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The G.E.C. Selective Ringing Telephone 

System for Train Control 

ADESCRIPTION of the G.E.C. Selec-
tive Ringing Telephone System 
appeared in this Journal some years 

ago and it is the present intention to 
describe new features recently incorporated. 
At the same time, in order to make this 
article complete, the system as a whole will 
be surveyed, thus affording a full intro-
duction to descriptions it is proposed to 
publish in future issues of equipment for 
several interesting orders at present in 
hand. Since these examples of its applica-
tion will be concerned with railways, for 
which, of course, the system was specifically 
designed, no attempt will be made here to 
discuss the use of the system for any pur-
pose but train control. 

The actual routine of traffic control 
varies considerably with different Railway 
Companies, and it will be sufficient to 
mention that as trains pass over the section 
of line under their control, the signalmen 
must telephone information as to their 
movements to the control office, usually 
situated at the approximate geographical 
centre of the railway network. By means 
of this information the controller is able to 
keep up-to-date some form of log, chart or 
visible indicator which thus forms a record  

of train movements. At the waystations 
instructions are received from the con-
troller, who is responsible for the smooth 
running of the undertaking as a whole. 

As the points with which communication 
has to be established are located at intervals 
along the railway line, and as the distance 
to the most remote may be considerable, it 
is not economically possible to run more 
than one pair of wires along each section 
for control purposes. The telephone sys-
tem therefore comprises a number of party 
lines (Fig. 1), each serving perhaps fifty 
stations or more, and, particularly overseas, 
being up to several hundreds of miles in 
length. 

In small local telephone systems party 
lines are generally worked on the code call 
principle, a bell being connected directly 
across the lines at each station. To call 
any party a code of short and long rings is 
transmitted to all the bells and is answered 
only from that station which has been 
allocated the particular code transmitted. 

There are several objections to the wide-
spread use of code ringing for traffic 
control, chief amongst which are the 
impossibility of devising a code of reason-
able length for each of the large number of 
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stations , the length of time required to 
send out a long code , and the unnecessary 
ringing of bells at unwanted stations, with 
consequent distraction of attention. 

Efficient control obviously demands a 
telephone system in which any of a large 
number of stations connected across one 
pair of wires may be selectively called from 
a control point without calling signals being 
reproduced at unwanted stations, and by a 
minimum of effort on the part of the con-
troller Such systems are not new , prior 
to the development of an improved system 
by The General Electric Company seven 
years ago other systems had been in use in 
various parts of the world but were not 
characterised by the range of operating 
facilities, reliability, ease of installation and 
maintenance, and use of standardised tele-
phone apparatus, found in the G.E.C. 
system. 

Features of the G.E.0 System. 
(1) Up to 100 stations may be con-

nected to each line from the 
control office. 

(2) Calling from the control point by 
dial or pushbutton. 

(3) Any single station may be called 
by and may call the control officer 

(4) All stations on a line may be 
called simultaneously by dialling 
one "common call" number 

(5) Any pre-determined group of 
stations may be called simultane-
ously by dialling one appropriate 
"group call" number 

(6) Intercalling between waystations 
via controller 

Alternatively to (6), automatic 
intercalling between waystations 
by dial. 

A selective ringing line may auto-
matically be coupled to an existing 
code-ringing line for through calls. 

The selective ringing circuit, em-
ploying two line wires free from 
earth connexions, is largely inde-
pendent of earth faults and also 
permits :— 

Morse telegraphy over the two 
line wires arranged in an earthed 
phantom circuit, if desired. 

Speed of calling is high, less than 
four seconds being required for a 
call to be established. 

Ringing tone is fed to control 
office telephone. 

The system may be extended at 
any time by the addition of way-
station telephones. 

All waystation telephones are 
identical and may be used at any 
point on the line. 

Nominal voltage of waystation 
local battery may be as low as 
eight volts. 

Side-tone suppression by speak 
key or Gecophone anti-sidetone 
circuit. 

Apparatus is of robust design, 
making sealed units unnecessary 

Waystation telephones incorporate 
a jack for connexion of a small 
portable test set. 

• 
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Fig. 1.—Typical arrangement of waystations on a 
railway line, linked by a single circuit from control 
station. Showing individual and group numbers. 

A selective ringing telephone system 
differs from an ordinary system in that 
since the telephones are not served by 
individual pairs it is not possible to install 
a central exchange to make the selection of 
the wanted instrument. Selective appara-
tus, consisting of a rotary switch and relays, 
is therefore incorporated in each way-
station telephone and is designed to respond 
to impulses transmitted from the control 
point. Each station is allotted a number 
and by means of a suitable impulsing device 
the controller may call any station. Calls 
in the reverse direction are originated at the 
waystations merely by depressing a key. 

The capacity of 100 waystations per line 
is secured since the 25-point uniselector is  

now employed as the rotary switch at each 
waystation. The minor switch with a bank 
of ten contacts in each arc, which has 
hitherto been used, introduces limitations 
in the numbering scheme which make it 
impossible to serve more than 90 stations 
on a line and which reduce this number to 
72 if the common-call facility is included. 
In order to meet a demand for a greater 
number of stations on a line, a new type 
uniselector was employed. Development 
work on this switch has been completed in 
recent months and the result is a switch 
which incorporates the standard bank of 25 
contacts per arc and, when used in the 
selective ringing system, enables all the one 
hundred numbers from 00 to 99 to be 
employed. The provision of the common-
call facility reduces the total number of 
waystations per line by only one—to 99 
instead of 72 as when the minor switch is 
used. 

A further advantage secured by the use 
of the uniselector is that whereas originally 
a nominal voltage of 12 volts was required 
of the local battery at each waystation, it is 
now possible to operate on a nominal 
voltage of 8 volts (six primary cells). 

With its higher capacity and economy of 
local batteries, it is probable that the 
uniselector system will be in demand but 
where extensions to existing systems are 
required it may be important from a 
Railway Company's point of view to limit 
the variety of parts and to standardise 
maintenance practice. That being so, the 
minor switch can then be employed if 
desired. 
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Calling from Control Point. 

The means of impulsing from the 
control point is required to make little 
demand on the controller in order that he 
may give maximum attention to records, 
etc. A convenient impulsing device is, of 
course, the automatic dial and its incor-
poration was a feature of the development 
of the G.E.C. system. It has been 
favoured on installations of all sizes, many 
users definitely supporting the view that its 
ease of manipulation and low cost make it 
the ideal calling device. When, however, 
a large number of stations has to be called 
and the control officer is busily engaged, it 
may be considered that the dialling of even 
only the two digits necessary for each call 
may occupy too much time. Keysending 
is then preferred. Small push or lever 
keys are fitted in the control panel, one 
for each waystation, and are associated 
with an electrical sender which, on depres-
sion of a key, sends the appropriate number 
of impulses for selection of the wanted 
station. The action of the controller is 
thus limited to the momentary operation 
of a key 

At each waystation there is bridged 
across the lines a polarised relay (Fig. 3) 
which responds to impulsing and controls 
the stepping of the rotary selector, fed from 
the local battery Selectors at all way-
stations are stepped on receipt of impulses 
but only at the wanted station does this 
stepping result in circuit conditions such 
that the bell is rung. The bell continues 
to ring until either the receiver is lifted or 
the controller disconnects battery from the 

Fig. 2.—Typical Control Cabinet for one circuit. 

line by depressing a key fitted to his tele-
phone. 

It should be noted here that if a 
waystation receiver is inadvertently left off 
its hook, that station can still be called. 
The waystation circuit is so arranged that 
the bell will ring in the usual manner and 
may then be silenced by the momentary 
replacement of the receiver Thus a safe-
guard is given against any station being cut 
off from the controller in such circum-
stances. 

During the whole of the time that the 
bell is ringing a tone is superimposed on 
the line and reaches the controller's tele-
phone receiver through a transformer 
which forms part of an auxiliary circuit 
connected to the line at the control office 
during the calling period. As this tone is 
actually generated by the vibrations of the 
armature of the bell, its reception is a 
positive indication that the bell is ringing. 
When ringing tone ceases the wanted 
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Fig. 3.—Simplified circuit showing method of selecting waystation. 

station has answered, and the controller 
thereupon disconnects battery from the 
line in the manner already stated. 	This 
restores to normal the selectors at all 
stations, and conversation can proceed. 

Calling from a Waystation. 

If the controller is provided with a 
receiver of the headset type he can listen 
continuously on the line, and a distant party 
desiring to communicate with him need 
only lift the waystation receiver and speak. 
Such head receivers are, however, rather 
irksome to wear and since they also restrict 
the movements of the user, a bakelite 
handset is often preferred. 

The controller does not listen con-
tinuously on a handset and it becomes 
necessary to provide a means of calling 
him. Each waystation instrument is there-
fore equipped with a key which, when 
depressed, connects the local battery across 
the line, operating at the control office a  

sensitive relay which lights a calling lamp 
on the control desk. The relay locks and 
the calling lamp glows until the controller 
answers, although the key at the waystation 
is only momentarily depressed. 

It will be seen that the local battery at 
each waystation serves to operate both the 
waystation selector and the calling relay at 
the control point. Whilst a battery voltage 
of 8 volts is sufficient for the local circuit, it 
may not suffice for calling the control point 
if the line resistance should be high and the 
number of stations above the average. 
Consideration must therefore always be 
given to the necessity of increasing the 
battery voltage to 12 volts in order to ensure 
reliable calling of the control point. 

Common Call. 

In addition to the selection of any one of 
a large number of stations the controller, by 
dialling "00", may call simultaneously all 
the stations on one control line. When the 
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common call number is dialled the selectors 
at all stations are advanced to a position 
in which the bells are rung immediately 
Ringing tone is fed to the line from each 
station, where the circuit conditions are 
now such that on lifting the receiver the 
bell is not silenced. This indicates to the 
attendant that a common call is being made 
and prevents the confusion caused by a 
number of stations coming on to the line 
together and simultaneously announcing 
their identity Although the bells con-
tinue to ring, the ringing tone is cut off at 
each station as the receiver is lifted, until 
finally, when the last station answers, the 
tone ceases entirely The controller is 
therefore given a definite indication that all 
station attendants are listening on the line, 
and then disconnects the line battery to 
silence the bells. This service is commonly 
required for the communication of general 
instructions, time signals, etc., its value 
depending largely on the time to verify that 
every station has answered. When com-
pared with the usual roll call the method 
employed in the system under review is 
infinitely more rapid and accurate. 

Group Call. 

The group calling facility is a valuable 
feature devised to facilitate sectional con-
trol, applying particularly to the case of 
spur or branch line operation. By means 
of a simple arrangement of links in each 
waystation telephone, any pre-determined 
number of stations may be arranged to 
respond to a group call number It is 
usual to allot to such stations consecutive 
numbers, such as 31 to 39 in the case of a 

Fig. 4.—Typical waystation telephone. 

group of nine, and to employ 30 as the 
group number, dialling of which by the 
controller causes all stations in the group 
to be called. 

Intercalling between Waystations. 

The routine of traffic control demands 
that communication be established between 
any waystation and control point at the 
instigation of one or the other In some 
instances, however, the addition of inter-
calling between waystations is required and 
can be obtained in either of two ways. A 
waystation may call the controller and 
request connexion to another, the con-
troller then dialling the wanted number and 
leaving both parties on the line. Control 
of the line is still vested in the controller 
who may interrupt at his discretion in order 
to transmit urgent instructions. 
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Alternatively, intercalling may be auto-
matic, in which case each waystation 
telephone is fitted with a calling key and a 
dial (Fig. 5). After depression of the key the 
wanted number is dialled. If it should be 
required to maintain the advantage of 
freedom from earth connexions in order to 
facilitate telegraph working, then a register 
is provided, (Fig 6), generally at the control 
point, to receive dialled impulses from the 
waystation over the line loop. After storage 
of the two digits in this register the 
impulses are retransmitted over the loop to 
select the wanted station. Should there 
be, however, no objection to the use of a 
simplex circuit with earth return, then the 
register is unnecessary and dialling is 
effected over the simplex circuit into the 
regular transmitting unit at the control 
point, from which the impulses are at once 

Fig. 5.— Waystation telephone fitted with dial 
for automatic intercalling between stations. 

Fig. 6.—Register (cover removed). 

retransmitted over the line loop exactly as 
if the call originated at the control. Ring-
ing tone, fed to the calling telephone, is cut 
off when the called party answers, where-
upon the calling attendant restores the 
calling key and speaks. 

As before, the control officer retains 
authority over the line. 

Code Ringing Coupler 

In many instances it is found that there 
are occasions when connexion is desired 
between the control office and points which 
are not normally of sufficient importance 
to justify their being served by the main 
control telephone system. They may, for 
example, be signal boxes on a branch line 
of the railway carrying only light traffic. 
Such points are usually served by a local 
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code ringing system employing the well-
known type of railway telephone equipped 
with a relay to close the bell circuit, and a 
calling key by means of which a code of 
short and long rings may be sent to all 
stations. 

In order that the local code-ringing line 
may be operated when required from the 
controller's desk, auxiliary equipment is 
introduced at the junction point with the 
branch line, which point may or may not 
be a regular waystation. This auxiliary 
equipment is termed a code ringing coupler 
and serves, when its allotted number is 
dialled by the controller, to couple the two 
lines. 

The wanted station on the code-ringing 
line may then be called either by push-key 
or dial. By means of a push key on the 
control desk, operated for a series of long 
and short periods, the local battery serving 
the code-ringing coupler may be connected 
to the code-ringing line to ring the bell of 
the wanted telephone in a corresponding 
code. This practice requires the codes for 
the various stations to be known or readily 
determined by the controller, but when an 
immediate answer is not obtained, enables 
the station to be called again simply by 
repeated depression of the key 

Alternatively, battery may be connected 
to the code-ringing line by a slow-to-
release relay in the coupler, responding to 
dialling of digit 0 for a long period and to 
digit 3 for a short period. Thus, to call a 
station on the code ringing line, the number 
allotted to the code ringing coupler is  

dialled (exactly as for a regular waystation), 
followed by a code comprising the digits 
0 and 3, as, for example, 030 to represent 
long-short-long. This practice has the 
advantage that each station has its own 
number which the controller dials, but is 
open to the objection that in order to repeat 
the call if the first ringing of the bell should 
fail to produce an answer, the controller 
must again dial the code digits, which is 
not so simple a procedure as the depression 
of a key 

By means of the code ringing coupler it is 
also possible for stations on local lines to 
call the control office. As an addition to 
the local telephone instrument a key may 
be provided which, when operated, causes 
the code ringing line to be coupled to the 
main control system as before. Without 
any further action by the attendant, con-
versation can then be carried on if the 
controller is listening continuously on the 
line. If, however, no reply is received 
from the controller, the attendant operates 
the ordinary calling key once, causing the 
code ringing coupler to apply its local 
battery to the control line, and so light the 
lamp on the control desk. On completion 
of the conversation the lines are uncoupled 
when the attendant at the local station 
again operates the coupling key 

Morse Telegraphy. 
A morse telegraph channel may be 

obtained between any two points on the 
selective ringing line over an earthed 
phantom circuit, providing that a reason-
able degree of balance can be maintained. 
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Line Concentration Keys. 

Where several control lines are worked 
from one office, each requiring an operator's 
undivided attention during normal traffic 
periods only, it is the usual practice at other 
times to concentrate two or more lines on 
one position of the control desk. To pro-
vide for this the lines are not definitely 
terminated on any one position, but are 
connected to concentration keys which 
appear on all positions. A controller 
coming on duty, therefore, operates the 
concentration key associated with the line 
which he works and so connects his 
telephone and calling equipment to that 
line. Incoming signals will then be re-
ceived on his position until the concentra-
tion key is restored when they will appear 
on the master position. 

Such methods of distribution and con-
centration of lines in the control office are 
naturally dependent on the routine adopted 
and vary considerably with different trans-
port undertakings. 

Apparatus. 
Control Office Apparatus. 

The apparatus provided at a control 
office comprises :— 

(1) A dial per control officer. 

(2) A telephone and calling signal per 
control officer 

(3) A transmitting unit per line. 

(4) Batteries. 

Control Desk or Cabinet. 

The assembly of the control office 
apparatus is a matter of choice and to a 

Fig. 7.—Control Office Transmitting Unit. 

large extent is governed by the size of the 
system. Control may be effected from a 
small cabinet such as that illustrated in 
Fig. 2 which serves one circuit or from desks 
(Page 68) serving a large number of lines 
covering a wide area. 

Transmitting Unit. 

The apparatus in the impulse transmitter 
forms a separate unit which, for a single 
circuit, is shown in Fig. 7 Mounted on a 
teak backboard are a group of relays, 
impulse smoothing equipment, line pro-
tectors, line cut-off switches, battery fuses 
and a battery cut-off switch. 

Two line protectors are provided, each 
consisting of two fuses of the glass tube 
type, two heat coils and two lightning 
arrestors, assembled on a porcelain base 
with common cover This duplication is 
to allow the connexion of two lines serving 
different sections of the railway system but 
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which may be operated together as one 
circuit with a common numbering scheme, 
thus requiring only one transmitting unit. 

The impulse smoothing equipment com-
prises two retardation coils with con-
densers and resistances forming a filter in 
the dialling circuit. Its purpose is also to 
reduce sparking at the contacts of the 
impulsing relay, and to reduce interference 
with adjacent lines during dialling. 

Controller's Telephone Set. 

Where the controller listens continuously 
on the line his telephone comprises a 
standard head receiver and a transmitter 
which may be either of the breastplate or 
pedestal type. A footswitch is also pro-
vided for disconnecting battery from the 
line after calling a waystation, and for 
completing the transmitter circuit. The 
alternative instrument, for use when way-
stations are required to signal the con-
troller, is the ordinary hand combination 
set in which the pressel switch takes 
the place of the footswitch. The control 
cabinet of Fig. 2 is equipped with such 
a handset. 
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Fig. 8.— Line Volts. 

Fig. 9.—Waystation telephone open for inspection. 

Signalling and Speaking Batteries. 

As shown in Fig. 8 the voltage of the 
main battery for the supply of line current 
for signalling depends on the number 
of waystations served by a line and the 
resistance of the line loop. From this 
battery a 50 volt tapping is taken for the 
relay circuits in the control office, the 
transmitter current being obtained from a 
separate source. 

In addition to the equipment listed, a 
register is provided, as already explained, 
if automatic intercalling is required. 

Waystation Apparatus. 
The equipment at each waystation 

consists of :— 

(1) A telephone combined with a 
selector unit. 

(2) A line protector. 

(3) A battery 

As distinct from the earlier equipment, 
the telephone and selector are now fitted 
in one wall-type cabinet, thus simplifying 
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installation. A waystation telephone open 
for inspection is shown in Fig. 9 The 
circuit gives suppression of sidetone and 
also dispenses with the speak key, although 
in some instances it may be preferred that 
the key be fitted in order to avoid drain on 
the battery if attendants habitually listen 
over a considerable period for the line to 
become free before making a call. 

In 	Fig. 9 is seen the panel on which 
"U" links provide a simple means of 
arranging the instrument to respond to any 
particular dialled number The advantage 
of this device lies in the consequent stan-
dardisation of waystation equipment and the 
ease with which numbering schemes may 
be revised or altered if necessary in the 
event of extensions or changes being made 
to the system. 

In order that the different lengths of line 
separating each station from the control 
office may be allowed for in an effort to 
obtain approximately the same line P.D. 
at all stations, an adjustable compensating 
resistance is included in each waystation 
telephone. This is adjusted at each tele-
phone to give a specified current through  

the line relay by fixing two wires to selected 
terminals as seen in Fig. 9 The current is 
measured by a milli-ammeter included in a 
small portable test set which is plugged 
into a test jack fitted to the terminal cover 
The test set also enables measurement to be 
taken of the on-load voltage of the local 
battery, and a test to be made of the 
selector circuits from fast and slow dials. 

The local battery has already been 
referred to and it remains only to say that 
it is fitted in any convenient position near 
the telephone and, in the new telephones, 
may be tapped to provide a supply at 3 
volts for the transmitter circuit. 

A test conducted on an 8-volt battery 
supplying a uniselector shows that a battery 
of six G.E.C. L.4933 cells possesses a 
service life of well over six months on an 
average rate of 7200 calls from controller 
to line per month. During the test the 
selector was operated continuously for 81 
hours each day, the battery being afforded 
no opportunity to depolarise between calls. 
Calls originated at the waystations impose 
a negligible drain on the battery and were 
not taken into account. 
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