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The Introduction of Automatic Switching 
to the Inland Teleprinter Network 

1. INTRODUCTION. 
A detailed survey of the problem of providing a 

national automatic switching system for the Inland 
Public Telegraph Service was commenced by the 
Intersectional Telegraph Switching Committee in 1935, 
at the instance of the Retransmissions Committee. 
The object of the scheme was to enable any tele-
printer office to obtain connexion with any other 
teleprinter office by automatic selection, and so to 
establish a through telegraph circuit by switching 
together the various intermediate telegraph links 
between the offices concerned. By eliminating the 
necessity for the retransmission of telegrams at 
intermediate points, inherent with the point-to-point 
system then in operation, a reduction in the transit 
time of telegrams would be achieved, as well as 
material reduction in annual charges for the service 
as a whole, due to the consequential saving in staff 
costs. It should be noted that even with the increased 
engineering plant charges of the switching network, 
plant charges represent only a small proportion of 
total charges. 

Experimental equipment, using standard step-by-
step telephone switching apparatus as far as practic- 

able, was developed to meet the needs of the projected 
scheme, and installed in London and a number of 
provincial centres. 	Extensive engineering and 
traffic tests were carried out, and demonstrated the 
feasibility of providing a satisfactory switched service. 
As a result a decision was taken in 1937, to convert 
the Inland network to automatic working. All work 
in connexion with the project was suspended, however, 
at the outbreak of war in 1939. 

In the summer of 1945, a review of the scheme 
was undertaken, and the equipment which has been 
developed as a result incorporates the latest develop-
ments in design technique, and allows for the possible 
subsequent integration of the public switched service 
and the projected telex service based on the use of 
exclusively telegraph channels. 

2. LAYOUT OF THE NETWORK. 
The layout of the switching network is based on the 

provision of 24 switching centres (Fig.!), the number 
and location of which have been determined on 
economic grounds after due consideration of the 
traffic and engineering requirements. 

FIG. 1.—TELEPRINTER AUTOMATIC SWITCHING SYSTEM. 
LAYOUT OF SWITCHING CENTRES. 

3 



BELFAST 

LIVERPOOL 

MANCHESTER 

EDINBURGH 

XN XW T5 
GW NEWCASTLE 

CARDIFF 
BM 

[PALS OW BE GS 
EH LV MR Nu NT 

ZONE SWITCHING CENTRES 

AREA SWITCHING CENTRES CLASS I 

AREA SWITCHING CENTRES CLASS 

rn 
0 ABERDEEN 

YN XW T5 

HULL 
BN,B5 X 

LS GW 
BM B5 

XN XW,TS 

GRIMSBY 

XN,XW T5 
115,XN,XW 

BM,L5 

SWANSEA 

N 	BM,L5.GW 

EXETER 

BM,L5,GW 

XN XW.TS 

BOURNEMOUTH 85,BH,CF,EX50 BRIGHTON 

BANGOR 

To ensure adequate margin for the satisfactory 
operation of any two teleprinters when interconnected 
via the switching network, the switching centres have 
been divided into three categories, determined by the 
manner in which they are interconnected with other 
switching centres, and the characteristics of the 
station line circuits which may be connected to them, 
as follows :— 

Zone Switching Centres 
Birmingham Glasgow 	London North 
Bristol 	Leeds 	London West 

These centres will have direct teleprinter trunk 
circuits connecting them to all other Zone Switching 
Centres, to all Area Switching Centres Class 1, and to 
Area Switching Centres Class 2 where justified by 
traffic. 

Station lines connecting teleprinter offices to these 
centres may be either wholly physical lines having 
not more than 10 per cent. distortion, or VF channels 
with physical extensions having negligible distortion. 

Area Switching Centres Class 1 
Bangor 	Grimsby 	Manchester 
Belfast 	Hull 	 Newcastle 
Edinburgh 	Liverpool 	Nottingham 
Exeter 	London Centre Southampton 

These centres will be directly connected by tele-
printer trunk circuits to all zone switching centres, 
and to such other switching centres as may be 
justified by traffic. 

Only wholly physical station line circuits with a 
permissible maximum distortion of 10 per cent. may 
be connected to these centres. 

Area Switching Centres Class 2 
Aberdeen 	Brighton 

	Sheffield 
Bournemouth Cardiff 
	

Swansea 

Each of these centres will be directly connected by 
teleprinter trunk circuits to at least one zone switching 
centre, and to other switching centres where justified 
by traffic. 

Only wholly physical station line circuits—having 
negligible distortion—may be connected to these 
centres. 

The teleprinter trunk circuits interconnecting the 
switching centres, the network for which is shown in 
Fig. 2, will normally be VF channels, but excep-
tionally physical circuits may be employed between 
the three switching centres in London. 

SOUTHAMPTON 

FIG. 2.-TELEPRINTER AUTOMATIC SWITCHING TRUNK NETWORK 
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2.1 Transmission limits. 
The layout arrangements above described and 

depicted schematically in Fig. 3, ensure that the 
maximum number of links in a switched connexion 
does not normally exceed either two VF channels 
plus two physical station lines of not more than 
10 per cent. distortion, or three VF channels plus 
two physical station lines of negligible distortion. 

FIG. 3.—APPLICATION OF TRANSMISSION LIMITS. 

These limits have been adopted to provide the 
required high degree of accuracy in the transmission 
of teleprinter signals under normal routing arrange-
ments, whilst allowing ample margin for reception 
with alternative routing of traffic under emergency 
or breakdown conditions. 

The limiting lengths of physical line which may be 
employed to meet the permissible distortion limits 
for station line circuits are shown in Table I. The 
figures quoted are equally applicable for 10, 20 or 

TABLE 1. 
Limiting distances for physical station line circuits routed 
in 10, 20 or 401b star quad, twin or multiple twin cable. 

Maximum length of line (miles) 

10% distortion 	Negligible 
distortion 

2-wire simplex 
non-relayed 

2-wire simplex relayed 
2-loop simplex relayed 

NOTE 1. The limits quoted for twin and multiple twin 
cables apply to side and phantom circuits. 

NOTE 2. This figure would be 23 miles but for the require-
ment that when two physical lines are switched 
together the total cumulative distortion should 
not exceed 25%. 

401bs conductor, as the signal distortion is due almost 
entirely to capacity coupling between adjacent con-
ductors and is practically independent of conductor 
weight. Tests on 401b or 701b screened conductors 
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Method of working 
employed 

20 (Note 2) 

45 
>90 

20 
>90 

10 	 2.3 Impulsing limits. 

showed that the distortion was negligible up to 
distances greater than those likely to be encountered 
under automatic switching conditions, and limiting 
figures are not, therefore, quoted. 

When, by application of these limits, teleprinter 
offices cannot be connected to their nearest switching 
centre by physical circuits of appropriate type, it will 
be necessary to connect them by VF channels to a 
zone switching centre, although it should be noted that 
in many cases connexion by VF channels has been 
employed for economic reasons. Fig. 4 shows the 
resulting network of VF station lines connected to 
zone switching centres. 

Most of the distortion arising in a physical telegraph 
circuit is due to interference from other telegraph 
circuits working in the same quad. With duplex 
working between teleprinter offices, the possibility of 
three interfering circuits in one quad has to be 
allowed for, but under automatic switching conditions 
teleprinter transmission will normally be in one 
direction only, thereby restricting the potential 
number of interfering circuits in a quad to one, and 
the line limits given in Table 1 are based on this 
assumption. 

The occasional setting up of switched duplex 
circuits (para. 3.6 refers) to deal with heavy con-
centration of traffic will normally be from a switching 
centre to a dependent teleprinter office, involving only 
one link in the connexion, and the limits adopted do 
not require to be modified on this account. 

2.2 Resistance limits — physical station line 
circuits. 

To cater for the " out-of-service " facility from 
teleprinter offices served by physical station lines, 
special circuit arrangements have been employed for 
both the non-relayed and relayed line terminations, 
which necessitate that the leg resistance of the 
physical circuit concerned should be limited to 
1,060 ohms and 3,500 ohms respectively. These 
values are the equivalent of 12, 40 and 20 route miles 
of 101bs conductor for non-relayed, 2-wire relayed, 
and 2-loop relayed circuits respectively, the limits 
for 201bs conductor being, of course, double these 
values, and so on. 

Having regard to the normal standards for the 
provision of medium to long physical line circuits, 
it is unlikely that the line limits imposed by resistance 
considerations will often be restrictive. 

Rigorous and extensive tests have shown that the 
impulsing arrangements adopted to operate the 
2,000 type selectors employed in the system will 
function satisfactorily with all factors simultaneously 
adverse, up to the maximum number of links stipula-
ted in paragraph 2.1. 

2.4 Possible use of regenerative repeaters 
On account of their geographical position relative 

to the main switching network it may not be possible 
to connect a small number of remote teleprinter 
offices to the switching system in accordance with 
the provisions of para. 2.1. Such offices would either 
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be excluded from the network, messages being re-
transmitted, or alternatively connected to the network 
but restricted in some degree as to the offices to 
which direct dialling access could be obtained. The 
development of electronic regenerative repeaters of 
a type suitable to meet the requirements of the 
switching system has, however, reached a forward 
stage, and their possible application to the network, 
including the case of remote teleprinter offices, is 
receiving attention. 

3. LINE AND SWITCHING PLANT-BASIS 
OF PROVISION. 

The proportion of the cost of a telegram represented 
by the plant used to carry the signals is very small. 
Hence cost economies must be achieved by reducing 
staff costs, even if some increase in plant costs is 
necessitated. The introduction of automatic switching 
and consequent elimination of re-transmission at 
intermediate points will clearly reduce staff costs 
materially, but these savings would be largely offset 
if due to insufficiency of plant a number of repeated 
attempts had to be made to dial a call to completion. 
Further, the anticipated reduction in the transit 
times of telegrams would not be realised. 

These factors have received full consideration 
during the development of the switching system, and 
as a result some novel facilities have been incorporated 
in the switching equipment, notably the provision of 
delayed hunting (or suspense) conditions on calls 
offered to the small groups of station line circuits, 
should all lines in the required group be engaged, 
coupled with facilities whereby the call is overflowed 
to the area office teleprinters at the switching centre 
concerned should a line in the group not become free 
within a period of 30-60 seconds. 

The agreed basis of provision for lines and switching 
plant is stated in detail below. A common factor 
which should be noted, however, is that in applying 
the traffic tables to determine the actual plant pro-
vision the busy-hour traffic at times of peak-season 
load, e.g., Christmas or other holiday period, is taken 
as the criterion, from which it follows that for by far 
the greatest proportion of the time the actual grade 
of service would be considerably better than the 
figures quoted. 

The duration of each message or call is of obvious 
importance in determining traffic quantities, and 
observation on this factor during the pre-war grade 
of service tests resulted in figures of 62.5 seconds for  

originated calls and 50 seconds for received calls, 
as an average of 10,171 messages transmitted. A 
figure of 60 seconds holding time for all calls has been 
adopted for design purposes. 

3.1 Teleprinter trunk circuits. 

These, the main trunk circuits interconnecting the 
switching centres, will be provided to give a grade of 
service of .002 (1 lost call in 500). 

The trunk circuits will be routed from the levels of 
200 outlet group selectors, and will be provided on a 
bothway basis up to a maximum of 20 lines-the 
limit for full availability conditions. 	Routes in 
excess of this size will be divided •into incoming, 
outgoing and bothway components, gradings being 
employed where necessary. 

The standard traffic capacity table employed is 
reproduced in Table 2, showing interpolated the 
number of messages equivalent to the stated T.U. 
value for a holding time of 60 seconds. 

3.2 Lines to teleprinter offices. 

The station line circuits which interconnect tele-
printer offices with the switching centre equipment, are 
routed for outgoing traffic from the contacts of a 
200 outlet final selector, which provides group 
hunting facilities on groups of 2-20 lines. Routes of 
up to 20 lines will be provided on a bothway basis, 
above which division into unidirectional and bothway 
circuits would be arranged. Requirements in excess 
of those which can be given with full availability 
are not anticipated. 

The inefficiency of small groups of circuits in 
carrying automatically switched traffic with a 
reasonable grade of service is well known. The delayed 
hunting facility incorporated in the final selector, 
however, provides for a marked improvement in this 
respect, serving also to reduce the percentage of 
traffic overflowed to the area office teleprinters. 

The special traffic table giving the agreed basis of 
provision is reproduced in Table 3, columns 1-3. 
Columns 4 and 5 show the estimated percentage of 
messages " delayed " and " overflowed ", and column 
6 the average delay incurred by delayed messages. 
The figures as a whole take into account that the 
delayed hunting (or suspense) facility allows for 1 
waiting call on groups of 1 	4 circuits, and 2 waiting 
calls on groups of 5 or more circuits, any excess calls 
above these figures being routed without delay to the 
overflow teleprinter positions. 

TABLE 2.-BASIS OF PROVISION OF TELEPRINTER TRUNK CIRCUITS (GRADE OF SERVICE 1 IN 500). 

No. of 
Trunks 

Traffic 
Units 

No. of 
Messages 

 No. of 
I 	Trunks 

Traffic 
Units 

No. of 
Messages 

No. of 
Trunks 

Traffic 
Units 

No. of 
Messages 

No. of 
Trunks 

Traffic 
Units 

No. of 
Messages 

1 .002 - 11 4.02 241 21 10.70 642 31 
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2 .065 4 	12 4.63 278 22 11.32 679 	32 1054 
3 .25 15 	13 5.27 316 23 11.95 717 	33 1092 
4 .53 32 	14 5.92 355 24 12.57 754 	34 1129 
5 .90 54 15 6.58 395 25 13.20 792 	35 1167 
6 1.32 79 16 7.26 436 26 13.82 829 	36 1204 
7 1.80 108 17 7.95 477 27 14.45 867 37• 1242 
8 2.31 139 18 8.64 518 28 15.07 904 38 1279 
9 2.85 171 19 9.35 561 29 15.70 942 39 1317 

10 3.43 206 20 10.07 604 30 16.32 979 40 1354 

NOTE.-Grading with availability of 20 assumed on trunk routes of 21-40 circuits. 



TABLE 3.-BAsIs OF PROVISION OF STATION LINES. 

No. of 
Lines 

Traffic 
Units 

No of 
Messages 

Estimated %age 
of messages 

Overflowed 	Delayed 
(Note 2) 

Estimated 
delay on 
delayed 

calls 
(Secs.) 

No. of 	Traffic 
Lines 	Units 

No. of 
Messages 	  

Estimated %age 
of messages 

Overflowed 	Delayed 
(Note 2) 

Estimated 
delay on 
delayed 

calls 
(Secs. ) 

1 .30 18 8.4 21.6 34 11 6.00 360 1.0 
' .70 42 4.7 13.3 26 12 6.60 396 
3 1.15 69 4.0 9.0 15 13 7.30 438 1.0 
4 1.65 99 2.2 7.8 12 14 8.00 480 
5 2.33 140 2.1 6.1 9 15 8.80 528 
6 2 94 176 16 	9.60 576 1.0 
7 3.60 216 1.5 4.5 5 17 
8 4.30 258 1.35 18 
9 4.80 288 19 

10 5.40,  324 1.1 2.9 3 20 

NOTE 1.-Assumes provision for 1 " waiting " call on groups of 1-4 lines ; and for 2 "waiting" calls on groups of 5-20 lines. 

NOTE 2.-In practice these figures are hale ed, the other half being in the form of delay to traffic originated at the teleprinter end 
of the line. 

It will be noted that so far no specific reference has 
been given to the grade of service provided by this 
Table. From the viewpoint of the disposal of traffic 
from the originating office, an " overflowed " call is 
a completed transaction, and no further dialling 
attempts have to be made. Hence the grade of service 
can be regarded effectively as that provided for the 
outlets to the overflow teleprinter positions, i.e., 
1 in 500 (para. 3.3 refers), since this is the only point 
at which an engaged condition can be encountered 
when a call has reached the final selection stage. 
Alternatively, from the overall service viewpoint, 
overflowed calls have to be retransmitted from the 
area office, where they are received, to the objective 
teleprinter office, and hence the number of such 
transactions becomes the measure of the service 
provided. By this criterion, the grade of service for a 
single circuit office is 1 in 25, for a 5 circuit group 
1 in 97, and for a 10 circuit group, 1 in 166. These 
figures do not, however, take into account the weight-
ing effect of the varying numbers and sizes of the 
groups of circuits connected to a switching centre. 
A more effective method of demonstrating the effect 
of applying the above standards can be obtained by 
considering the aggregate effect at a typical zone 
switching centre, under average traffic conditions, for 
which it has been estimated that of the total of 1964 
calls offered in the busy hour to its various groups 
of station lines, 26 (1.3%) would be overflowed and 
78 (4%) would be delayed. The estimated increase in 
the duration per call due to the suspense facility 
would be 0.65 seconds. 

Finally, as regards all the above figures, it should 
be noted that these assume all traffic to be offered 
from the switching equipment to the teleprinter 
office. In practice such circuits will carry traffic in 
both directions, and hence the percentages of calls 
suspended and overflowed would be half that quoted, 
the other half being in the form of delay to originated 
traffic at the teleprinter end of the circuit. 

3.3 Zone or area office teleprinters. 

To keep dialling time to a minimum, and to 
economise in switching plant, the circuits to the 
teleprinters in the instrument room associated with  

each switching centre will be routed from a first 
selector leyel, and provided to give a grade of service 
of 1 in 500. For these circuits the cost of line provision 
is not a determining factor, as the instrument room 
will normally be located in the same building as the 
switching equipment. 

In addition to handling the normal area office 
traffic, originating and received, the overflow traffic 
from all station line circuits served from Final 
Selector Units at the switching centre will be routed 
at most offices to the same common group of tele-
printers, and will thus be afforded the same grade of 
service. Where the aggregate amount of overflow 
traffic is sufficient, however, to justify the provision 
of a separate group of " overflow " teleprinters at the 
area office, this arrangement will be adopted, initially 
in order to facilitate the subsequent retransmission 
of the messages, and ultimately to simplify the 
probable application of printing reperf orators and 
auto-transmitters for the storage and retransmission 
of this traffic. 

3.4 Switching equipment. 
Switching equipment will be provided to give a 

grade of service of .001 (1 lost call in 1,000). 

3.5 Point-to-point teleprinter circuits. 
Circuits connecting together two offices having a 

sufficient quantity of direct traffic to justify their 
retention will continue to be provided. Such circuits 
will continue to be operated on a duplex basis. 

In this connexion it is of interest to note that such 
is the diversity of traffic distribution in the inland 
network that the total estimated number of direct 
point-to-point circuits which will be retained after 
the completion of the automatisation programme is 
15, comprised of single circuits from 15 provincial 
offices, all of which will terminate at the Central 
Telegraph Office, London. 

3.6 Duplex positions. 
To facilitate the disposal of traffic accumulated due 

to breakdown conditions, or of heavy traffic due to 
emergency conditions or unpredictable local events, 
a separate group of duplex teleprinter positions will 



be provided at each area office, to which access may 
be gained by dialling a special final selector number. 
Suspense and overflow facilities are not required on 
these circuits and will not be provided. At least one 
duplex position will also be provided at each tele-
printer office handling traffic in both directions. 

These arrangements will enable emergency point-
to-point duplex circuits to be set up over the switching 
network, which may be used continuously for the 

overload " period. From a technical viewpoint the 
duplex positions will be identical with the normal 
teleprinter positions, but will have physical dimensions 
of 5ft. 6in. compared with the normal 4ft. 6in. or 
4ft. 9in. 
3.7 Enquiry positions. 

A separate group of enquiry teleprinter positions, 
to deal with RQ and similar traffic will be provided 
at each switching centre, access being gained by 
dialling a special final selector number without 
suspense or overflow facilities. 
3.8 Grade of service tests. 

The probable effects of traffic overloads on both 
trunk and station lines were given careful consideration 
when establishing the standards to be used. The 
estimates were subsequently verified by a series of 
traffic trials using the pre-war experimental switching 
equipment, during which some 3,000 dummy messages 
and 10,000 live messages were transmitted. The 
amount of overflow traffic was found, in general, to be 
less than estimated, for both normal and overload 
conditions up to 100%. The value of the suspense 
facility was also confirmed, particularly during a 
500% overload test to a 2-circuit teleprinter office, 
during which it was also noted that no difficulty was 
experienced at the small office concerned in originating 
calls against the overload condition. 

The conclusions drawn as a result of these trials 
are equally applicable to the post-war scheme, since 
the traffic facilities involved have remained virtually 
unchanged. 
3.9 Traffic recording. 

To enable the grade of service to be maintained, 
both on the automatic switching equipment, and the 
groups of trunk circuits, standard BPO type auto-
matic traffic recorders will be provided at all switching 
centres. Overflow meters will also be provided where 
applicable. 

4 TRUNKING ARRANGEMENTS. 

4.1 Area numbering scheme. 
To meet the specific requirements of the Public 

Telegraph Service, a direct dialling system, without 
storage or translation facilities has been adopted. 
Consequently, to ensure the most economical usage 
of line plant and switching equipment, and to keep 
the number of dialled digits to a minimum, an area 
numbering scheme will be employed. Thus the 
number to be dialled to reach a given office will 
depend on the area in which the originating office is 
situated. 

Nevertheless a common " directory " will be issued 
for the country as a whole, this being made possible 
by the use of a mixed letter and figure code to 
designate each office, e.g., BM531, where the letters  

are the telegraph code of the parent switching centre, 
and the numerals represent the number allocated to 
the office concerned at this centre. To determine the 
complete number to be dialled at any originating 
teleprinter position, the operator would ascertain the 
numerical equivalent of the letter designation (e.g., 
12 for BM) from the dialling code list displayed on the 
front of the dialling unit, the resultant number to 
be dialled being 12-531. It should be noted that the 
identifying code BM531 will normally be inserted on 
a telegram at the circulation positions in the originat-
ing office before being passed to the forwarding tele-
printer operator for transmission. 

The adoption of an area numbering scheme, coupled 
with the circulation arrangements above described, 
will enable the alternative routing of traffic under 
prescribed conditions to be readily effected, it being 
necessary only to show the alternative dialling code 
for each switching centre, and not for each office. 

A schematic diagram which illustrates the routing 
of typical calls over the network, is given in Fig. 5. 
From 1 to 7 digits may be necessary to establish a 
call although the weighted average will be of the order 
of 4 digits. The numerical value of the digits dialled, 
as well as the number of digits, affects the time taken 
to dial a call, and hence consideration has been given 
to the traffic loading in allocating the selector levels at 
each switching centre, in order to keep the dialling 
time to a minimum. 
4.2 Typical trunking arrangements. 

A skeleton trunking diagram for a typical small 
area switching centre (Bournemouth) is given in 
Fig. 6, from which it will be seen that a 3 digit 
numbering scheme is employed for the groups of 
station lines from the final selector unit, access to 
other switching centres being from the levels of first 
selectors, i.e., a single digit dialling code. 	Level 
" O " of the first selector is used to give direct dialling 
access to the area office teleprinters associated with 
the switching centre, while the overflow level (level 1) 
of the final selector is teed to the same outlets in order 
to route the overflow traffic to the area office tele-
printers. Level 9 of the first selector is reserved for 
possible use in connexion with the proj ected revised 
Telex service, and level 1 used for access to a separate 
rank of special services final selectors, the purpose 
of which is described later. 

The trunking arrangements at all other switching 
centres will conform to the same general principles, 
excepting that with increase in size of the centres 
concerned, and also of their classification, he provision 
of second numerical selectors and of additional final 
selector ranks becomes necessary. The limit of such 
arrangements without recourse to a 4 digit numbering 
scheme is typified in Fig. 7, which shows the ultimate 
arrangements for the Birmingham zone switching 
centre, where all dialling codes are of two digits. It 
will also be noted that the overflow level of the final 
selectors is shown routed direct to a separate group of 
teleprinters situated in the zone office, for the reasons 
previously stated in para. 3.3. Exceptionally, in the 
London zone switching centres, London West (XW) 
and London North (XN), a 4 digit, and a mixed 3 and 
4 digit numbering scheme respectively, will be em-
ployed. 
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4.3 Night service arrangements. 
Generally the zone or area office functions also as 

the night-appointed office for the switching area. 
Calls are always dialled to the destination office, and 
are overflowed to the area office without delay if the 
destination office is closed. In this way the use of 
night service codes is avoided and the closing time of 
offices can be varied without prior notice. 

Where these arrangements do not meet traffic 
requirements, either auxiliary overflow centres as 
described below will be employed, or special night 
dialling codes will be used. 
4.4 Auxiliary overflow centres. 

Certain offices which are not switching centres, 
but which are well situated to act as a " night-
appointed office " for the smaller offices in their 
geographical area, have been designated as auxiliary 
overflow centres. These centres will handle overflow 
traffic from their associated smaller offices at all 
times, including night traffic which will be overflowed 
without delay when an office is closed down. Typical 
centres are Cambridge and Canterbury. 

From Fig. 8, it will be seen that by providing a 
separate rank of final selectors to serve the teleprinter  

offices in the designated area, the overflow traffic 
from these offices may be segregated from the switch-
ing centre overflow traffic, and connected to the outlets 
serving the auxiliary overflow centre. The normal 
arrangements will be to allocate a 2 digit dialling code 
to give direct access to such centres—the circuits 
being provided to give a grade of service of 1 in 500—
the overflow level of the final selector rank concerned 
being teed to the allocated second selector level. 
Exceptionally, where the total traffic is small, the 
overflow level of the final selector rank may be allo-
cated as the number of the auxiliary overflow centre, 
thereby automatically ensuring that overflow traffic 
from all other offices served by the final selector unit 
is routed to this centre. 

The first-mentioned arrangement is also applied to 
the London ring offices not associated with switching 
centres, i.e., London East (XE), which is connected 
to the London North zone switching centre, and 
London South (XS) connected to the London West 
zone switching centre. The simplified trunking 
diagram for this latter centre (Fig. 9) clearly illus-
trates the effect of providing such facilities on the 
trunking arrangements for a zone switching centre. 

FIG. 9 .-SKELETON TRUNKING DIAGRAM-LONDON WEST ZONE SWITCHING CENTRE. 
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4.5 Arrangements for bothway circuits. 

The use of bothway trunk circuits provides a special 
problem, since on seizure of a circuit it is not possible 
to guard against the intrusion of a call in the reverse 
direction for the transit time of the calling signal over 
the line, plus the time required to operate the guarding 
relay at the distant end. Although the operate time 
of the guard relay has been kept at less than 1 mS, 
the transit time of the calling signal over a VF channel 
may be appreciable, being composed of a constant 
delay of 40 mS due to the filter-networks in the 
MCVF equipment, plus a variable delay governed by 
the route mileage and characteristics of the line 
employed, which could also approach 40 mS for a 
long heavily loaded audio circuit. 

To assess the probability of simultaneous con-
nexions arising, calculations have shown that for a 
group of 20 bothway circuits the figures are 1 in 56 
for a 100 mS delay period, and 1 in 150 for a 40 mS 
delay, assuming that the traffic is equally divided 
and offered in the same order to the circuits at either 
end. By reversing the order of testing as between the 
two ends, however, the probability of simultaneous 
connexions is reduced to the order of 1 in 10,000. 

Although there is no possibility of losing messages 
due to simultaneous connexions, confusion would 
undoubtedly arise, as well as delay in the transmission 
of telegrams, and for these reasons bothway trunk 
circuits will be reversed in their order of connexion 
to selector outlets at the two ends, not only on wholly 
bothway routes, but also for routes divided into 
unidirectional and bothway components, where the 
unidirectional circuits should be arranged as the 
early choice outlets at either end. 

To minimise the possibility of simultaneous con-
nexions on station lines working on a bothway basis, 
it will be arranged that messages originating at the  

teleprinter offices will be so distributed to teleprinter 
positions for forwarding, as to be offered effectively to 
the station line circuits in the reverse order to the 
order of testing at the switching centre. 

5. CONVERSION PROGRAMME. 

The conversion of the existing network to automatic 
working will proceed by stages, the policy being to 
complete the installation of the zone switching 
centres as early as practicable, as will be seen from the 
installation programme given in Table 4. 

For the initial phase of the scheme, which will 
partake also of the nature of a large scale field trial, 
London North and Birmingham zone switching 
centres will be opened for service, with switching 
equipment provided on a limited scale to carry only 
about 10% of the traffic these centres will ultimately 
handle. At all other stages, however, the automatic 
equipment installed initially at the switching centres 
will be provided to meet ultimate requirements, since 
the conversion programme has been planned for 
completion by Autumn, 1952. 

The detail planning of the conversion programme 
has, to a large extent, been governed by the adoption 
of the Teleprinter No. 11B for use in the automatic 
system (para. 6(1) refers), since the possibility of 
interworking between the automatic network and 
the existing teleprinter manual switching scheme 
using the Teleprinter No. 3 has thereby been precluded, 
due to differences in the speed and code allocations 
of the two instruments. Other factors, such as 
availability of accommodation, and of staff training, 
coupled with the usage of two different teleprinter 
keyboards during the conversion period, have also 
required due consideration to be given them, del ails 
of which are beyond the scope of the present paper. 

TABLE 4.-INSTALLATION PROGRAMME FOR SWITCHING CENTRE EQUIPMENT. 

Stage Target Date 	Zone Switching 	Area Switching Area Switching 
Centres 	Centres Class I Centres Class II 

1 Spring 1950 Birmingham 
London North 

Spring 1951 Bristol 	 London Centre 
Leeds 	 Manchester 
Glasgow 	 Exeter 

Newcastle 
Nottingham 

3 Autumn 1951 London West 	Edinburgh Cardiff 
to Grimsby Sheffield 

Spring 1952 Hull Swansea 
Liverpool 

4 Autumn 1952 Bangor Aberdeen 
Belfast Bournemouth 
Southampton Brighton 
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6. TELEPRINTER POSITION EQUIPMENT. 
The main functional items of equipment concerned 

are the teleprinter, and the dialling unit. At large 
offices these items will be mounted on a continuous 
bench, and power supplies for driving the teleprinter 
motor and for signalling purposes, will be obtained 
from 80+ 80V batteries. At smaller offices, however, 
up to say 8 positions, a new design of unit table is to 
be installed, which, owing to its special shape, should 
facilitate the layout of the positions, and also ease 
the accommodation problem, as all engineering equip-
ment is contained within the table unit. Fig. 10 
illustrates the " L " shaped table, and shows also 
the teleprinter, dialling unit and rectifiers for providing 
the signalling and motor supplies. To provide easy 
access for maintenance, the chassis on which the 
rectifiers mount can be pulled forward from below the 
table top. 

FIG. 10.—UNIT TABLE EQUIPMENT. 

6.1 The Teleprinter No. 11B. 
The Teleprinter No. 11B (Fig. 11), which will replace 

the existing teleprinter No. 3 as the changeover to 
automatic switching proceeds, is a new design of tape-
printing teleprinter, which conforms to CCIT recom-
mendations as regards speed (50 bauds) and code 
(International Alphabet No. 2), and incorporates a 
20 character answer-back unit. 

The more notable features of the new design are :— 
(a) Ribbon inking. 
(b) External paper mounting, paper feed and 

printing mechanism. 
(c) Paper failure alarm contacts integral with the 

machine. 
(d) Receiving cam orientation device. 
(e) Improved type-head clutch. 
(f) Positive operation of the keyboard com-

bination bars by the key levers, using " saw-
tooth " principle. 

(g) " Run-out " key for obtaining repetitions of 
any desired character. 

(h) " Here-is " key for tripping the answer-back 
unit locally. 

(1) Improved type face. 
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Fro. 11.—TELEPRINTER No. 11B AND DIALLING UNIT. 

6.2 The dialling unit. 
The dialling unit (Fig. 11) is a self-contained item, 

mounting the dial, three supervisory lamps, and six 
keys. The case of the unit, which has been made of 
sufficient height to enable the main supervisory 
lamps to be seen readily from a distance, also contains 
the switching relays (accommodated on a jacked-in 
relay set to facilitate maintenance), the motor start-
stop relay, and other components. The functions of 
these various items will be covered in following 
sections. 

7. OPERATING FACILITIES AND SERVICE 
SIGNALS. 

The major facilities provided from an operating 
viewpoint are summarised below :— 

Outgoing calls. The sending operator depresses the 
dial key. When a free first selector has been seized 
the white opal dial lamp glows, and the teleprinter 
motor starts. The operator then dials the required 
number, and establishment of the connexion is 
indicated by the automatic return of the answer-back 
signal from the distant teleprinter, preceded by the 
darkening of the dial lamp and the lighting of the 
green supervisory lamp at the top of the dialling 
unit. After transmission of the message, and final 
depression of the teleprinter WRU key by the 
sending operator to obtain the answer-back signal, 
the connexion is cleared by depression of the clear key. 

Incoming calls. A call received at a teleprinter 
position will be indicated by the lighting of the green 
supervisory lamp ; the teleprinter motor is also 
started. The lamp will continue to glow (to call 
attention to a message awaiting collection) after the 
call has been cleared, until the reset key is operated. 

The teleprinter motor stops upon the receipt of the 
clearing signal, but the position is free to receive 
further incoming calls without prior operation of the 
reset key. 

An incoming call may be released—in exceptional 
circumstances—by' depression of the clear key, as 
either party release facilities are incorporated in the 
system. 



Paper failure alarm. In the event of the paper 
failure contacts operating, due to paper exhaustion, 
paper breakage or failure to feed, the established 
connexion is automatically released in its entirety, and, 
at the position where the paper failure occurred a red 
paper alarm lamp at the top of the dialling unit 
flashes, while an audible alarm is also operated in the 
instrument room. Operation of the alarm cut-off 
key silences the audible alarm and causes the red 
lamp to glow steadily, which persists until the failure 
is remedied and the alarm cut-off key restored to 
normal. 

The faulty position is automatically rendered 
unavailable to further incoming calls until the fault 
condition is removed. 

Out-of-service condition. By throwing the out-of-
service key, a teleprinter position is busied against 
incoming calls, and the teleprinter connected for 
operation in local. The key will be operated either 
when it is desired to close a position for traffic reasons 
(e.g., when an office closes at night), or when it is 
faulty. In either event the position is restored to 
service by restoring the out-of-service key. 

The remaining two keys of push-button type, 
mounted on the side of the dialling unit, i.e., the 
motor start and stop keys, are only operative when 
the out-of-service key is thrown, and permit the 
operation of the teleprinter in local for test purposes. 

Suspense facility and wait signal. Calls to offices 
other than zone or area offices (i.e., the main instru-
ment room associated with the switching centre) will 
be held in suspense if all the available circuits are 
engaged. At this stage the dial lamp is darkened, and 
the green supervisory lamp lights at the originating 
teleprinter position, and the wait signal is returned 
to the caller, being printed as the characters MOM 
continuously repeated at 1.6 seconds intervals. 

As soon as a line in the required group becomes free, 
the first waiting call is switched to it, and the estab-
lishment of the connexion indicated by the automatic 
receipt of the answer-back signal from the called 
teleprinter. 

Overflow facility. The suspense or waiting period 
is limited to 30-60 seconds, and should a line not 
become free in this time, the waiting call is auto-
matically routed to a teleprinter position at the area 
office, the automatic answer-back signal from which 
is an indication to the sending operator to transmit 
the message, which would be re-transmitted later to 
the objective office. 

Calls dialled to a teleprinter office where all lines 
and waiting contacts are engaged, are automatically 
overflowed as above without a suspense period or 
the return of the wait signal. Similarly, if all the lines 
in a group are out-of-service (e.g., office closed down 
for the night period) calls dialled to such a group 
are also overflowed without delay. 

Busy signals. These signals are returned to the 
calling operator if the call encounters engaged con-
ditions due to congestion of switching equipment or of 
line plant, as follows :— 

NC, signifying " no circuits ", should all outlets 
to a group of selectors, or trunk circuits, be engaged. 

OCC, signifying " occupied ", should all station 
lines to the required office, or its overflow centre, 
be engaged. It will be appreciated that due to the 
overflow facility, this signal can only be received 
when all the available zone or area office tele-
printers are engaged. 
The calling operator would release the connexion 

on receipt of either of these signals, and re-dial the 
call later. 

Out-of-order Signals. These signals are returned to 
the calling operator in the event of the call being 
connected to a faulty trunk circuit or station line, 
as follows :— 

DER T, denoting trunk line (or associated 
switching equipment) faulty. 

DER S, denoting station line (or associated 
switching or teleprinter equipment) faulty. 
The calling operator would release the connexion 

on receipt of either of these signals, and re-dial the 
call later. Should the second attempt also fail, an 
alternative routing code would be dialled, or other 
action taken, according to the operating instructions 
in force. 

Forced release. If an operator depresses the dial 
key but fails to dial, the connexion will be completely 
released after a delay period of 12-24 seconds. 

Immediate release. A connexion will be immediately 
and completely released when— 

(1) The call is routed to a spare level or un-
allocated final selector contact. 

(2) A " false clearing " signal occurs on an 
established connexion due to a line irregu-
larity. 

8. SWITCHING CENTRE EQUIPMENT. 

8.1 General. 
The adoption of a step-by-step switching system 

has the great advantage that the equipment will in 
the main consist of standard components as employed 
in automatic telephony, which will not only facilitate 
the provision of the switching equipment, but also 
give economy in equipment costs. Staff training and 
maintenance arrangements should also be simplified. 

8.2 Relay sets and selectors. 
The following basic items of switching equipment 

will be required for installation at the switching 
centres :— 

B/W trunk relay sets 

0/G selector level relay 
sets 

Special services final 
selectors and associa-
ted miscellaneous 
relay sets 
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Station line (Uniselector 
Circuits) 

Group selectors (200 
outlet) 

Final selectors (200 out-
let) 

Suspense relay sets 



2000 type 2-motion selectors, P.O. standard uni-
selectors, 3000 type relays and high speed relays 
comprise the major standard components employed, 
together with a polarised relay of telegraph type, 
which is required on some of the units. These com-
ponents will be seen in Fig. 12, which illustrates the 
final selector. The polarised relay which mounts in 
a normal 3000 type relay drilling, is the type 4 
Carpenter, with a single changeover contact com-
bination. Tests have shown that slight bias distortion 

FIG. 12.-FINAL SELECTOR. 
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	FIG. 13.-CARPENTER RELAY. 

may be caused to an unscreened relay by the energisa-
tion of adjacent 3000 type relays, hence a fixed 
magnetic screen is employed, with detachable plastic 
front cover to facilitate maintenance adjustments. 
The relay, screen and plastic cover are shown separ-
ately in Fig. 13. 

8.3 Racks and frames. 
The general rack equipment arrangements will also 

conform to telephone practice, e.g., jacked-in relay 
sets and selectors on 2000 type racks, with 50v. bus-
bar type power distribution. Standard types of 
IDF and TDF will also be provided. 

A difference from telephone practice lies, however, 
in the requirement for 80+ 80v. supplies to relay 
sets and selectors for signalling purposes, typical 
arrangements for which will be seen at the top of the 
final Selector rack shown in Fig. 14. 

FIG. 14.-FINAL SELECTOR RACK. 

8.4 Engineering control board 
All station lines and trunk circuits will be connected 

to the switching equipment via the ECB, which is 
in the form of a trunk test rack, and provides full 
access to the lines for testing purposes. Cross con-
nexions by means of plugs and cords can also be 
effected on the ECB, and provision is made for 
plugging up faulty lines. 



8.5 Signal generators and associated equipment. 
To produce the service signals previously mentioned 

together with Who are You (WRU) signals for 
transmission to called stations, and teleprinter test 
messages with varying degrees of distortion, a series 
of three motor-driven signal generators has been 
developed and produced by the P.O. Fig. 15 shows 
a typical signal generator, the brush type distributor 
from which the 7 2  unit teleprinter signals are derived, 
and the cam operated springs which provide for the 
making up of the required signal combinations, being 
clearly visible. The remaining cam operated springs 
provide the time pulses necessary for the proper 
functioning of the switching equipment, some of 
which require to be phased accurately in relation to 
other signals. 

To provide the necessary accuracy of signal genera-
tion;  the motor speed is governed at 3000 r.p.m. by a 
phase comparator circuit. The controlling voltage is 
derived by comparison of the phasing of a 50 c/s signal 
generated by the motor, with a standard 50 c/s signal 
from a valve maintained tuning fork. 

Fig. 16 shows in schematic form the signal distribu-
tion arrangements from the generator to the switching 
equipment. The valve circuit employed for primary 
distribution has been incorporated to minimise wear 
at the distributor brushes and segments. The second-
ary distribution is via polarised telegraph type relays, 
spark quenching of the contacts being arranged as for 
telegraph broadcast relays. 

Continuity of service from the signal generators 
will be as important in telegraph switching as the  

ringing generator is in automatic telephony, hence 
a complete set of standby signal generators with 
automatic change-over facilities will be provided at 
all switching centres. 

FIG, 15.-SIGNAL GENERATOR. 
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9. SIGNALLING PRINCIPLES. 

9.1 General 

The teleprinter circuits will be provided on a 
bothway-simplex basis, and employ double-current 
line signalling from an 80+80v. power supply. The 
signalling system will conform to CCIT recommenda-
tions, the principle employed being that the line 
signalling conditions will be different for the dis-
engaged and idle conditions, i.e., spacing when 
disengaged and marking when idle. Thus the calling 
and clearing signals will be effected by the change of 
conditions from " spacing " (+80 v.) to " marking " 
(-80v.) and vice versa. Dialling impulses will also be 
double current, the " break " period of spacing 
current, and the " make " period of marking current. 

Where MCVF equipment is used for the provision 
of circuits, the VF signals will be converted to double 
current working before passing to the switching 
equipment. Mark on the d.c. sections of a circuit will 
correspond to tone on the VF channel, and space to 
no-tone. Thus, when disengaged, a line fault will 
require to produce a tone condition to create a false 
seizure of the switching equipment, which will restore 
to normal when the false signal ceases. Conversely if 
a call in progress is interrupted for a sufficient period 
by a no-tone fault condition the whole connexion 
will be released immediately thereby avoiding 
undesirable secondary effects. 

The calling condition will be extended stage by 
stage over the forward transmission path during the 
process of setting up a call but a space will be main-
tained in the backward transmission path (except for 
the return of a short pulse of mark as the Proceed to 
Dial signal), until the call is connected, when a mark 
will be returned. 

Clearing conditions may be initiated from either 
end of a connexion although the holding (supervisory) 
circuits at each switching centre will be connected to 
the forward transmission path only. Polarised relays 
will be employed to determine this clearing condition 
(i.e., space maintained for a minimum period of 300 
mS). 

Connexions through the switching equipment will 
be established on a 3 wire basis ; send (S), receive 
(R) and private (P). The P wire will, however, be 
split at each selector to facilitate the provision of 
battery testing facilities, with backward holding. 

9.2 Line supervisory signals (local call). 

The line signalling conditions can most readily be 
followed by tracing the progress of a local call from 
one station to another. Such a connexion is illustrated 
in Fig. 17. 

Station "A" calling. Depression of the " Dial " 
key causes relay D to apply negative battery to the 
S wire and operate relay L in the station line circuit. 

18 



The uniselector searches for a free group selector, 
positive battery being maintained on the S wire at the 
switching centre. 

Proceed to dial signal. On seizure of a free group 
selector, relay A operates to negative battery and 
prepares the selector for impulsing. The successive 
operation of relays B and BA applies to the S wire a 
short pulse of negative battery which is received on the 
R wire at the station and operates relays which 
illuminate a " proceed to dial " lamp. 

Dialling. The impulses from the dial are relayed 
to line as double current signals by relay D. The 
group selector A relay responds to these signals and 
the selector accepts the first digit in the usual manner 
and hunts for a free final selector. 

When seized by negative battery extended by the 
group selector, the final selector accepts the tens and 
units digits and tests for a free line to the called 
station. Positive battery is maintained on the S wire 
at the final selector. 

Connexion to station B. When the final selector 
seizes a free line, the H relays in the selector and the 
called station line circuit (SLC) operate together and 
negative battery is extended on the R wire to seize 
the equipment at station B. Operation of relays at 
station B connects the teleprinter to the S and R 
wires and negative battery is returned on the S wire, 
to operate relay R and relief switching relays at 
station A. 

Both teleprinters are now connected to the line and 
" Who are You " (WRU) signals are sent, from the 
common signal generator, via the final selector to 
operate the teleprinter at station B and cause it to 
return the answer-back signal to the calling station. 

The answer back signal also operates relay F in the 
final selector which disconnects WRU signals from the 
line and completes the connexion. 

Negative battery is now connected to both line 
conductors. 

While the call is in progress, the only line relays 
remaining in circuit are the R relays at the two tele-
printer stations and the A relay in the final selector. 
These are telegraph relays and respond to all signals 
in the line, controlling relief relays which are arranged 
so that they hold the connexion during the passage 
of teleprinter signals. 

Calling party clears (Station A). Clearing is normally 
controlled by the originating operator and is effected 
by the release of relay D which connects positive 
battery to the S wire. Relay A at the final selector 
and relay R at station B release and permit also the 
release of the respective holding relays. The relays 
at station B disconnect the teleprinter from the line 
and the final selector removes earth from the P wire 
thus releasing the equipment within the switching 
centre. 

The first item of equipment to release returns 
positive battery to release relay R at station A and 
completes the release of the connexion. Positive 
battery is now connected to both lines. 

Called party clears (station B). A clearing signal 
from the called station commences with the release of 
relay D at that station and the return of positive 
battery to release the equipment at the calling station. 

The consequent release of relay D at the calling 
station extends positive battery on the S wire and 
causes the release of the final selector A relay and 
relay R at station B as previously described. The 
switching equipment and station B apparatus then 
release. 

9.3 Line supervisory signals (trunk calls). 

The arrangement of the equipment used in a trunk 
connexion is illustrated in Fig. 18. 

On seizure of a trunk circuit, negative battery is 
extended to engage the circuit against calls offered 
in the opposite direction of traffic and prepares the 
i/c trunk selector for impulsing. At the same time the 
trunk relay set (TRS) at the 0/G end returns earth on 
the P wire under control of its A relay and holds the 
preceding switching apparatus. 

When the call has been dialled to completion, 
negative battery is returned from the called station, 
via the trunk circuit, to complete the connexion at 
the calling station and the call then proceeds as for 
a local call. The A relay in the trunk relay set at the 
outgoing end monitors the line signals and in con-
junction with its relief relays holds the apparatus at 
the originating switching centre. The apparatus at 
the called switching centre is held under the control 
of the final selector A relay. 

10. CIRCUIT FEATURES. 

10.1 Teleprinter station circuit. 

Long standing requirements of the inland service 
are that circuits shall be capable of simultaneous 
working in both directions of transmission without a 
local copy of transmitted matter. These features 
together have favoured the continued use of two wire 
simplex station lines using double current signalling 
and, together with the facilities mentioned in para. 6, 
entail the provision of relay equipment at the tele-
printer station to perform the necessary discriminating 
functions. The basic circuit arrangements at a 
teleprinter station are shown in Fig. 19. 

Originated calls. Operation of the " dial " key 
(KD) operates relay C which holds via its own contact 
and operates relay D. Contact D1 connects negative 
battery to the S wire to operate the line equipment 
at the switching centre. On connexion being obtained 
to a free group selector, a short pulse of negative 
battery is received on the R wire and relay R, res-
ponding to this pulse, operates relay I and causes 
the " dial " lamp to glow. Relay RA is slow to 
operate under control of resistor YA and condenser 
QA and does not operate at this stage. Relay I also 
operates the teleprinter motor start relay. 

During the ensuing dialling, relay D responds to 
the break and make impulses of the dial contacts and 
repeats them to line as double current signals. On 
completion of the connexion, relay R operates to 
negative battery on the R wire and relay RA operates 
slowly. Relay RA illuminates the " call " lamp and 
operates a relief relay RB which connects the tele-
printer receiver to the line. Relay RB re-arranges the 
control circuit of relay RA, thus enabling it to remain 
operated while relay R responds to teleprinter signals. 
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The connexion is required to be held under all con-
ditions of teleprinter code signalling and the most 
onerous condition is the repetition of the " all spacing" 
combination which in 7 unit bode comprises 120 mS 
positive and 30 mS negative battery intervals repeated 
continuously. The RA relay will, in fact, hold the 
connexion with this signal distorted by 50% so that 
the negative battery interval is reduced to 15 mS. 

The connexion is released by operating the " clear " 
key (KCL) which causes relay CL to operate and hold 
under control of relay C. Relay CL releases relay D 
which applies positive battery to the S wire to release 
the automatic switching equipment. Positive battery 
is then returned on the R wire to release relays R, 
RA, RB, C, I and CL in the order stated and the 
circuit returns to normal. 

The circuit may also be released by a positive 
battery condition on the R wire which can be initiated 
by the called party or by a false clearing condition 
occasioned, for instance, by a line fault. In this case 
relays R and RA release causing relay CL to operate 
and RB to release. Relay CL operating releases 
relays C and D after which relay CL also releases. 
Relay D connects positive battery to the S wire to 
release the automatic equipment. 

The teleprinter motor stops when the circuit is 
released. 

Received calls. When the circuit' is seized by an 
incoming call negative battery is received on the R 
wire when relays R, RA, RB and D operate causing 
the teleprinter motor to start and connecting the 
teleprinter to the line. The " call " lamp also glows 
to indicate the arrival of a call. 

The connexion is normally released by the originat-
ing office in which case positive battery on the R wire 
causes relay R to release followed by relays RA, 
RB and D so that the circuit restores to normal. 

The connexion can also be released by an operator 
at the called station. Operation of the clear key 
(KCL) causes relay CL to operate and hold under 
control of relay RA. Relay D releases and connects 
positive battery to the S wire to release the relays at 
the calling station. This in turn results in a positive 
battery being received on the R wire to release all 
relays at the called station and to release the auto-
matic equipment at the switching centre. 

Purpose of E.P.R. The " either party release " 
feature facilitates the provision of certain safeguards, 
notably in preventing a sending operator from con-
tinuing to transmit to a circuit which has become 
faulty. Disconnexions in physical lines or " spacing " 
faults on VF channels, wherever they may occur in a 
connexion, result in its complete release. The sending 
operator is made aware of this by the dimming of the 
call lamp and the teleprinter motor stopping. 
Similarly it is arranged that a paper fault on either 
teleprinter causes the CL relay to operate and so 
releases the connexion. In this event the circuit is 
also engaged to incoming traffic until the fault has 
been cleared. 

Out of service facility. A key (KS) is provided to 
enable the circuit to be closed to traffic or placed 
" out of service " when required. With physical lines 
the S wire is disconnected but at stations served by  

VF channels a strap is inserted in the position unit 
so that operation of the 00S key connects negative 
battery to the S wire. 

The way in which these signals operate is described 
later in relation to the equipment at the switching 
centre. 

10.2 The Station line circuit (Fig. 20). 
In addition to the usual functions of connecting 

incoming and outgoing calls to the station line and of 
providing uniselector access to the first selector stage, 
the station line circuit has to guard the final selector 
multiple appearance after the release of a connexion 
to allow for the release of the supervisory relays at the 
teleprinter station. The circuit also provides for the 
station line being closed to traffic under control of the 
" out of service " key at the teleprinter station. 

Relay L operates to the calling signal (negative 
battery) on the station line and causes the uniselector 
to drive. Relay T operates to 550 ohm battery on the 
P wire of a free group selector and cuts the drive 
circuit. Relay H switches the lines through to the 
group selector which, when seized, returns earth on 
the P wire to hold relay H. Relay G operates and 
relay L releases slowly. 

Relays H and G remain operated for the duration 
of the call. On release of the connexion, earth removed 
from the P wire releases relay H which completes 
a homing circuit for the uniselector. Relay G releases 
slowly after the home contact is reached and main-
tains sufficient guard on the P wire of the final 
selector multiple to allow for the release of the 
station equipment. 

For a call to the teleprinter station relay H is 
operated via the final selector multiple P wire and 
operates while the selector is switching. This reduces 
the unguard on seizure of the B/W line to a minimum. 
Relay G operates after relay H and both relays 
remain operated for the duration of the call. 

Relay G guards the circuit on release of the con-
nexion. 

Out of service condition. On physical lines, dis-
connexion of the S line allows relay L to operate via 
its local circuit. The uniselector hunts and switches 
to a free group selector and relays H and G operate. 
Owing to the disconnexion on the line, the group 
selector A relay does not operate and earth is not 
returned on the P wire to hold relay H in the S.L.C. 
Release of relay H causes the re-operation of relay 
L which provides a holding circuit for relay G via 
contact L4. Relays L and G remain held and the 
uniselector drives to the home contact. Relay G 
engages the P wire of the final selector multiple. 

On station lines which include a V.F. telegraph 
channel negative battery on the S line causes the 
uniselector to find a free group selector which is held 
without dialling ensuing. The group selector is 
forcibly released under control of a time pulse within 
12-24 seconds of seizure and releases the S.L.C. 
Negative battery on the line, causes relay L to re-
operate and hold relay G so that the circuit goes out 
of service as previously described. 

Suspense control. Contacts of relays L and G pass 
information of the state of the circuit to a suspense 
relay set and function as described in para. 10.5. 
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10.3 The group selector. 

A single type of 200 outlet group selector is used 
throughout the network, provision being made in the 
wiring of the shelf jacks for the exclusion of certain 
facilities where these are not required. 

The A relay is a standard 3000 type selector 
impulsing relay and is adapted to receive double 
current impulses by the use of metal rectifiers which 
are arranged so that the relay operates only to negative 
battery. The circuit arrangement is shown in Fig. 
21a condenser QB being included to assist the decay 
of flux in the relay at the commencement of each 
positive battery or " break " element in the impulse 
train. 

The B relay and the vertical stepping and rotary 
cut-in circuit are of conventional design but the P 
wire testing and switching arrangements are unusual 
in that a battery testing system using high speed 
relays has been adopted to ensure the greatest possible 
security against double connexions. The circuit used 
is shown in Fig. 21b. After cutting-in, the wipers 
rotate under rotary self-drive action until either relay 
AH or BH operates to 550 ohm battery on the P wire 
of a free outlet. The HA or HB relay coil is then 
connected in series with the rotary magnet which 
does not re-operate so that the wipers remain on the 
free outlet and the switching relay operates. If both 
outlets are free relay AH operating prevents the 
operation of relay BH and the selector switches to 
the A choice. 

Operation of the switching relay causes the high 
speed relay to release and extends the lines to the 
forward apparatus which then returns earth on the 
P wire in place of 550 ohm battery. On release of the 
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selector A and B relays consequent upon operation 
of the switching relay, the latter is held by the earth 
returned on the P wire. 

Proceed to dial signal. Ordinary first selectors are 
required to return a 20-40 mS pulse of negative 
battery on the S wire, when seized, to indicate to the 
caller that dialling may proceed. This pulse is 
generated in the selector by the successive operation 
of relay B and its relief relay BA which is slow operat-
ing (Fig. 17). The same pulse is also used on trunk 
selectors to provide a check of the continuity of the 

OR 
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FIG. 21.--GROUP SELECTOR ELEMENTS. 



LINE 
+60 

300 750 1200 1650 1950 

T 

-80 

-1-°-C70-111  
I 	R 

CALLED 
STATION 

MILLISECONDS 

H 

1-11$ 

T\ SF4 

,  

	)5F3 
WAIT SIGNAL 

(MOM) 

OUT OF ORDER 
SIGNAL 

(DER 5) 
F3 

HA 

WRU 	 _80 SIGNAL P>S  

FROM 
GROUP 
SELR 

MULTIPLE 

HA 

5 L C 

SAI 	 
Hr 

+80 

WRU 
PHASING 

PULSE 	HR 

STATION 
FAULT 
PULSE 

_±_ 

	NBA 

B3 

F/S I WRU I QS EIS I  WRU  I  LtS I EIS I WRU I LIS 

tllG 	.WRI.1.  PHASING PULSE 

trunk circuit, but on other ranks of selectors the 
pulse generating contacts are disconnected and re-
placed by positive battery by strapping on the shelf 
jacks. 

Forced release. Relay BA also prepares a forced 
release circuit which, in conjunction with 12 second 
S and Z pulses prevents first selectors from being 
held continuously due to misoperation of the position 
equipment. The facility also assists in the application 
of out-of-service conditions to station lines routed on 
V.F. channels. 

10.4 The final selector. 
The final selector provides access, with group 

hunting, to circuits on 10 levels each of 20 circuits. 
The apparatus used in a connexion within the 

switching centre is held under control of the final 
selector and for this purpose the selector A relay is 
connected permanently to the R wire so that it 
monitors the signals transmitted from the calling 
station (Fig. 22). A sensitive polarised telegraph 
relay is used for this duty and ensures the accurate  

repetition of the signals to the B relay over lengthy 
periods of service and without incurring material 
attenuation of the line signal. The B relay, in 
addition to performing the normal functions of a 
selector B relay also remains operated during the 
passage of teleprinter signals. 

An additional spark quench has been provided to 
protect the A relay contacts from the surges occurring 
in the B relay circuit during the passage of teleprinter 
signals. Life tests of this circuit under artificial call 
conditions have shown that a service life of approxim-
ately six months can be expected on first choice 
selectors without attention to the A relay. 

The vertical and rotary stepping arrangements of 
the selector are orthodox and the release of relay E 
at the completion of rotary stepping provides a self 
drive circuit so that the wipers hunt over the ensuing 
group of contacts. High speed battery testing relays 
are connected to the PA and PB wipers as in the group 
selectors and further high speed relays simultaneously 
test the TA and TB banks which are provided for 
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FIG. 22.—FINAL SELECTOR LINE, IMPULSING AND CALLING ELEMENTS. 

23 



20 00 

Awl 

I 2000 
	in HAI 

ANA! 

	H 

AHA 

20001fg 

0 F 

I 	12000 
OF 

AOFI 

4 	  
HBI 	1 

I 	I-I  —I 
AHB 

A 0 F 

AHBI 

FREE LINE 
A 
	 550 	CONDITION 

H 

TA I 1, 

WAIT CONDITION APPLIED VIA 
R 5. TO WAITING CONTACT 

WHEN THERE ARE NO FREE 
LINES 

550 

suspense and group control purposes. The circuit 
arrangement is shown in Fig. 23. 

Call to a free line. A call finding a free line within 
the group is connected normally, after operation of 
relay AHA or AHB, by the operation of the correspond-
ing switching relay HA or HB. 

Return of answer back signal. Before completing 
the connexion, the final selector connects a source of 
WRU signals to the called line to obtain the return 
of the answer back signal. The signal sequence which 
is adopted to meet this requirement is illustrated, 
together with its associated time pulses, in Fig. 22. 

When the final selector switches to a free line, 
negative battery is extended via the RA wiper. A 
circuit is also prepared for relay P to operate to the 
WRU phasing pulse preceding the next complete 
WRU signal sequence. Relay P operating connects 
relay F to the S wire and connects the WRU signal 
feed to the R wire. The WRU signal cycle is preceded 
by a 300 millisecond interval of negative battery to 
ensure the correct seizure of the called station appara-
tus and to allow the teleprinter motor to start and 
attain working speed. The consequent return of 
negative battery on the R wire indicates the call 
matured condition at the calling station and completes 
the operation of the circuit there. It also causes the 
charge on condenser QA slowly to reverse its sign via 
the resistor YA in preparation for relay F to operate. 

The called teleprinter accelerates in time to receive 
correctly one of the three repetitions of the WRU 
signal whereupon it returns the answer back code.  

The first positive battery element of this signal 
rapidly reverses the charge in condenser QA via the 
forward resistance of rectifier MRA and the current 
surge operates relay F which disconnects the WRU 
signals and completes the connexion. 

Faulty station lines (Fig. 22). The foregoing 
sequence of events also provides a check of the con-
tinuity and operation of the station line and its 
associated equipment. Failure to receive an answer 
back signal would be indicative of a faulty line or 
teleprinter and is evidenced by failure of relay F to 
operate. In such a case relay SF operates to the 
" station fault " pulse at the end of the WRU signal 
sequence and holds the Final Selector and the station 
line circuit via the P wire. An out-of-order signal 
(DER S) is returned on the S wire to inform the 
caller that a faulty line has been encountered. 

When the caller sends the clearing signal the final 
selector releases the preceding switches but remains 
held in connexion with the faulty line. So long as the 
selector remains off normal it cannot be seized by 
following calls and subsequent attempts to call the 
same office result in connexion to another line. 
Attention is drawn to the fault condition by a local 
alarm in the switching centre. 

Delayed hunting (suspense) condition (Fig. 23). 
When all of the lines to an office are engaged, 550 ohm 
battery is applied to the TA bank of a waiting contact 
at the beginning of the group. Relay AW operates 
and prevents further rotary motion when the wipers 
alight on this contact. Relay W operates in series with 
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the rotary magnet and connects a " wait " signal 
(MOM) on the S wire to advise the caller to wait for 
subsequent connexion. Relay AW applies a low 
resistance earth to the wait contact TA bank to 
prevent another selector from waiting on the same 
contact. 

When a line becomes free, battery is removed from 
the wait contact allowing relay AW to release. This 
completes the normal testing circuit for relays AHA 
and AHB and simultaneously completes the rotary 
self-drive circuit. The selector searches for the free 
line and completes the connexion in the normal 
manner. 

Owing to the use of high speed drive cutting relays 
it is possible to associate working lines with the 
waiting contact. If a line associated with a waiting 
contact becomes free, relay AHA or AHB operates 
within 1 mS of the release of relay AW thus preventing 
the wipers from stepping and enabling the selector 
to switch to the free line. 

Overflow condition (Fig. 23.) The duration of the 
waiting period is limited to 30 	60 seconds after 
which battery is removed from the TA bank of the 
waiting contact and relay AW releases. The wipers 
then hunt to the last contact of the group where 
relay AOF operates to 250 ohm battery on the TB 
bank. Relay OF operates and causes the wipers to 
drive out of the level, the circuit of the testing relays 
being cut to prevent seizure of lines in other groups 
on the level. The wiper carriage then restores to 
normal and relay OF releases. A vertical stepping 
circuit has meantime been prepared so that the wiper  

carriage rises under self-drive until arrested by the 
operation of normal post springs at the overflow level. 
The NP springs also cause relay C to release after 
which the wipers cut in and test for a free outlet. 
The selector switches to the outlet and completes the 
connexion in the normal manner. 

10.5 The suspense relay set: 
The station line circuits of a group of lines serving 

a teleprinter office have associated with them a 
suspense relay set which controls the application of 
waiting conditions to calls offered to the group. 

Calls are required to wait when :— 
(a) all lines in the group are engaged. 
(b) some lines are out of service and the remainder 

are engaged. 
In either case there is a prospect of an engaged 

line becoming free to which the waiting call may be 
connected. 

Calls are not required to wait when :— 
(c) there is one or more free lines available. 
(d) all lines are out of service. 
In the last case there is no immediate prospect of 

a line becoming available. 
The necessary discrimination between these con-

ditions is obtained from additional contacts on the 
L and G relays of the station line circuits. These 
contacts are associated with the suspense relay set 
as shown in Fig. 24. 

When all lines are engaged the G relays are operated 
and the L relays are released. Earth is thus applied 
to the series chain of G relay contacts to operate 

PART OF STATION LINE CCTS. 	 SUSPENSE RELAY SET 

FIG. 24.—SUSPENSE CONTROL ARRANGEMENTS 
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relay PT in the S.R.S. Relay PT operated delays the 
hunting of final selectors offering calls to the group. 

When all lines are Out of Service the L and G relays 
are all operated. Earth is disconnected from the 
series chain at contacts L4 and relay PT does not 
operate. Calls offered to the group are thus overflowed 
without delay. 

When some lines are 00S and the remainder are 
engaged earth is present at the L4 contacts of the 
engaged line or lines and, the series chain also being 
complete, relay PT operates and causes selectors to 
wait. 

The suspense relay set provides for a maximum of 
two waiting contacts, the waiting calls being released 
in chronological sequence. 

Group with one waiting contact. Where one 
waiting contact is provided its position in the multiple 
corresponds with the directory number of the office 
and calls offered to the office alight on the waiting 
contact. 

When waiting conditions exist, relay PT is operated 
and 550 ohm battery is applied to the TA bank of the 
waiting contact. On the arrival of a further call the 
final selector is held on this contact as already 
described and relay S in the suspense relay set 
operates and prepares the time pulse relays TP and M. 
Normally, waiting conditions are terminated by a line 
becoming free when relay PT releases and removes 
battery from the TA bank thus allowing the selector 
to hunt. If engaged conditions persist, however, relays 
TP and M operate on successive S and Z pulses. 
Relay M disconnects the TA bank of the waiting 
contact and releases the selector which hunts over 
the group. The 250 ohm battery on the TB bank of 
the last contact of the group is also fed from the 
suspense relay set and causes the selector to re-route 
the call to the overflow level. 

Group with two waiting contacts. To provide 
correct chronological release of calls it is arranged 
that the second waiting contact corresponds to the 
directory number of the office so that all calls alight 
first on this contact but are only held there if all 
lines and the first waiting contact are engaged. The 
circuit operation, so far as the first waiting contact is 
concerned, is the same as has already been described. 

When all lines are engaged and a selector is held on 
the first waiting contact relay S operating applies 
550 ohm battery to the TA bank of the second 
waiting contact. The next call offered to the group 
is held on this contact and there are then two waiting 
selectors. Relay SA is also operated by relay S. 

A line becoming free in the main group of lines 
causes relay PT to release and disconnect the TA 
wire of the first waiting contact. The first waiting 
selector hunts for the free line and relay S releases 
and disconnects the TA wire of the second waiting 
contact. At the same time 550 ohm battery is 
applied via YC to the first waiting contact so that the 
second waiting selector steps forward and is held on 
the first waiting contact. Relay X operates and 
re-applies battery to the second waiting contact to 
hold any following call. 
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Relay PT re-operates when the first waiting selector 
seizes the free line and relay S re-operates. Relay 
X releases and the conditions are, as previously, 
all lines engaged and a selector held on the first 
waiting contact. 

Release of the first waiting selector due to the time 
pulse results in a similar movement forward of the 
second waiting selector to the first waiting contact 
and waiting calls are, thus, offered in correct order 
to the main group of circuits. 

If two selectors are waiting and a line associated 
with the second waiting contact becomes free, the 
suspense condition is removed from the second 
waiting contact and the second waiting selector 
switches to the free line. 

10.6 Outgoing selector level relay set. 

This relay set provides for access to station lines 
from group selector levels and is arranged to hold the 
connexion and to secure the automatic return of the 
answer back signal from the teleprinter station. 
The circuit elements are similar to those already 
described for the final selector and include the return 
of an out-of-order signal on faulty lines. 

10.7 The trunk relay set. 
B/W trunk circuits terminate at each switching 

centre in a trunk relay set with which is associated a 
group selector. When the circuit is idle the group 
selectors are connected directly to the trunk line. 
The arrangement of the apparatus is illustrated in 
Fig. 18, and it will be seen that positive battery is 
connected to the S wire at each end of the circuit so 
that the V.F. channel is in the tone-off condition and 
the group selector A relays are not operated. 

Normal seizure. On seizure of a free trunk via the 
o/g group selector level, relay H connects the calling 
circuit to the trunk line with the minimum of delay. 
A high speed relay X connected to the R wire at the 
i/c end of the trunk operates to the resulting negative 
battery condition and disconnects the P wire of the 
local group selector multiple. By the arrangement 
adopted, the unguard on seizure of the bothway 
circuit is reduced to a minimum. 

While the i/c end of the trunk is being engaged, 
relays A and B operate at the o/g end and apply 
earth to the P wire to hold the preceding switches. 
A circuit is also completed which causes relay Z to 
commence operating slowly. At the i/c end the group 
selector is seized and returns a short pulse of negative 
battery over the trunk circuit to operate relays X 
and Y at the o/g end. Operation of relay Y dis-
connects relay Z, and completes the connexion of the 
R wire at the o/g end. The S wire having already been 
connected, however, dialling may continue without 
reference to the time at which relay Y operates and no 
abnormal inter-digital pause is necessary. 

Faulty trunk line. With a faulty trunk circuit the 
test pulse will not be received and relays X and Y 
at the o/g TRS will fail to operate so that relay Z is 
allowed to complete its operation. 

Relay Z disconnects the called station from the 
trunk line and connects an out of order signal 
(DER-T) to inform the calling operator that a faulty 



trunk line has been encountered. On release of the 
connexion by the caller, the faulty circuit remains 
engaged to following traffic and a " hold and retest " 
signal is applied to the S wire of the trunk. This 
signal is applied at 30 second intervals so that, in 
the event of the fault becoming clear within a testing 
period, the group-selector at the i/c end returns a 
negative battery pulse to operate relays X and Y. 
Relay Z then releases and the circuit restores to 
normal. Transient faults are not uncommon on V.F. 
telegraph circuits due to irregularities in the system 
line and temporary failures of trunk circuits may be 
expected. A satisfactory retest is then likely to be 
obtained within a short period. Failure to obtain a 
satisfactory retest after five half minute intervals 
causes the o/g TRS to disconnect the " hold and 
retest " signal and operate an alarm at the switching 
centre. 

The automatic testing of trunk circuits on seizure, 
in the manner described, and the automatic busying 
of faulty circuits is designed to prevent an excessive 
lowering of the grade of service on a route such as 
might otherwise occur due to a single faulty early 
choice circuit. It has the incidental advantage that, 
with the automatic hold and retest facility, the effects 
of transient faults are minimised. These features 
are not intended in any way as an alternative to the 
maintenance of a high standard of continuity in the 
V.F. telegraph systems themselves without which a 
satisfactory grade of service cannot be given. 

Guarding. On release of a connexion it is necessary 
to prevent re-seizure of the circuit until the apparatus 
at both ends of the trunk line has had time to restore 
to normal. Slow releasing relays maintain a dis-
connexion on the P wire for a period sufficient to 
cover any difference in release times of the clearing 
supervisory relays at the two ends of the circuit plus 
the release time of the group selector at the incoming 
end. Backward release guarding is effected by relays 
X and Y which restrain the release of the guard 
relays until positive battery is returned from the 
called station. 

I1. SPECIAL SERVICES. 

A number of special services are required at each 
switching centre principally for engineering purposes, 
to which access is obtained from group selector levels. 
The number of circuits in each group is generally too 
small to justify the allocation of a group selector level 
and the delayed hunting and overflow facilities of 
the ordinary final selector render it unsuitable for this 
traffic. A special services final selector has been 
provided to enable a number of groups to be accom-
modated on each level. Access relay sets are also 
required for each service circuit, primarily to ensure 
the phased connexion of the various signals to the 
calling station. 

The services to be provided are :- 
1. Access to a test message sender from which 

test messages with different degrees of distortion 
are obtained as a test of teleprinter receivers. 
Messages distorted by 0, 20, 25 and 30% are 
available. 

2. Access to a speed test signal for use in con-
junction with a stroboscopic speed tester for 
accurately checking the speed of teleprinter 
motors. 

3. Access to speaker circuits to V.F. telegraph 
terminals. 

4. Access to test desk lines. 

11.1 The special services final selector. 
The special services final selector is a 200 

outlet selector giving access to 10 levels each of 20 
outlets with group hunting facilities on each level. 
The A and B relays perform the same functions as 
those in the ordinary final selector and the associated 
equipment within the switching centre is held from 
the special services final selector. The circuit design 
closely follows that of the ordinary final selector but 
no provision has been made for delayed hunting, 
overflow calls or automatic return of answer-back 
signals. 

The group hunting facility provides for the testing 
of all circuits within the group dialled and, if all 
circuits are engaged, for the wipers, after reaching 
the last contact of the group, to drive to the eleventh 
step where the selector switches and returns the 
engaged signal (OCC). 

12. TESTING EQUIPMENT. 

To assist in the efficient maintenance of the system 
testing equipment is being provided which is specially 
suited to the purpose. This equipment may be 
grouped under four main headings :- 

12.1 The test desk. 
In addition to full D.C. testing facilities provision 

is also being made for dial speed and ratio testing and 
accurate measurement of teleprinter signal distortion 
including a check of signal speed. Teleprinter com-
munication will normally be used in transactions with 
the test desk. The test desk will be adjacent to the 
E. C.B. 

12.2 Speaker and test sets. 
Test sets used on automatically switched circuits 

will be of special design and are intended as an aid to 
localising the more simple types of fault and for 
monitoring duties. Test sets will also be provided at 
V.F. terminals serving the more distant teleprinter 
stations and will be equipped for dealing with faults 
on the physical extensions of the station lines. 
Speaker facilities are also provided. 

12.3 Portable testers. 
Portable testers are being provided for use at tele-

printer stations to provide a direct check of the 
performance of the teleprinter and associated relay 
equipment. 

12.4 Routine testers. 
Portable routine testers are being provided for use 

on the automatic switching apparatus. The testers 
will be automatic in action although access to the 
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relay set or selector under test will be obtained 
manually. A typical tester is shown in Fig. 25. 

An automatic tester has also been developed for 
use at suitable centres at which routine overhauls of 
position relay sets will be conducted. The relay set 
is jacked into the tester which provides for a thorough 
test such as could not be undertaken with the item in 
situ. 

FIG. 25.—TESTER FOR TRUNK RELAY SET. 

13. OBSERVATION EQUIPMENT. 
Facilities will be provided at all switching centres 

to enable service observation to be made on either 
station line or trunk circuits. Circuits under observa-
tion will be connected from their relative " monitor "  

jacks at the E.C.B. to individual tapping relay 
sets, and thence via a common junction relay 
set to the observation equipment. All signals 
passing over each leg of a circuit under observa-
tion, will be displayed, either by lamps (e.g., 
dialling display), or on the teleprinters associated 
with the observation position. Facilities for enabling 
continuous observation, to be made on a selected 
circuit are also provided. 

14. CONCLUSIONS. 

The introduction of an automatically switched 
system for the inland telegraph service is undoubtedly 
an important advance in the modernisation of this 
branch of telecommunications, which should enable 
a much improved service to be provided at less 
overall cost. The aim of the present paper has been 
to provide a general survey of the principal features 
of the scheme, both in application and design, but 
by reason of the wide scope of the subject matter 
much detail information has, of necessity, been 
omitted. 

The paper would not be complete without acknow-
ledgment being given to all those who have contribu-
ted towards the development of the scheme, including 
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