
is received by the field Station to cause the pick 
ing up of the relays R and Li closing front con 
tacts 2 7 and 28 in a manner previously ex 
plained. Thus, the relay CHP is prevented from 
being picked up even though back contacts 200 
and 20 are closed during the clear-out period. 
REGISTRATION OF INDICATION CODE IN THE CONTROL 

OFFICE 

The conditioning period at the beginning of an 
indication cycle of operation of course picks up 
the relays SA, SB and SC (see Fig. 3B) in se 
quence as previously explained, but before the 
relay SA can pick up the relay CF is picked up 
immediately closing a pick-up circuit for the “on' 
timing relay, TON as soon as the first “off' period 
Occu's, from (--), through a circuit including 
front contact 345 of relay CF, back contact 346 of 
relay FA, windings of relay TON, to (-). During 
the “off” period, the relay E is picked up closing 
a stick circuit for the relay TON from (--), 
through a circuit including front contact 345 of 
relay CF, front contact 347 of relay E, front con 
tact 348 of relay TON, windings of relay TON, 
to (-). The relay EP also has a contact 349 in 
cluded in multiple with the contact 347 of the 
relay E. So that the release of the relay EP dur-, 
ing an 'off' period completes the stick circuit for 
the relay TON which is not again opened until 
after the relay E has been deenergized for a pre 

The relay TC 
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determined time which occurs during a prolonged 
“on' period. But before considering the manner 
in which this slow acting relay TON causes a 
long impulse period to be stored in the relayLON, 
let us consider the manner in which the station 
registering impulses are registered in the control 
office in accordance with the character of their . 
frequency. 
More specifically during each 'on' period or 

impulse period during the station selecting por 
tion of the indication cycle, positive or negative 
potential (B-) or (B-) is applied to a station 
registering circuit depending upon whether the 
line responsive relay Fl or F is picked up. More 
specifically the first stepping relay W is, of course, 
picked up during the first “off” period following 
the conditioning period. Then upon the follow 
ing impulse period which is in accordance With 
the station code, an executing circuit is closed as 
soon as the relay FA picks up from either (B-). 
or (B-) depending on which of the frequencies 
has been applied to the line circuit, through a 
circuit including front contact 350 of relay FA, 
back contact 35 of relay EP, front contact 352 
of relay CF, back contact 353 of relay V, back 
contact 354 of relay W3, back contact 355 of relay 
V2, front contact 356 of relay Wil, upper winding 
of relay. RF1, to (B-). In other words, if the 
frequency of the station selecting pulse is fi then 
the relay F1 is picked up applying (B+) to this 
circuit which in turn causes the registering relay 
RE1 to be picked up. On the other hand, if the 
frequency is f2 then the relay F2 connects (B-) 
to this circuit so that the relay RF remains de 
energized. In the particular case under consider 
ation, as the field station of Fig. 4A and 4B is 
transmitting the station code No. 3 for its regis 
tration in the control office, it will be noted that 
the frequency f1 is applied so that the relay RF 
is picked up. As soon as the relay RF1 is picked 
up, a stick circuit is closed for this relay from 
(--), through a circuit including front contact 
357 of relay. SC, wire 358, front contact 359, lower 
Winding of relay RF, to (-). A similar circuit is 
provided for each of the relays RF because the 
contact 357 supplies positive energy, (--) to the 
bus wire 358 and the picking up of any one or 
more of these relays RF closes a stick contact 
similar to contact 359 which maintains the relays 
energized until the end of the cycle of operation 
When relay SC is deemergized. 

During the following "off' period, the next 
stepping relay is picked up in a manner previ 
ously described, preparing the circuit for the 
picking up or leaving deemergized of the station 
registering relay RF2 in accordance with the 
character of the next station registering code. 
ASSuming that the code is transmitted from sta 
tion 1, then the Second element of this code will 
be an impulse of frequency f2 on the second step 
Which, of course, will not cause energy to be Sup 
plied to the relay RF2 so that this relay remains 
deenergized. . . 

On the following step, the third code element . 
is of a frequency f. so that positive energy (B-). 
is applied to front contact 350 of relay FA caus 
ing the relay RF to be picked up in an obvious 
manner. AS SOOn as it is picked up, it, of course, 
closes its front contact 360 to complete its stick 
circuit. 
During the following "off' period an energizing 

circuit is closed for the station relay ST by real 
Son of the code registered on the relays RF from 
C), through a circuit including front contact 
36 of relay CF, wire 362, back contact 363 of re 
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lay VP, front contact 364 ofrelay Vº, back con 
tact 365 of relay W, front contact 366 of relay 
RF3, back contact. 367 of relay RF, front contact 
368 of relay RE, windings of relay SC, to (--). 
As soon as this relay Spicks up, it closes its 
front contact to complete a stick circuit from 

to the line at the field statioh, then the relay TON 
has time to drop away and close a pick-up cir 

: cuit for the rélay. LON, frô?:(+), :through ä. cir 
cuit including front contact 345 óf relay CF, bárck 

(--), through a circuit including front contact 
36 of relay CF, and back contacts 369 and 370 
of relays Fra and Fli, respectively, in multiple, wire 
3Ti, front contact 32 of relay IST, windings of 
relay fST, to (--). 
This stick circuit for the station registering re 

lay ST is necessary inasmuch as its pick-up cir 
cuit is opened as soon as the next succeeding step 
ping relay is picked up. It is noted that this stick 
circuit for the relay ST, and, of course, this 
:would be true of all the other station relays of 
which this relay ST is typical, includes back 
contacts 369 and 378 of the line responsive relays 
F2 and F1 in multiple. This furnishes a certain 
check on the proper registration of indications, 
because if, at any time, there should be cross fire 
between the line responsive means in the office or 
by some accident two frequencies should be im 
pressed on the line circuit at the same time, then 
the stick circuit for the registration relay ST 
would be opened and it would drop out preventing 
the improper registration of such indications. 
Assuming, however, that the relay ST remains 

properly picked up for the continuation of the in-, 
dication cycle, then the indication relays are 
properly positioned in accordance with the indi 
cations transmitted. 
On the first impulse following the station se 

lecting impulse, the relay TKR is positioned in 
accordance with the frequency of suchimpulse by 
reason of the application of either (B+) or (B-) 
depending upon whether the line responsive re 
lay Fi or F is picked up to a circuit including 
front contact 350 of relay FA, back contact 35 

O 

5 

20 

of relay EP, front contact 352 of relay CF, front 
contact 353 of relay Vº, buswire 373, front con 
tact 374 of station relay (ST, windings of relay 
TKR, to (CN). If (B--) is applied to this cir 
cuit then the contacts of the relay TKR are oper 
ated to the left, but if (B-) is applied to this 
circuit then the contacts of relay ITKR remain 
in their previous position. Gobviously, the con 
tact of the relay TKR is moved to the left due 
to the fact that the track relay if T at the field 
station was: assumed to be deemergized causeing 
the frequency f. to be replaced on the line cir 
cuit. This causes the OS indicator lamp TEK to 

50. 

bei energized through a circuit including contact . 
22 advising the operator that a train is on the 
corresponding track section. 
As previously explained in connection with the 

field station, this impulse may either be short or 
long in accordance with whether the signals at 
stop relay, Mis-picked up or deemergized. If the 
relay M is picked up, then the impulse applied 
by the field stationi is short so that the relay.E. in 
the control office drops away and picks up the re 
lay EP following the picking up of the relay FA. 
This leaves: the relay TON deemergizeds only uritil 
the impulse is removed from the line: circuit. al 
lowing the relay FA. to drop away and close back 
contact. 346 before the relay TON can drop away. 
Thus, this relay TON is maintained energized for 
a short impulse period. With this condition ex 
isting, the relay LON is maintained deenergized 
during such impulse period and the ensuing, "off" 
period because of open back contact. 375. 
On the other hand, if the relay FA. is main 

tained picked up because of a long impulse applied 
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tions instead of the frequency f2. 

contact 375 of relay TON, Windings of relay E.ON, 
to (-). If the relay ILON i? picked up, it iš main- . 
tained picked up during the following “off pe 
riod by reason of a stick circuit closed from (--), 
and including front contact 345 of relay CF, front 
contact 376 of relay EP, front contact 3 of re 
ay LQN windings of relay?ON, tó (-). Thus, 
the goadition of the relay TON is determined by 
Whether he impulse period is Iong or short, and 
this condition is transferred to the storager?lay 
the succeeding 'off' period. 
After the impulse period the dropping away of 

the relay. FA causes either. (B-) or (B. ) to be 
pplied to an executing circuit through contact 

, back contact: 379 of relayº FA, front contact 
380 delay EP, front contact 38 of relayer, 

HON which condition is maintained throughout 

Wirë 382. frónt contact 383 ?f relay Višfront c?n. tact 384 of relay v, bus wire 385, front cont 386 of relay fST windings of relay SK to eNS 
It should bè nóted in this cön?ection that the 

field station in order to accomplish this purpose 
list hold the impulse on the line circuit for a 
origer period, thäni , the ?Ó?tröll office normay 
holds its checking impulse on the line circuits 
that the front contact 376 of relay Episclose 
When the relay TON is picked up and remains 
closed until the succeeding “on period at which 
time the relay EP drops and opens its front con 
tact 3 included in the executing circuit thereby storingh?r?layLON tó normal in condition tó be positioned if the following impulse is long. 

STATION LOCK-OUT BY SUPERIORIry of ëopë 
It may happen that several field stations win. 

have indications to transmit at the same time, in Which event each station will place its starting 
impulse on the line circuit, and the conditioning 
period. Will occur as above explained. HoWeve?, 
When the first station-selection impulse is placed 

. On the line circuit it may happen, depending upon 
What stations are transmitting, that all of theim 
pulses are of the same frequency. as applied by 
these field stations in which event the control of 
ce Will return a corresponding frequency and 

the relays ST at each of the field stations Wilfre 
main picked up. On the other hand, it may hap. 
penthat certain óf the stations have their codes : alling for a frequency f1 while others of the sta 
tions have their codes calling for a frequency f°, 

Which event the control office upon receiving impulses of both frequencies, calises the fre 
quency fº i to be returried to the fi?lid ista 
a-' ' . . . . . . . . . . . . .m. r both. This is because the contacts 230 and 23 (see Fig.2A) 
are interlocked so that if the line responsive re 
lay E" is picked up, it places the frequency f1 on 
the line circuit in preference to the frequenéy?. 
In other Words, the frequency f1 has been ar 

bitrarily given superiority over the frequency f2. 
If the frequency fis returned to the line circuit 
in such a case, all those stations which call for the frequency f2 have their relays Sr dropped out 
as Will be obvious from the consideration of the 
station selecting operation as above described. If 
all of the stations should- endeavor to transmitat 
the same time then half of the stations would be 
dropped out on the first impulse and half of the 
remainfig.stations on the second impulse-andso 
on until only one field station remains on the line 
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circuit. But it is to be understood that any Com 
bination of field stations may start to transmit at 
the same time and all of the stations are dropped 
out for the ensuing cycle except one. This 
dropping out action occurs on that impulse of the 
station code where the dominating or superior 
code differs from the code of the station which is 
dropped out. - 

Stating the matter still another way, it will be 
seen that the particular station which calls for 
the greatest number of impulses of a frequency f' 
in its station selecting code for any given cycle 
will be dominant over all other stations during 
that cycle, because the control office returns Code 
impulses of a frequency fi in preference to the 
impulses of frequency f. 
INTERLock BETWEEN CoNTROL OFFICE AND FIELD 

?? STATIONS . 

It will, of course, be apparent that one or more 
field stations may have indications ready to 
transmit at the same time that the Operator de 
sires to transmit controls. Thus, a positive inter 
lock is provided between the control office and the 
field stations to allow only a control cycle or an 
indication cycle for any one operation of the sys 
tem, and this interlock is so organized as to give 
priority to the control office or to the field stations 
depending upon which change occurs first. In 
doing this, the interlock is so arranged that in 
practice there can not be what might be called 
an actual simultaneous start condition. 
... With reference to Figs. 3A and 3B, the presence 
of a new control to be transmitted causes the 
picking up of an LC relay in series with the relay 
LCS which closes at front contact 57 the pick-up 
circuit for the relay C and at the same time closes 
front contact 59 in a stick circuit for the relay C. 
It is noted that the picking up of the relay C 
opens back contact 62 included in the stick circuit 
for the relay CF so that if the front contact 56 
of the line responsive, relay F2 were closed just 
after the picking up. of the relay C, it might pick 
the relay CF up, but it would not remain stuck 
up after the relay SB. picked up. Under such 
conditions, it might happen that the relay C picks 
up just as the line responsive relay F is picking 
up so that there is a time period in which the 
control office returns the frequency f. by reason 
of the closure of front contact 230 (see Fig. 2A) 
but this returning of the frequency, f is stopped 
and the frequency f is impressed on the line cir 
cuit as soon as the relay T can respond to the 
picking up of the relay C. The application of 
conditioning energy of the frequency f. causes 
the line responsive relay F1 to pick up opening 
back contact 23f so that the frequency f2 is re 
moved from the line circuit. 
Under these circumstances, it is seen that the 

frequency f2 being placed upon the line circuit by 
the field station and continued for a short time 
by the control office causes the SI relay at the 
field station or stations which may be endeavor 
ing to transmit, to be picked up. But the return 
ing of the frequency f. and the removal of the 

- frequency f2 causes relay SO at every field sta 
tion to be picked up and the opening of back con 
tact. 240 of relay SO (see Fig. 4B), for example, 
deenergizes the relay SI at any field station that 
may have such relay picked up. w - 
On the other hand, if a field station transmits 

a start impulse of the frequency f. to the control 
office in sufficient time to get the relay F2 picked 
up to close front contact 56 before energy is sup 
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eration is for indications and the control office 
cannot supersede such an indication condition. . . 

It is thus seen that the shift over from con 
trols to indications is then on the contact 56, and 
With this arrangement the shift is either made 
after the relay C has a possibility of being picked 
up or is made before it receives any energy at all. 
So that if a control start occurs first then it has 
priority but if it does not occur first then indi 
cations have control of the line. To state the 
matter in still another way, the field start condi 
tions have control of the line to determine the 
shift of a contact from control to indication 
starts, but if a control start can be effected be 
fore the shift then it has priority. ... . 

Obviously, the picking up of the relay C and 
the placing of the frequency f1 on the line circuit 
prevents the start circuit at all field stations from 
being closed, as, for example, at open back con 
tact 216 of Fig. 4A for field station No. 1. 

It may happen that an indication cycle is in 
progress or a control cycle may also be in prog 
ress When the operator actuates one or more start 
buttons for other field stations. This means that 
there should be a succession of control cycles and 
this is effected in the manner in which the per 
mission pulse is prevented from being placed upon 
the line circuit. . 
At the end of a cycle of operation, the relays 

IC and LCS are dropped away upon the picking 
up of the last stepping relay which provides for 
the transmission of control impulses, as, for ex 
ample, in the case of the opening of back con 
tact 50 on relay V of Fig. 3A. The dropping of 
the particular relay LC which is then up in se 
ries with the relayLCS permits the picking up of 
another IC relay.in series with the relay LCS as 
Soon as the relay SB is released. Such second 
picking up of the relay LCS closes a pick-up cir 
cuit for the relay C with SB released so that the 
relay C picks up and sticks opening back contact 
53 before back contact 5 of relay SC can close. 

This prevents the application of the permission 
impulse at the end of a cycle of operation (see 
chart of Fig. 5B). If the permission impulse is 
not placed on the line circuit, then the relays R. 
and L. at all of the field stations remain deener 
gized preventing any field station from impressing. 
a start impulse on the line circuit by reason of 
open contacts 217 and 2fB of Fig. 4A, for example, 
and also preventing the picking up of the re 
laySSI. . - 
At the end of an indication cycle of operation, 

or at the end of a control cycle when there are 
no further controls to be transmitted, the release 
of the relay SC closes back contact si to apply 
energy through contacts 52 and 53 to the trans 
mitter relay Tito impress the permission impulse . 
On the line circuit which is of a frequency f2. 
This completes the pick-up circuit for the relay 
R as previously explained and in so doing opens 
back contact 152 cutting of the permission im 
pulse and as Soon as the relay F releases permits 
the relay. Li to pick up in series with the relay R. 
The same operation with respect to the relays R. 
and L. occurs at each of the field stations so that 
as Soon as the relay L. picks up in response to the 
deenergization of the line at the end of the per 
mission impulse, the field stations may then place 
a start pulse on the line circuit. 
In this way, the control office is made superior 

to the field stations in that it may send as many 
control cycles of operations as may be desired 

plied to the relay C, then the ensuing cycle of op-75 without any interruptions by the field stations. 
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DISTRIBUTION OF INDICATION CYCLES 

It may happen that some field station will have 
a large number of indications to transmit due to 
many switching movements at that location or 
the like, or it may happen that the relay CH at 
some station will become deenergized and fail to 
be restored. In either event that station would 
cause a substantially continuous succession of in 
dication cycles of operation, and if its station 
code were superior to one or more other field sta 
tions, such other field stations would find it in 
possible to transmit their indications. 

However, in accordance with the present inven 
tion, the system is arranged so that those field 
stations having indications to transmit at any 
one time can cause successive indication cycles 
to transmit their indications, but cannot again 
transmit or initiate the system until a prolonged 
period of rest has occurred on the line circuit. 
After such prolonged period of rest all field sta 
tions then having new indications to transmit 
from another group, So to speak, and cause a Suc 
cession of indication cycles from those stations 
one at a time in turn in accordance with the rela 
tive superiority of their respective station codes. 
This feature of allowing only one cycle of trans 
mission from a station until a prolonged period 
of rest occurs, has been conveniently termed 
“cycle distribution' to give every station equality 
in transmitting its indications although its sta 
tion code may be of an inferior relationship to 
some other field station which may have more 
indications to transmit, or may have a non-self 
correcting fault. ... - 

This is accomplished by the relay TC and its 
repeating relay TCP. Normally the relay TC at 
each of the field stations is energized but, when 
a Station has transmitted with its relay CHP 
picked up, the relay TC is dropped away at that 40 
station when the relay CHP at such station is 
released at the end of its indication cycle. Inas 
much as the relay TC includes a front contact. 
in the pick-up circuit of the relay CHP, such 
relay CHP cannot again pick up until a period 
of time has elapsed in which the relay TC may 
be picked up. . . . 

Perhaps this will be better understood by 
Specific reference to FigS. 4A and 4B where it is 
seen that relay TC has its stick circuit opened 
at front contact 226 when the relay CHP is re 
leased at the time of the picking up of the relay 
LW at the end of an indication cycle of opera 

tion. 
The relay TC does not have its pick-up cir 

cuit closed until after the relays R and I are 
picked up following a permission pulse. But if 
Some field station, included within a group of sta 
tions having had indications ready to transmit 
at the same time, is standing ready to start the 
System, then it impresses its start pulse on the 
line circuit causing the opening of back contact 
2 5 of relay F2 before the relay TC can be 
picked up during such a short period of rest be 
tWeen succeSSive cycles of operation (See chart 
of Fig. 5D). Thus, the relay TC maintains its 
contact 202 open and prevents the relay CHP 
from picking up although the back contact 205 
of relay CH is continuously closed. When all 
field stations included within the group of sta 
tions have transmitted their indications, then 
there can be no interruption of the period of rest 
at the end of a permission pulse until the relays 
ITC and TCP which have been dropped out are 
again picked up. - 
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. . It will be noted that those field stations, which 
are not ready to transmit indications at the same 
time when the group of stations is formed, have 
their relays TC. dropped away because the pick 
up circuits for the TC relays at such stations are 
opened as soon as a line responsive relay Such as 
fF2 is picked up, and is maintained open through 
out the cycle of , operation by reason of the 
dropped away condition of the contacts 2:7 and 
2Í8 for the relays fR, and III, for example. 
Thus, all stations having indications ready to 

transmit at the same time have an equal chance 
of entering the group of stations for transmitting 
'one indication cycle in a succession of indication 
cycles and all indication changes which take 
place after that must come in the second or next 
successive group to be formed. This general fea 
ture of cycle distribution has been previously dis 
closed. in our prior Patent No. 2,259,561, dated 
October 21, 1941, but it has been applied to the 
present system in a rather novel manner and con 
tributes to the general usefulness and adapta 

35 

bility of the present System to various different 
operating problems in actual practice. 

SUMMARY 
A centralized traffic controlling communication 

System has thus been ShoWn, and described as 
employing alternating currents which may be 
superimposed on line circuits having other serv 
ices, and which currents are coded in order to 
transmit controls and indications between a cen 
tral control office and a plurality of field Sta 
tions. The system has been so organized that 
the field stations in transmitting their indications 
do not interfere with one another, but are allotted 
the line circuit With a predetermined Order 
or priority. This priority is established between 
the stations on What has been conveniently 
termed the superiority of code basis, which 
superiority of code basis has been further modi 
fied by allowing only one transmission from each 
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station of any group of stations that may be 
ready to transmit at the same time. This last 
feature has been termed “cycle distribution.' 

Even though the system of the present inven 
tion is of the carrier current type, it is so or- . 
ganized that the reliability of the frequencygen 
erators and amplifying units are checked in their 
operation to assure that a burned out amplifier 
tube or the like cannot produce erroneous or un 
desired results. These various features of check 
ing have been explained in detail above, and will 
not be repeated, but it is desired to state that 
they serve to make practical the use of such. 
carrier current type communication systems for 
the control of railway signalling apparatus. . 
Another important accomplishment of the 

present invention is to so organize the System 
that regardless of the number of field stations 
which may be transmitting their impulses of al 
ternating current, there can be no loss or failure 
of response of any field station to any other field 
station during the station selecting portion of an 
indication cycle due to various alternating cur 
rent line circuit phenomena by reason of the 
retransmission from the control office of al con 
ditioning and station selecting impulses. 
Having thus described a centralized traffic 

controlling communication system as one specific 
embodiment of the present invention, it is de 
sired to be understood that this form is selected 
to facilitate in the disclosure of the invention 
rather than to limit the number of forms which 
it may assume; and, it is to be further under 
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stood that various modifications, adaptations, 
and alterations may be applied to the specific 
form shown to meet the requirements of prac 
tice, Without in any manner departing from the 
Spirit or scope of the present invention except 
as limited by the appended claims. 
What we claim is: 
1. In a communicating System of the carrier 

current coded type, a line circuit connecting the 
control office with a plurality of field stations, 
code, transmitting means at each field station 
for applying a series of alternating current im 
pulses of different frequencies to said line circuit 
to form a code assigned to its field station, code 
receiving and transmitting means in the control 
office responsive to each impulse of a code applied 
to said line circuit by a field station for retrans 
mitting a similar impulse in overlapping rela 
tion to the impulse applied by the field station 
to thereby transmit a series of impulses corre 
sponding to the code call of a particular station 
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ceive impulse energy from said control office dur 
ing any impulse period although it may have 
received impulse energy from its own station or 
some other station code transmitter during the 
same impulse period, whereby the failure of a 
vacuum tube amplifier to receive impulse energy 
from the distant control office results in the non 
Selection of its station and the dropping out of 
the change Storing relay means until a subse 
quent change occurs in the indication conditions 
at that Station. 

3. In a communication System of the carrier 
current coded type, a single line circuit connect 
ing the control office with a plurality of field sta 
tions, code transmitting means at the control 
office for applying alternating current impulses 
of either of two different frequencies on said line 
circuit to form different station codes and the 
controls for such stations, code receiving means 
at each field station responsive to the impulses 
applied to Said line circuit, Station selecting 

as determined by that station, code receiving 
means at each Station including filter, vacuum 
tube amplifiers, and line responsive relay means 
for each distinctive frequency, station selecting 
means controlled by said line responsive relay 
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means for selecting that station in response to 
a series of impulses received from said control 
office corresponding to its station code call as 
determined by the code transmitted from its field 
station, said station selecting means being ren 
dered ineffective to select its station if more than 
one of said line responsive relay means is picked 
up at the same time during any impulse of its 
code, whereby the failure of a filter or vacuum 
tube amplifier to properly distinguish between 
the distinctive frequencies results in the non 
selection of its station. 

2. In a code type communication system em 
ploying carrier currents, a line circuit connect 
ing a control office with a plurality of field sta 
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tions, code transmitting means at each field sta 
tion acting when initiated to apply a Series of 
alternating current impulses of selected frequen 
cies to said line circuit to comprise a code char 
acteristic of its station and to comprise the in 
dications for its station, indication change stor 
ing means at each field station rendered effec 
tive in response to each change in indication con 
ditions at its station for storing such change 
until a new indication has been transmitted, Said 
change storing means acting to initiate its aSSO 
ciated code transmitting into operation, code re 
ceiving and transmitting means at the control 
office responsive to each impulse applied to said . 
line circuit by any field station for retransmitting 
an impulse of the same frequency in overlap 
ping relation to the impulse applied to the field 
station to thereby transmit a series of impulses 
comprising the code of a particular station as 
determined by that station, code receiving means 
at each station including filters, vacuum tube 
amplifiers, and a separate line responsive relay 
means for each different frequency, station se 
lecting means controlled by said line responsive 
relay means so as to be selectively responsive 
to only the series of impulses transmitted from 
said control office as determined by its field sta 
tion for selecting that station to thereby allow it 
to transmit indication impulses to Said control 
office, and means controlled by said line respon 
sive relay means for rendering said Station select 
ing means and said change storing means. ineffec 
tive during any. Series of impulses in which the 
code receiving means at the station fails to re 
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means at each station controlled by its associated 
Code receiving means so as to be effective to 
Select that field station for the reception of con 
trols only in response to the series of impulses 
forming a code characteristic of such field sta 
tion, Whereby any given field station can be se 
lected for the reception of controls, code trans 
mitting means at each field Station at times ren 
dered effective to transmit a series of alternating 
current impulses each of which is one or the 
other of two different frequencies in accordance 
With its particular station code, code receiving 
means at the control office responsive to the in 
pulses transmitted from any field station for. 
causing Said transmitting means at the control 
office to transmit code impulses of frequencies 
corresponding to the coded impulses received, 
other station selecting means at each station con 
trolled by its associated code receiving means 
When its associated transmitting means is ren 
dered effective to cause the Selection of its sta. 
tion for the transmission of indications only in 
response to the series of impulses transmitted 
from the control office and forming a code char 
acteristic of its station, whereby that field station 
causes its own selection, and means at the con 
trol office acting on said code receiving means to 
cause alternating current impulses of one par 
ticular frequency as received at the control of 
fice from a field station to be selected for trans 
mission in preference to the other frequency when 
two frequencies are transmitted from different 
field stations at the same time, whereby a plu 
rality of field stations endeavoring to transmit at 
the same time are caused to be selected in ac 
cordance. With the relative superiority of their 
respective codes. 

4. In a code type communication system for 
connecting a control office with a plurality of 
field stations, a code transmitter at the control 
office capable of transmitting different series of 
code elements of distinctive characterto forn dif. 
ferent codes, code receiving means at each field 
Station effective to select that field station only 
in response to a series of code elements form 
ing a code characteristic of such field station, 
Code transmitting means at each field station 
capable of transmitting a series of distinctive 
code elements to form its particular station code, 
code receiving means at the control office re 
Sponsive to a series of code elements transmitted 
from any station, means at the control office 
controlled by its code receiving means for caus 
ing its transmitting means to retransmit a code 
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corresponding to the code received by said re 
ceiving means from any field station, whereby 
any field station can cause its own selection by 
transmitting its particular code to the control 
office for retransmission, and means at the con 
trol office effective, when a plurality of field sta 
tions are transmitting their codes endeavoring to 
cause their own selection, to cause said codes to 
be selected for retransmission in accordance With 
a predetermined preference, whereby said field 
stations are selected one at a time in accordance 
with the relative predetermined preference of 
their respective Codes. - 

5. In combination, a line circuit connecting a 
control office with a plurality of field stations, a 
code transmitter at said control office capable of 
transmitting different Series of distinctive im 
pulses to form different station codes, certain of 
said impulses being made arbitrarily superior to 
others, code receiving means at each field sta- : 
tion responsive to select that field station in re 
sponse to a series of impulses forming its pars 
ticular station code, code transmitting means at 
each field station capable of transmitting a set 
ries of impulses forming a code characteristic 
of its station by using distinctive impulses the 
same as may be applied at said control office by 
said control office transmitting means, code re 
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ceiving means at the control office responsive to 
the series of impulses transmitted from any field 
station, means at the control office governed by 
its code receiving means and acting When a plu 
rality of field stations are transmitting their codes 
for causing the code transmitting means at the 
control office to apply a series of impulses to said 
line circuit forming a code for that particular 
one of said stations then transmitting a code 
and having the greatest number of Superior code 
impulses included in it as compared to the codes 
being transmitted by the other station or stations 
of the plurality, whereby said field stations are 
selected one at a time in accordance with the 
relative superiority of their respective codes. 

6. In a communication system of the carrier 
current coded, type, a line circuit connecting a 
control office with a plurality of field stations. 
a movable device at each station, a code trans 
mitter at each station each operating when ini 
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tiated to deliver a code to said line circuit indica 
tive of the condition of the associated movable 
device, said code comprising a series of coded 
impulses of distinctive alternating current fre 
quencies, means for initiating each code trans 
mitter in response to a change in the condition 
of the associated movable device, means including iii. 
code responsive means at each station effective 
at the various stations if the devices at several 
different stations have changed their condition 
prior to the initiation of the code transmitter at 
one of the stations to separate these stations 
into a group comprising those at which the mov 
able devices have changed their positions at sub 
stantially the same time and cause the stations 
of that group to deliver their codes one at a tile 
in a predetermined order, means delaying the 
initiation of the code from any station not in - 
cluded in said group in response to a change in 
the condition of its movable device which occurs 
during the transmission of said different codes 
from the stations of said group until all of Said 
different codes have been transmitted, and maans 
at each station controlled by said code responsive 
means at that station in such a way when it. iš 
included in said group that the failure of such 
station to be responsive to code impulses im 
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pressed on said line circuit renders it inseffective 
to transmit until another change in the condition . 
of its nowable device. - - 

7. In a communication system of the carrier 
current coded type, a line circuit connecting a 
control office with a plurality of field stations, a 
code transmitter at the control office for apply 
ing different series of coded impulses of alter 
nating current of distinctive frequencies on said 
line circuit to form different station codes and 
control codes for such stations, code receiving 
means at each field station including filter-am 
plifier means and a separate line responsive re 
lay means for each different frequency, station 
selecting means at each station controlled by said 
line responsive means so as to be rendered active 
in response to any series of coded impulses in 
cluding a code characteristic of such field station 
to condition that station for the reception of the 
control impulses of that series, control receiving 
means at each field station controlled by said line 
responsive relay means when its station select 
ing means is rendered active so as to be respon 
sive to the control impulses of that series then 
being transmitted from said control office, and 
circuit means at each field station, effective if 
more than one of said line responsive relay means 
is energized at the same time on any control im 
pulse of a series to restore said station selecting 
means to its inactive condition to prevent said 
control receiving means from being controlled by 
said line responsive relay means on that or any 
Subsequent impulse of the Series. 

8. In a multiple impulse bode communication 
System of the carrier current type, a line circuit 
connecting a control office with a distant field 
station, code transmitting means at the field sta 
tion acting when renedered effective to impress 
a Series of code inpulses on said line circuit each 
impulse being a carrier current of either of two 
relatively, high frequencies depending upon the 
code to be transmitted, code receiving and trans 
mitting means at the control office responsive to 
each inpulse of a Series received from the field 
station for contemporaneously applying an im 
pulse of carrier current of the same frequency to 
Said line circuit, and code receiving means at said 
field station responsive to each impulse trans 
mitted from Said control office over said line cir 
cuit for maintaining said transmitting means at 
the field station effective to transmit the next 
impulse of the series then being transmitted. 

9. In a multiple impulse code communication 
System of the carrier current type, a line circuit 
connecting a control office with a distant field 
Station, carrier current code transmitting means 
at the field station acting when rendered effec 
tive to transmit a series of code impulses of se 
lected frequencies over said line circuit, said code 
transmitting means being operable step by step 
for each impulse of a series, code receiving and 
transmitting means at the control office respon 
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Sive to each carrier current impulse received over 
Said line circuit for at the same time applying a 
carrier current impulse of corresponding, fre 
quency to Said line circuit which impulse con 
tinues for a short time interval following the 
cessation of the impulse from said field station, 
and Code receiving means at said field station re 
Sponsive to each carrier current impulse trans 
mitted over said line circuit from said control 
office following the transmission of an impulse 
by its associated transmitting means to cause 
Said code transmitting means at that field sta 



tion to take the next step for transmitting the 
next impulse. Of the series. 

10. In a multiple impulse coded communica 
tion System of the carrier current type, a Single 
uninterrupted line circuit Connecting a control 
office with a plurality of field stations, code 
transmitting means at each of said field stations 
for impressing a series of carrier current im 
pulses of at least two distinctive frequencies on 
said line circuit from Sources at that station 
in different combinations in accordance With its 
station, code call and indication conditions at 
such station, code receiving means at Said con 
trol office responsive to the distinctive frequency 
impulses of any series for registering the sta 
tion code call and the indications of that series, 
code transmitting means at Said control office 
acting in response to the reception of a station 
code for retransmitting the same code by carrier 
current impulses of corresponding distinctive fre 
quencies, said code transmitting means acting in 
the event several stations transmit codes at the 
Same time to retransmit the Code of one of Such 
stations in preference to the others to render 
that one station Superior to the others, and sta 
tion selecting means at each field station gov 
erned over said line circuit by said retransmitted 
code impulses to select that station in response 
to its station code call and effective to stop oper 
ation of said code transmitting means at that 
tsation. When the code call of a more Superior 
station is retransmitted over said line circuit. 

11. In a normally-at-rest code communication 
System of the carrier current type, a Single-unin 
terrupted line circuit connecting a control office 
with a distant field station, code transmitting 
means at the control office and at the field sta 
tion for impressing carrier current impulses of 
distinctive, frequencies on said line circuit to 
comprise a cycle of operation for transmitting 
control codes from said control office to said field 
Station and indication Codes in the opposite, di 
rection, and means for allowing only the control 
office or the field station to transmit at any one 
time comprising initiating means at the con 
trol office responsive to manual control for caus 
ing said associated code transmitting means to 
initiate a control cycle of operation by transmit 
ting a first impulse of One particular frequency 
and responsive to the reception of a momentary 
inpulse from said field station for initiating an 
indicating cycle of operation by transmitting a 
first impulse of a different frequency, means at 
the field Station effective to transmit a momen 
tary impulse from said field station when a 
change in indication conditions occur, said means 
also causing its transmitting means to operate 
only if an impulse of said different frequency is 
received from said control office, and means at 
the control office acting on said initiating means 
to cause it to transmit, Said one frequency in 
preference to said different frequency when said 
manual control and said impulse from said field 
station are existent at the same time. 

2. In a communication system of the nultiple 
frequency coded type for providing communica 
tion between a control office and a plurality of 
field, stations, code transmitting means at each 
of the field stations for transmitting a series of 
energy impulses of distinctive frequencies to 
form a code for that station, code receiving and 
transmitting means at the control office respon 
sive to each energy impulse of any series trans 
mitted by any given field station for transmit 
ting energy impulse of the same frequency to 
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prolong that impulse period for a predetermined 
time interval, code responsive-means at each field 
station differently responsive to the distinctive 
energy impulses at its station as transmitted 
from said control office, and means at each field 
station controlled by its code responsive means 
so as to be selectively conditioned only by the 
distinctive impulse energy transmitted from Said 
control office during the prolonged time interval 
of each impulse period. 

13. In a communication system of the multiple . 
frequency coded type for providing communica 
tion between a control office and a plurality of 
field stations, code transmitting means at each 
of the field stations for transmitting a series of 
energy impulses of distinctive frequencies to 
form a code for that station, code receiving and 
transmitting means at the control office respon 
sive to each energy impulse of any series trans 
mitted by any given field station for transmit 
ting energy impulse of the same frequency to 
prolong that impulse period for a predetermined 
time interval, code responsive means at each field 
station distinctively operated in response to the 
distinctive energy impulses at its Station as trans 
mitted from said control office, and station Se 
lecting means at each field station governed by 
the distinctive operation of its code responsive 
means so as to be selectively controlled only by 
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the distinctive impulse energy transmitted from 
said control office during said prolonged time 
interval of each impulse period in a manner to 
select its station when such impulsesform a Code 
corresponding to the code transmitted by its sta 
tion code transmitting means, whereby each sta 
tion is selected by a series of impulses charac 
teristic of its station code and is non-selected by 
any other series of impulses, and whereby such, 
station selection of one station and the non-Se 
lection of other stations is effected without it 
being necessary for each station to receive im 
pulse energy at its station as transmitted by any 
of the other stations. 

14. In a communication system of the multiple 
frequency coded type for providing communi 
cation between a control office and a plurality 
of field stations, code transmitting means at each 
field station for transmitting energy impulses of 
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different frequencies to form a code assigned to 
its field station, code receiving and transmitting 
means at the control office responsive to each en 
ergy impulse transmitted by a field station for 
retransmitting a similar energy impulse during 
a time interval following the cessation of that 
impulse transmitted by the field station to there 
by transmit a series of impulses corresponding 
to the code call of a particular station as deter 
mined by that station and acting in case a plu 
rality of energy impulses of different frequencies 
are applied during the same impulse period to. 
retransmit an impulse of only a predetermined 
one of such frequencies, code receiving means at 
each field Station responsive to each energy im 
pulse of said different frequencies transmitted by 
said control office, and station selecting means 
at each station distinctively controlled by said 
Code receiving means at that station in accord 
ance with the different frequencies of the en 
ergy impulses received for selecting its station 
when the series of retransmitted energy impulses 
correspond to its Station code call but to remain 
non-Selected when the retransmitted series of 
impulses corresponds to the code call of some 
other station, whereby only one station is se 
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lected even though several stations transmit their 
code calls at the same time. 

15. In a communication system of the multiple 
frequency coded type for providing communica 
tion between a control office and a plurality of 
field stations, a code transmitter at said con 
trol office for transmitting energy impulses of 
distinctive frequencies to form different station 
codes and controls for such station, code receiv 
ing means at each field station, station select 
ing means at each field station controlled by its 
code receiving means and effective to select that 
field station for the reception of controls only 
in response to a series of energy impulses form 
ing a code characteristic of such field station, 
whereby controls can be transmitted from said 
control office to any desired field station, trans 
mitting means at each field station at times ren 
dered effective to transmit energy impulses of 
distinctive frequencies to form its station code 
and transmit indications from such station when 
it is selected, code receiving means at the con 
trol office responsive to the energy impulses of 
a series transmitted from any single field station 
to cause said code transmitter at the control of 
fice to retransmit corresponding impulses for se 
lecting that field Station to allow the transmis 
sion of indications, said code receiving means 
also acting when a plurality of field stations are 
transmitting their Station Codes at the Same time 
to retransmit for each impulse of the series a 
particular preferential distinctive frequency and 
thereby select the field station of the plurality 
having the most superior station code with re 
spect to said preferential frequency. 

16. In a communication System of the multiple 
frequency coded type for providing communica 
tion between a control office and a plurality of 
field stations, code transmitting means at each . 
field station for transmitting energy impulses of 
different frequencies to form a code assigned to 
its field Station, code receiving and transmitting 
means at the control office responsive to each 
energy impulse transmitted by a field Station for 
retransmitting an energy impulse similar to that 
impulse transmitted by the field station to there 
by transmit a series of impulses corresponding to 
the code assigned to a particular station as deter 
mined by that particular station, code receiving 
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means at each field station responsive to each 
energy impulse of said different frequencies 
transmitted by said control office, station select 
ing means at each field station controlled by said 
code receiving means at that station in accord 
ance with the different code receiving means for 
selecting its station when that series of retrans 
mitted energy impulses corresponds to its station 
code call, said station selecting means being ren 
dered ineffective to select that station whenever 
a retransmitted impulse fails to correspond with 
the original impulse transmitted from that sta 
tion, and means acting to stop transmission from 
a station whenever its station selecting means is 
rendered ineffective. d 

17. In a code system of the multiple impulse 
type, a single line circuit connecting a control 
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office with a plurality of field stations, code trans 
mitting means at each of the field stations effec 
tive to transmit a series of distinctive frequency 
impulses including Station Selecting code impulses 
characteristic of that field station and including 
indication impulses characteristic of the indica 
tion conditions at such field station, code receiv 
ing and transmitting means at the control office 
responsive to each distinctive station selecting 
code impulse applied to said line circuit by any 
given field station for contemporaneously apply 
ing an impulse of the same frequency to said line 
circuit, whereby the station selecting portion of 
said series of impulses transmitted by any given 
field Station is retransmitted from said control 

- office, station selecting means at each field sta 
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tion Selectively responsive to only the retrans 
mitted impulses applied to said line circuit at 
said control office for selecting its station pro 
viding such retransmitted impulses correspond to 
the code for that station to permit the trans 
mission of the indication impulses of the series 
then being transmitted, and indication storing 
means at the control office for each station con 
trolled by Said code receiving means at the office 
in accordance with the indication impulses of a 
Series belonging to that Station when it has been 
selected by the station selecting code portion of 
such Series. 

WILLIAMI. D. HAILES. 
FREDERICK. W. BRIXNER. 

  


