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My invention relates to apparatus for trans 
mitting electrical signals, and more particularly 
to apparatüs for selectively transmitting a rela 
tively large number of different electrical sig - 
nals. 

Signal systems are frequently required to 
transmit any one of a relatively large number 
of different electrical signals between two loca 
tions spaced apart. For example, railway sig 
nal Systems are required to transmit different 
controls and indications between an office or 
tower and a track layout for controlling and 
indicating the positions of track switches, sig 
nals and other devices of the layout. Further 
more, it is often necessary in such systems that 
each one of a relatively large number of elec 
trical signals be transmitted over a separate and 
independent circuit which includes conductors 
extending between the sending and receiving 
locations. 

Accordingly, a feature of my invention is the 
provision of novel and improved apparatus for 
transmitting a relatively large number of dif 
ferent electrical signals over a relatively small 
number of conductors. - 
Another feature of my invention is the pro 

vision of a novel arrangement of a plurality of 
control wires to provide a greater number of 
independent non-interfering two-wire circuits 
than the number of wires. 

Still another feature of my invention is the 
provision of novel means to multiply the num 
ber of different electrical signals that can be 
transi initted over a given number of control wires 
Which are formed into individual circuits of two 
Wires each. ? 

Again, a feature of my invention is the pro 
vision of a novel arrangement of a relatively 
large number of different control devices for re 
versibly connecting a current Source to each of 
a relatively large number of different non-inter 
fering two-wire circuits. 

Other objects and advantages of apparatus 
embodying my invention will appear as the 
specification progresses. 
The above features, objects and advantages 

of my invention are obtained by providing a 
plurality of conductors or wires between a send 
ing point and a receiving point, together with a 
Current Source and a plurality of different con 
trol devices at the sending point and a plurality 
of receiving or control relays at the receiving 
point. The conductors consist of a plurality of 
odd numbered wires and a plurality of even num 
bered wires. For example, six wires would be 
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numbered to S, inclusive, there being three odd 
numbered wires , 3 and 5, and three even num 
bered wires 2, 8 and 6. I combine these wires 
in combinations of two wires each, by each odd 
numbered wire being used with each of the even 
numbered wires. For example, when six wires 
are used, wire is used with each of the wires 
2, 4 and 6 to form three separate combinations 
-2, -4 and -6; wire 3 is used with each 
wire 2, 4 and 6 to form three combinations 3-2, 
3-4 and 3-5; and wire 5 is used With each 
wire 2, and 5 to form three combinations 5-2, 
5-4 and 5-5. Thus Six Wires are arranged in 
nine separate combinations of which the two 
Wires of each combination can be used to form 
a control circuit that does not interfere with the 
circuit formed by the wires of any other one of 
the combinations. Similarly, four Wires would 
form four combinations -2, -6, 3-2 and 
3-4; eight wires would form sixteen combina 
tions and ten wires would form twenty-five Con 
binations, and of course a larger number of 
Wires Would form a still larger number of Such 
combinations. 
At the sending point I provide a separate con 

trol device for each combination. Of the Wires. 
That is, there is provided a control device for 
each separate control circuit. Each control de 
vice is operable to different positions for govern 
ing circuit controlling contacts, and the control 
devices may be either manually operated Cr 
operated in response to different conditions of 
some suitable machine. One form of manually 
operable control device that may be used is that 
of the Spring return type of push button. When 
manually operable control devices are used I 
prefer to arrange the several control devices in 
horizontal rows and vertical columns, there be 
ing a row of devices for each odd numbered wire 
and a column or pair of associated columns for 
each even numbered wire. For example, in the 
case of six wires formed in nine combinations 
as explained above, there would be nine control 
devices arranged in three rows with at least three 
columns. 
The contacts governed by each control device 

are used for reversibly connecting the current 
source to the wires of the respective combina 
tion or circuit. Each control device is prefer 
ably biased to a normal position at which the 
contacts governed thereby are open and the cur 
rent source is disconnected from the associated 
circuit. In one operated position of a control 
device the current source is connected to the 
associated circuit to supply current of normal 







4. 
station S is used to govern the track switches 
and other devices of a track layout, controller 
Cl might be governed by a track relay of a track 
circuit. It is obvious that the electrical signal 
for governing each of the remaining operating 
Circuits shown at the right-hand portion of Fig. 1 
can be stored by a stick relay connected in the 
manner of stick relay S or f2S. 

It is to be seen therefore that in Fig. 1, I have 
disclosed apparatus whereWith eighteen separate 
electrical signals are transmitted over six Wires 
arranged in nine separate non-interfering two 
Wire circuits, and whereWith each of these trans 
mitted Signals can be stored at the receiving sta 
tion if desired. 

Referring to Fig. 2, four wires , 2, 3 and 4 are 
provided between office OF and station St, and 
as explained hereinbefore, these four wires pro 
vide four different combinations or circuits 1-2, 
-4, 3-2 and 3-4. At office OF of Fig. 2, eight 
push buttons are provided to form four control 
devices each of which reversibly connects the cur 
rent source to an associated control circuit, the 
operation of the push buttons of Fig. 2 being the 
same as described in connection with Fig. 1. At 
station S of Fig. 2 four polarized relays are pro 
vided and each of which is associated with a 
different one of the control circuits in the same 
manner as the control relays of Fig. 1. These 
four polarized relays of Fig. 2 are used to govern 
eight different repeater relays for multiplying 
the number of different electrical signals that 
can be transmitted over the four wires. I shall 
identify these repeater relays by the number of 
the push button by which the repeater relay is 
selected plus the letter P. For example, repeater 
relay. P is selected in response to operation of 
push button at the Office as Will appear here. 
inafter. In addition the station St is provided 
With two slow acting relaySA and D and another 
relay AD associated with the slow acting relays. 
As here shown, relays A and D are provided with 
slow release characteristics and the slow release 
period of relay A is used to determine the interval 
within which two control devices must be op 
erated Successively for an electrical signal to be 
transmitted from the office to select a desired 
operating circuit. 
Each repeater relay of station S is picked up 

over a circuit including a respective polar contact 
of the associated control relay, and then is re 
tained energized over a stick circuit governed by 
the slow release relay A. For example, relay P 
is picked up over a circuit including front con 
tact 50 and normal polar contact 5 of control 
relay -2, and is retained energized over a stick 
circuit including terminal B, front contact 6 of 
relay A and front contact 62 of relay P. Each 
of the remaining repeater relays is picked up over 
a circuit similar to that just described for re 
peater relay P and then is retained energized 
over a stick circuit including front contact 6 of 
relay A, front contact 6 of relay Abeing common 
to the stick circuits of all the repeater relays. 
The eight repeater relays are arranged in differ 

ent combinations of two relays each, such com 
binations being effected by the relay at one end of 
the group, such as relay P, being combined 
With each one of the remaining relays of the 
group and this arrangement being repeated for 
each one of the Successive relays. For example, 
repeater relay P is combined with each of the 
remaining relays f2P, 3P, i4P, 2 P, 22P, 23P 
and 24P; repeater relay 2P is combined with 
each of the remaining relays 3P, 4P, 2P, 22P, 
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23P and 24P; and so on until the entire group is 
exhausted. 
The two repeater relays of each combination 

when picked up complete an associated operat 
ing circuit. In this way the eight repeater relays 
provide twenty-eight combinations to govern the 
twenty-eight different operating circuits shown 
at the right-hand portion of Fig. 2, each such 
Operating circuit being identified by the numbers 
of the two relays of the respective combination 
separated by a hyphen. 
The relays A, D and AD are governed by the 

control relays. It is thought that the control of 
relays A, D and AD and of the repeater relays to 
govern the Operating circuits can best be under 
stood from a description of the operation of the 
apparatus of Fig. 2. 

Starting with the apparatus of Fig.2 at its nor 
mal condition wherein all the relays are released, 
I shall assume that push button is first de 
pressed to apply current of normal polarity to the 
circuit comprising wires and 2, and control relay 
-2 is energized at normal polarity. Control re 
lay -2 on picking up to close front contact 63 
completes a simple circuit for relay A and relay A 
is picked up. The energizing of relay -2 at nor 
mal polarity to close front contact 50 and normal 
polar contact 5 picks up the repeater relay f P 
after which relay ffP is energized by its stick cir 
cuit including front contact 6 of relay A. When 
push button f is released, control relay -2 is 
immediately released closing back contact 64 and 
a circuit is completed from terminal B over back 
contacts 64, 65, 66 and 67 of control relays -2, 
-4, 3-2 and 3-4, respectively, front contact 68 
of relay A Since relay A is slow releasing in char 
acter, Winding of relay D and terminal C, and 
relay D is picked up. I shall now assume that the 
Operator depresses push button 3 to apply cur 
rent of normal polarity to the wires and 4, 
whereby the control relay - is energized at 
normal polarity. The closing of front contact 69 
of relay -4 completes a circuit that can be traced 
from terminal B over back contact 64 of relay 
i-2, front contact 69 of relay -4, front contact 
70 of relay D and winding of relay AD to terminal 
C, and relay AD is picked up. Relay A is also 
Supplied With an energizing impulse over this cir 
cuit including back contact 64 of relay -2 and 
front contact 69 of relay -4, and hence remains 
picked up. The closing of front contact 7 and 
normal polar contact 72 of relay -4 selects re 
peater relay 3P, after which relay 3P is ener 
gized over its stick circuit including front contact 
6 of relay A. With relays A, D and AD all picked 
up as well as repeater relays i í IP and i3P, an op 
erating circuit can be traced from terminal B 
over front contacts 73, 74, 75, 76 and 77 of relays 
AD, D, A, P and 3P, respectively, and thence 
over wire -3 to an associated operating unit 
not shown. When push button f3 is released, the 
control relay -4 is immediately released to de 
energize relays A, D and AD, with the result that 
relay AD is released at once and relays A and D 
are each released at the end of their slow release 
periods. The release of relay AD to open front 
contact T3 opens the associated operating circuit. 
If, however, it is desired to retain an operating 
circuit closed then the circuit including wire 
- 3 would control a stick relay similar to the 

stick relay f S of Fig. 1. When slow acting relay 
A is released to open front contact 6 , both re 
peater relays P and 3P are deemergized and 
released With the result that the apparatus is then 
restored to its normal condition. Similarly, any 
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-combination of the repeater relays can be selected 
and a corresponding operating circuit closed by 
the operation of two control devices Successively 
Within the predetermined slow release period of 
relay A as will be apparent from an inspection of 
Fig. 2 taken in connection. With the description of 
the operation of the apparatus for Selecting the 
operating circuit -3. It is to be seen there 
fore that in Fig. 2 I have disclosed apparatus by 
Which tWenty-eight different electrical Signals can 
be transmitted by the use of four Wires to govern 
twenty-eight operating circuits. 

In Fig. 3, apparatus for multiplying the num 
ber of different electrical signals that can be 
transmitted for selecting different combinations 
of repeater relays in response to operation of two 
control devices simultaneously is disclosed. In 
Fig. 3 four wires between office OF and station S, 
eight push buttons at the office and four polarized 
control relays at the station are provided, the 
same as in Fig. 2. Since transmission of an elec 
trical signal requires simultaneous operation of 
the two control devices, it is clear that some Com 
binations of two push buttons cannot be used be 
cause of the possible shunt paths created when 
certain ones of the push buttons are simultane 
ously operated. For example, if push buttons 
and 2 are depressed at the Sane time, the CCIn 
ductors and 2 Will be shunted Over paths Cre 
ated through the contacts of the push buttons. 
There are, however, a possible twelve different 
combinations of the eight push buttons that can 
be simultaneously operated. These twelve combi 
nations consist of the following combinations 
1-3, -2, -23, f2-4, 2-22, 2-34, 
13—21 13—23, 4–22, 6–24, 24–23 and 22–24. 
in Fig. 3 a group of repeater relays similar to the 
group of repeater relays of Fig. 2 is provided and 
controlled by the control relays the Same as in 
Fig. 2, except for the fact that slow acting relays 
and stick circuits are not required in Fig. 3;be 
cause two control relays are energized Simultane 

- ously. The group of repeater relays of Fig. 3 in 
cludes only six relays, which six relays are used 
with the normal position of control relay -2 and 
the reverse position of control relay 3-2 to form 
twelve combinations to govern tWelve different 
operating circuits indicated at the lower right 
hand portion of Fig. 3. 
In describing the operation of the apparatus of 

Fig. 3 I shall assume that push buttons and 3 
are simultaneously depressed to supply current of 
normal polarity to each of the circuits compris 
ing wires I and 2 and wires : and 4. These two 
currents cause the two control relays -2 and 
-4 to be energized each at normal polarity. 
The closing of front contact and normal polar 
contact 72 of control relay -4 selects repeater 
relay 3P and relay f3P is picked up. Relay 3P 
and the normal position of relay f-2 form a 
combination that governs an operating circuit 
traced from terminal B over front contact 50 and 
normal polar contact 5 of control relay -2, 
front contact 78 of repeater relay 3P and thence 
over wire - 3 to an associated operating unit. 
When push buttons and 3 are released, the 
control relays -2 and -? are immediately de 
energized and the operating circuit is Opened and 
if it is desired to retain the operating circuit 
ciosed then the wire f -3 Would extend to a 
stick relay similar to the stick relay S of Fig. 1. 
In a similar manner each of the remaining eleven 
of the twelve operating circuits can be governed 
by simultaneous operation of the proper tWO cor 
responding push buttons at the office as Will be 

20 

S 
connection with the description of the manner 
whereby the operating circuit including wire 
f-3 is selected. It is to be seen, therefore, that 
in Fig. 3 I have disclosed apparatus effective for 

'S selectively transmitting twelve electrical signals 
Over four control Wires. 
'Referring to Fig. 4, the electrical signals that 

can be transmitted over four control wires by 
operation of two control devices simultaneously 
are multiplied by providing extra polar contacts 
on the control relays at the receiving station. 
Four control wires extend from office OE to sta 
tion S of Fig. 4 and are associated with eight 
push buttons at the office and four control relays 

5 -at the station in the same manner as described 
in Connection. With Fig. 3, except for the fact that 
-the control relays are provided with additional 
contactS. , Since transmission of an electrical sig 
'nai by simultaneous; operation of two control de 
vices is contemplated in Fig. 4, the eight push 
-buttons can be arranged to provide the twelve 
different Combinations of two each that do not 
create Shunt paths, the same as set forth in Con 
nection. With Fig. 3. The polar contacts of the 

25 -different COntrol relayStare combined in COmbina 
stions corresponding to the twelve Selected con 
binations for the push buttons and are used to 
govern the twelve different operating circuits in 
dicated at the right-hand portion of Fig. 4. 

f In describing the Operation of the apparatus 
of Fig. 4, I Shall assume that at the Start the? 30: 

-apparatus is at its normal condition wherein all 
the relays are released, and I shall assume that 
:push buttons and 3 are simultaneously de 
pressed to apply current of normal polarity to 
each of the circuits, including Wires f and 2 and 
... and , and thereby cause the control relays -2 
.and , 1-4 to be Simultaneously energized at nor 
mal polarity. Under this condition of the con 
trol relays, an operating circuit extends from ter 
trainal B. overfront contact 59 of relay. -2, front 
- contact of relay i-A, normal polar contact 72 
of relay -4, normal polar contact 5 of relay 
-2, and thence over wire i-3 to a corre 

45-sponding operating unit, Again, if push buttons 
2 and 25 are simultaneously depressed to apply 
currents of reverse polarity to the circuits includ 
ing wiresi and 2 and Wires 3 and 4, the two con 
trol relays -2 and 3-4 are Simultaneously en 

50 ergized at reverse polarity. This combination of 
the control relays completes an operating circuit 

: extending from terminal B over front contact 85 
of relay 3-4, front contact 86 of relay - -2, re 
verse polar contact 87 of relay -2, reversepolar 
contact 88 of relay 3-4, and thence. Over Wire 
2-26 to an associated operating unit. Similar 

'iy, simultaneous operation of the two push-but 
5-tons of any one of the twelve combinations set 
forth hereinbefore would energize two control re 
lays simultaneously to close proper polar con 
tacts to Select a corresponding operating circuit, 
as will be apparent from an inspection of Fig. 4 
taken in connection with the description of the 
manner of selecting the operating circuits -3 

65 and 2-24. 
It is to be seen, therefore, that in Fig. 4 I have 

provided apparatus for multiplying the possible 
number of electrical signals that can be trans 
mitted over four control wires by the use of addi 

to tional contacts of the control relays and the re 
peater relayS di SClosedi in Fig. 3 can be omitted. 

It is to be understood that the forms of the in 
wention disclosed in FigS. 2, 3 and 4 are in no 
manner limited to the use of four wires and addi 

35 

60 

apparent from an inspection of Fig. 3 taken in 75 tional wires may be used with each of these forms 



? 
of the invention if additional electrical signals 
are required, but four wires together with the 
asSociated apparatus are Sufficient to illustrate 
the principle of the invention. Furthermore, it is 
to be understood that my invention is not limited 
to the use of an equal number of odd numbered 
and even numbered wires, and that an odd num 
ber of Wires, such as 5, 7, 9, etc., can be used if 
desired. It is to be noted, however, that the most 
advantageous condition exists when an equal 
number of odd numbered and even numbered 
Wires are used. 
In Fig. 5 there is illustrated another form of 

push buttons that can be used as control devices. 
Control device i-2 of Fig. 5 would, for exam 
ple, correSpi0nd to the control device comprising 
push buttons and 2 of Fig. 3. The two con 
tact members of control device -2 are pivoted 
at the center and can be depressed to close either 
the left-hand pair of contacts or to close the 
right-hand pair of contacts but cannot be oper 
ated to close both pairs of contacts at the same 
time. Thus in Fig. 5, a push button cannot inad 
vertently be operated to place a short circuit on 
the Current Source. It is clear that other ar 
rangements of interlocking the different posi 
tions of the control devices can be used, such as, 
for example, that provided for levers of an inter 
locking machine. 
From the foregoing description it is apparent 

that apparatus embodying my invention has the 
advantages that a relatively large number of dif 
ferent electrical Signals can be transmitted over 
a relatively Small number of wires and that the 
number of Such signals that can be transmitted 
over a given number of wires can be multiplied 
by Irelatively simple and inexpensive apparatus. 
Although I have herein shown and described 

Several forms of apparatus embodying my inven 
tion for transmitting electrical signals, it is un 
derStood that various changes and modifications 
may be made therein within the scope of the ap 
pended claims without departing from the spirit 
and Scope of my invention. 

Having thus described my invention, what II 
claim is: 

1. In combination, a plurality of normally de 
energized polarized control relays, remote con 
trol means including control circuits one con 
nected to each of Said control relays and each 
of Which control circuits is operative to apply 
at times current of either normal or reverse 
polarity to the respective control relay, a group 
of repeater relays comprising two repeater re 
layS controlled by each control relay one over 
a normal polar contact of the respective con 
trol relay and the other over a reverse polar con 
tact of the respective control relay, a slow acting 
relay controlled by a circuit completed over a 
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front neutral contact of any one of said control 
relays, a stick circuit for each of said repeater 
relays and including a contact of said slow act 
ing relay, another relay controlled through a 
circuit including in series a back neutral con 
tact of each of said control relays, and a plu 
rality of different operating circuits each of which 
operating circuits includes in series a front con 
tact of each of two preselected repeater relays 
and a front contact of said other relay. 

2. In combination, a plurality of control re 
layS, remote control means including control cir 
cuits one connected to each said control relays 
and each of which control circuits is adaptable 
of energizing the respective control relay, a group 
of repeater relays one controlled by each of said 
control relays, a first and a second slow release 
relay, another relay, a first circuit completed 
at a front contact of any One of Said control 
relays to energize said first slow release relay, 
a second circuit including in series a back con 
tact of each of Said control relays and a front 
contact of Said first slow release relay to ener 
gize said second slow release relay, a third cir 
cuit including a front contact of any one of 
said control relays and a front contact of said 
Second slow release relay to energize said other 
relay, a stick circuit for each said repeater relay 
and including a front contact of Said first slow 
release relay; and a plurality of operating cir 
cuits each of which includes in Series a front con 
tact of said other relay, a front contact of Said 
Second Slow release relay, a front contact of said 
first slow release relay and a front contact of 
each of a preselected pair of Said repeater re 
lays whereby an operating circuit is energized 
only when said control means energizes a pre 
selected pair of Said control relays Successively 
within the slow release period of said first slow 
release relay. 

3. In combination, a plurality of normally de 
energized control relays, remote control means 
including control circuits one connected to each 
of said control relays to energize the respective 
control relay in response to an electric signal 
transmitted over the respective control circuit, 
timing means controlled by each control relay 

- when energized to initiate a time interval, an 
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other relay controlled through a circuit includ 
ing in series a back neutral contact of each of 
said control relays to check the normal posi 
tion of said control relays; and a plurality of 
operating circuits each of which operating cir 
cuits is governed by said timing means, said other 
relay and a preselected combination of two of 
said control relays when energized. Within said 
time interval. . * * ?? ” .. .......... " ? ??... --?? 

HERBERTA. WALLACE. 


