











FOREWORD

On the occasion of its Jubilee I wish to congratulate the Institution
of Post Office Electrical Engincers on the achievements of the
past go years and to thank all who have contributed to this success.
The cumulative value of its work and meetings at the various
centres must now be very great, both to the Post Office and to
the membership.

The Journal has proved its value as an interesting educational
medium and provides a detailed history of the engineering develop-
ment of the Post Office over nearly go years. Throughout we

have enjoyed the support and friendliness of our Administration
and of Industry.

Your first president, Sir John Gavey, C.B., would indeed be
proud of the stature the Institution has reached and he too would
have wished me to thank the many thousands who have contributed
to the fulfilment of his hopes.

The Jubilee occurs at an appropriate time in the history and
progress of telecommunications; world cable telephony, subscriber
trunk dialling, automatic telex, electronic switching and the
mechanization of office processes are all in various stages of
implementation, and offer stimulating problems to the members
of the Institution at the commencement of its second half-century.

We ‘begin this phase without misgivings and confident that the
Institution will continue to fll its role in the widening interests
of the Post Office and also in the progress of what many of us
consider to be the most interesting branch of the most interesting
of professions.

149






LOCAL CENTRE CHAIRMEN

AND HONORARY LOCAL SECRETARIES 1956-57

LONDON CENTRE

EASTERN CENTRE

SOUTH-MIDILAND CENTRE
NORTH-EASTERN CENTRE
NORTHERN CENTRE

BIRMINGHAM CENTRE
NOTTINGHAM CENTRE
STONE-STOKE CENTRE
MANCHI;TSTER & LIVERPOOL CENTRE
PRESTON CENTRE

WALES & BORDER COUNTIES CENTRE
SOUTH-WESTERN CENTRE
SCOTLAND EAST CENTRE
SCOTLAND WEST CENTRE

NORTHERN IRELAND CENTRE

Chairman

Secretary

Chairman

Secretary

Chairman

Secretary

Chairman

Secretary

Chairman

Secretary

Chairman

Sorretarj

Chairman

Scucra;_'y

Chairman

Secretary

Chairman

Secretary

Chairman

Sccretary

Chairman

Secrerary

Chairman

Secretary

Chairman

Secretary

Chairman

Secretary

Chairman

Secretary

G. S. Berkeley, M.L.E.E.
W. H. Fox, A.M.1L.E.E.

W. E. Hudsonr, B.SC.(ENG.), WHIT. SCH., A.C.G.I.

G. A. Huke

W. E. Hudson, B.SC.(ENG.), WHIT. SCH., A.C.G.I.

S. D. Pendry, M.B.E., A.M.1.E.E,

Lt.-Col. ]. Baines, 0.B.E., T.D.
T. E. Walker

Lt.-Col. ]. Baines, 0.B.E., T.D.

J. F. Chapman

L. L. Tolley, B.sC., M.L.E.E.

C. H. Painter, A.M.1.E.E,

—

. L. Tolley, B.sc., M.1.E.E.
T. A. Bish

H. R. Harbottle, 0.8.E., B.5C., D.F.K., M.LE.E.

—

. O. Robinson, GRADUATE 1.k.E.

H. G. Davis, 0.8.E., B.SC.(ENG.), M.I.E.E.
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H. G. Davis, 0.B.E., B.SC.(ENG.), M.LE.E.
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A. E. Morrill, B.sc., A.C.G.1., A.M.I.E.E,

L. R. Hargrave

R. J. Hines, B.SC.(ENG.), M.LE.E.
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C. G. Davis, A.M.LE.E.

P. L. Barker, B.sC., M.1.E.E,

A. E. Connelly, A.M.1.E.E.
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Fifty Years of the Institution of Post Office Electrical Engineers

The Institution of Post Office Electrical Engineers was founded in 1906 ‘‘to promote the general advancement of electrical and telegraphic
science and its applications, and to facilitate the exchange of information and ideas on these subjects amongst the members of the

Institution, and for this purpose:—

(a) To hold meetings for reading and discussing communications, R
(b) To print and circulate among the members such communications as the Council may deem worthy,
and (c¢) To form a Library of books, publications and manuscripts . . .”’

The present Rules contain some amplification of the terms employed in 1906, but the essential principles have remained uchanged

throughout the lifetime of the Institution.

In an endeavour to do justice to the many aspects of the Institution;s work, this article has been divided into self-contained sections dealing
with specific activities, preceded by notes concerning the foundation period, and containing some details concerning organization
- and membership.

THE FOUNDATION YEARS
*The Historical Background.

HE circumstances attending the establishment
of the Institution are summarized in a paragraph
of the first Annual Report of Council, as follows:—

“In April 1905, the Engineers, realizing that the time
had come when individual study should be assisted by a
co-operative movement, formed the ‘Society of Post
Office Engineers,’ by means of which facilities were (to be)
provided not only for the purchase of standard electrical
works, but also for the discussion of the various problems
which arise in connexion with the work of the Post
Office Engineering Department. A circular, indicating
the aims and objects of the Society, was issued and at
once arrested the attention of the (Headquarters)
Department, with the result that a liberal grant-in-aid
was secured from the Treasury, and, with an enlarged
membership and somewhat wider scope, the present
Institution was established."’

It is clear from the Draft Rules (May 1905) of the Society
of Post Office Engineers that great interest was focused by
the members on the technical aspect of that Society, since
the objects outlined included provision for the holding of
meetings for reading and discussing papers bearing on
telegraphy and telephony, printing and publication of
reports of the proceedings, and the establishment of a
library on electrical telegraph or telephone science. The
fact that the Society of Post Office Engineers proposed
to have two sides to its organization, one educational and
the other as advisory on all matters relating to staff
welfare, was clearly a source of concern to the Department,
who considered that technical matters and mattersinvolving
conditions of service should be separated. Sir John Gavey,
C.B., Engineer-in-Chief to the Post Office, put this view to
representatives of the Society on 17th May, 1905, and at the
same time outlined a tentative scheme for organizing the
technical side on much more comprehensive lines than the
Society could hope to achieve, in which the Department,
with the assistance of the staff, would organize a purely
technical society. A capital sum of not less than £500
would be made available immediately for a technical library,
and an annual sum of £250 for technical journals and other
expenses. These proposals were favourably received, and
at a further meeting of London and Provincial Engineers,
on 9th June, 1905, Sir John Gavey announced that the
Postmaster-General had approved the establishment of a
Technical Institution, and that the Treasury had sanctioned
the financial proposals outlined earlier. The delegates
present then suggested that the staff should be allowed to
augment, by subscription, the funds provided by the
Department, a proposal which was welcomed by Sir John
Gavey. On the same evening, at a well-attended meeting
of London staff and Drovincial delegates, the proposals
.regarding the Technical Institution were cordially accepted,
as was a motion that the staff should contribute to the
funds. Representatives were also elected to serve on an

Organizing Committee to be set up to “‘take in hand the
organization of the proposed Technical Institution and the
formulation of Rules.”

In the event, therefore, the Society of Post Office
Engineers never actually developed its proposed technical
side, and at no time has the Institution been controlled
by the Department, since it was established during the
deliberations of the Organizing Committee, in a note from
Sir John Gavey, that “it is intended that the Institution as
a whole should be absolutely self-governed.” In the early
years the annual grant-in-aid of £250 received by the
Institution from the Department was about equal to the
sum raised from members’ subscriptions, but by 1952 this
grant represented only one-seventeenth of the subscription
income. The increased grant of £1,000 received since 1953
now represents about one-fifth of members’ subscriptions.

The Organizing Committee (sometimes referred to as the
Formation Committee) held its first meeting on 10th
October, 1985, and comprised a Chairman (Mr. G. M. Carr,
Superintending Engineer, nominated by the Engineer-in-
Chief) and eight members elected by and from thg staff
concerned (four from London, four from the provincial
districts). Further meetings were held in January and
February 1906, and in March 1906 a comprehensive
memorandum describing the aims and objects of the
proposed Inst'tution, and draft rules, were distributed to
the potential members, together with application forms
for membership of the Institution, and nomination forms
for the election of Members of Council, Local Committees,
and Treasurer and Secretary.

The final meeting of the Formation Committee was held
on 6th June, 1906, and the first formal Council Meeting
followed.

The Inaugural Session.

The records held by the Institution indicate that, whilst
the Organizing Committee, which established so well the
foundations upon which the Institution has since grown,
began its labours in October 1905, it was not until 6th June,
1906, that the first formally constituted Council Meeting
was held. At this meeting the President, Sir John Gavey,
C.B., took the chair for the first item on the agenda,
namely, “Formal Inauguration of the Institution by the
President.” Subsequently the chair was taken by Mr. G. M.
Carr, first Chairman of Council, who had previously acted
in the capacity of Chairman of the Organizing Committee.

The scope of the Institution’s activ'ties in its first year
of operation was remarkably extensive. The Central
Lending Library came into effective operation in July,
1906, when an initial catalogue was circulated, and 800
issues had been made by the end of the session. Sixteen
reference libraries were established under the supervision
of Local Centre Secretaries, and circulation of technical .
periodicals commenced. Turthermore, no less than 40
meetings were held at 12 Local Centres, at which papers
were read and discussed, including six at the London (then
Metropolitan) Centre. At the first London Centre meeting,
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holding of Centre meetings impracticable.” Subsequently
the abnormal conditions were alleviated by holding
meetings on an Area basis, and 100 meetings were held
in 1943-44, including seven informal meetings of the
London Centre.

In the immediate post-war years full programs of
Centre meetings were quickly re-established, and by the
1946-47 session there were 140 meetings at the 14 Centres
and 20 sub-Centres then functioning. The number of main
Centres has now increased to 15, with the amalgamation of
the Stoke & Stone sub-Centres, and the number of sub-
Centres has decreased to six. In recent sessions, with the
smaller number of sub-Centres, the number of meetings
held has been about 120.

The number of meetings held, and papers presented,
1s not, of course, the sole criterion of the value of each
session’s proceedings. The range of the subject matter
covered (a matter for selection by Local Centre Committees)
and the standard of the contributions (recognized by Council
in selection of papers for printing, and allocation of medal
awards) are of equal if not greater importance. Council are,
however, satisfied that the quotation below, extracted from
the first Annual Report, has been applicable throughout the
intervening years: ‘‘“The proceedings in every instance hav
attained a high level of excellence, not enly as regards the
papers themselves, but also the discussions thereon. The
experience already gained shows that no difficulty need be
anticipated in obtaining contributions of high quality, nor
does there appear to be a likelihood that papers will be
confined to any particular class of subject.”

INSTITUTION PRINTED PAPERS

A further important function of the Institution is the
publication of papers selected from those read before the
Centres. By this means the more important contributions
are not only made available as works of reference to the
entire membership, but also to all those interested in the
design, provision and operation of telecommunications
equipment and systems, including subscribers from the
Commonwealth and Dependencies, IForeign Administrations
and Industry.

At the first Annual General Meeting of the Institution it
was recorded ‘‘that many of the papers have reached such a
standard of excellence as, in the opinion of local committees,
to warrant their being printed and distributed to
members . . . three of these are still before the Council, but
the printing of the remaining five has been authorized.”
By the date of the second Annual General Meeting, no
fewer than 13 papers had been distributed, with a further
three papers approved for printing. The Council was also
able to record ‘“The benefits accruing from the publication
of selected papers . . . are very considerable, and it is
worthy of note that an increasingly large number of orders
is being received from non-members, including officers of
other Administrations and many of the prominent electrical
manufacturing firms.”

These Printed Papers have undoubtedly been maintained
at a high standard throughout the life of the Institution.
At the end of the 1935-56 session the total number issued
was 206.

LiBRARY FaACILITIES
Central (Lending) Library,

The Central (Lending) Library came into effective
operation early in July 1906, when an initial catalogue
listing the books then available was circulated to the
members. The formation of a Technical Library was one
of the essential facilities whereby the objects of the
Institution were to be achieved, and for which the Depart-
mental Capital Grant of {500 had been made available.

During the first session a separate “‘Library Committee’’
was set up and this important Committee has functioned
continuously since then.

By the end of the second session the Library Committee
was able to announce that an adequate selection of standard
works had been included in the Library, which had
increased to 680 volumes, and that further additions must
come from new publications. The demand for issues
continued to be heavy and it was proposed that an
additional post of Librariun should be created. This post
was accepted by Mr. J. Smerdon in the 1908-09 session,
and held by him until his retirement in 1933, by which
time the number of books in the Library had increased to
1,161. @f the 2,300 issues in the 1932-33 session, 800 were
to members of the newly forined Junior Section, which had
been inaugurated in the previous session, and to whose
2,100 members the Institution’s Library facilities were
available.

By 1908-09 the Department’sinitial grant was exhausted,
and thereafter all books added were purchased out of
revenue. During the First World War library facilities
remained available to members on Active Servicc and, as
a result, it is recorded that ‘‘there is reason to fear that
some of these volumes have been buried in the trenches
and dug-outs in the French battlefields.”

During the 1931-32 session the scope of the Library was
extended by subscribing to Messrs. Lewis’s Technical and
Scientific Library. Some 60 books were obtained on loan
from this source during that session, and 90 in the
following session; more recent figures being 122 in 1951-52
and 224 in 1952-53. This method of meeting occasional
demands shows considerable economies compared with
increasing the number of boeks held in the Library.

The Library Committee, as well as examining new works
and new editions with a view to adding them to the
Library, also keeps under continuous review the need for
retaining the older works. In the last three years 420 new
books and 45 new editions have been examined, and 246
new books, 29 new editions and 11 additional copies of
books already in the Librarv have been purchased. In the
same period, a review of 260 books published in 1935 or
earlier resulted in 29 being withdrawn.

During 1955-56, 4,449 books were issued, 648 to Associate
(formerly Junior) Section members. Demands on Lewis’s
Library totalled 224. The number of volumes held in the
Lending Library was about 2,500. These figures amply
justify the active and progressive policy adopted by the
Library Committee.

Technical Periodicals.

At the foundation of the [nstitution, arrangements were
made for the general circulation to all members of any or all
of the four technical journals approved by Council, the
period of retention not to exceed four days. The experience
of the first year demonstrated, however, that this basis of
provision did not meet the requirements, which demanded
both a wider range of choice and the opportunity for
retaining the periodicals for longer than originally allowed.
A number of arrangements were in force from time to time,
and in @ctober 1911 a scheme came into operation under
which each member was entitled to select only one periodical.
This basis of distribution has remained in force until the
present day.

The selection of periodicals for circulation, and the
circulation arrangements, are under the control of the
Library Committee. The choice of periodicals offered to
members in 1955-56 was five weeklies, six monthlies, and
three quarterlies; 13,532 copies were purchased for circula-
tion to 5,016 members, representing 88 per cent of the total
membership, at a cost of £859.
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Reference Libraries.

During the inaugural session 16 Reference Libraries were
set up in the offices of Superintending Engineers, under the
supervision of the Local Secretaries. By the end of the
1907-08 session a sum of (140 from the Departmental
Initial Grant had been spent on the equipping of these

. libraries, each of which comprised about 30 standard works
of reference.

Despite a small but regular expenditure on the main-
tenance of the Reference Libraries, it was noted by Council
in 1919-20 that the existing volumes had become largely
obsolete, and it was therefore proposed to re-equip the
Reference Libraries with selected up-to-date works of
reference. Completion of this task was reported in 1922-23.

With the adoption by the Department over the following
years of a more liberal policy in the provision of reference
works of specific value to specialized duties, the need for
local reference libraries became progressively less, so that
by 1938 Council was able to authorize the closing down of
the Reference Libraries.

THE Post OFFICE ELECTRICAL ENGINEERS' JOURNAL
In the 2nd Annual Report of Council appears the
following paragraph:—-

“One of the most important events of the Institution
year has been the establishment of a quarterly magazine.
The first number was published recently under the title
mentioned above. For many years past the staff of the
Post Office Engineering Department have hoped for the
appearance of a journal devoted to their interests as
servants of the State, and as colleagues whose
opportunities for mutual intercourse are somewhat
limited. The new organ of the Institution will, it is
believed, meet all the requirements of the staff, and will
also appeal to a circle of subscribers outside the
Department. It is too early to offer any definite
pronouncement as to the financial result of the Journal,
but your Council have sanctioned the scheme only on
the definite understanding that the Journal shall be
self-supporting, and there is good reason to presume that
this condition will be satisfied during the first year of
publication.

The management of the Journal is vested in a
Committee, consisting of a Chairman, who must be a
member of Council, and six members, of whom three are
nominees of the Council.”

The first issue of the Journal, published in April 1908,
was an immediate success, the whole issue of 2,500 copies
being sold by the end of the year; and the next three issues,
completing Volume 1, were equally in demand. There were
332 pages in Volume 1, including 120 illustrations. The
page size (octavo) was smaller than the current size (demy-
quarto), which was not introduced until 1927. The proviso
that the Journal should be self-supporting was met in the
first year of operation, the net profit being £25.

During the next five years the circulation stabilized at
some 2,500 copies per issue, the amount of material
published increasing to 432 pages in Volume 6 (1913-14),
with more illustratiens. In the Board of Editors’ Report on
this Volume their policy can be clearly seen—"So long as
high-class matter is forthcoming for publication, the Board
is of the opinion that the size of the numbers should be
limited only by the cost of production. It will be the prime
object of the Journal to continue to record the salient
features of the British Post Ofhice Engineering practice . . .
The Journal has now an extensive international circulation
and is, undoubtedly, fulfilling a valuable function.”

During the First World War the size and circulation of
the Journal decreased, and trading losses were incurred.
The Council considered, however, that the Journal was
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such an important feature of the Institution’s work, and
was held in such high ésteem by electrical engineers
throughout the world, that every effort should be made to
continue its publication despite the risk of further loss. As
a consequence, in 1920, having made grants in support of
the Journal totalling {400, Council recorded ‘“The Journal
has continued to hold its high place in the sphere of
technical literature, and there is no doubt that the success-
ful efforts made to continue publication throughout the
War have been fully justified.” By 1921-22 (Volume 14)
the Journal was again showing a profit, and has m fact
remained self-supporting ever since.

It was not, however, until Volume 18 (1925-26), of which
nearly 3,000 copies of each issue were printed, that the
circulation exceeded the pre-war figures. Thereafter
circulation increased rapidly to 6,000 copies for Volume 23
(1930-31), 13,000 copies for Volume 28 (1935-36), and
nearly 17,000 copies for Volume 31 (1938-39). The contents
of the Journal also increased, the 332 journal pages, plus 72
pages of supplement, in Volume 31, being equivalent to
nearly 1,000 pages of the original format.

As a feature of particular value to those who are eligible
for membership of the Associate Scction of the Institution,
the supplement was introduced in 1931, consisting of Model

®Answers to the latest City and Guilds of London Institute
examinations in telecommunications subjects. The supple-
ment has been issued free with each copy of the Journal
ever since. The activities of the Board of Editors were
extended in 1947 to include the production for sale of books
of questions and model answers for the less advanced
grades of subjects in the City and Guilds Telecommunica-
tions Syllabus.

As in the 1914-18 war, publication of the Journal was
maintained throughout the Second World War. The size
was, however, drastically reduced because paper was
rationed, but although circulation decreased, it did not
fall below 75 per cent of the 1938-39 figure.. During the
war, due to curtailment of other facilities, the cost of
distributing the Journal to members was met out of
membership subscriptions, and in 1946 the rules of the
Institution were amended to cover the continuance of this
arrangement.

The Board of Editors reported in 1947 that the
circulation exceeded the highest pre-war figure, and that
the size had been increased to double that of the war years,
although this was still only 75 per cent of the size of the
immediately pre-war Journal. By 1951-52 (Volume 44) the
number of copies distributed totalled almost 18,500, the
highest recorded. In April 1951, a new format was adopted
for Journal and supplement, which substantially increased
the amount of matcrial per page, but in spite of this
economy the cost of producing the Journal had risen by
1952 to the point where it was necessary to increase the
price. The circulation then dropped suddenly, but has
since slowly increased again to 15,500 for the last complete
volume issued (Vol. 48). In spite of the drop in circulation,
the size of the Journal has continued to increase, and the
total material in Volume 48 and its supplements exceeded
the pre-war peak of 1938-39 by more than 15 per cent.

The policy of the present Board of Editors is fully in
accord with the views of the earlier Board already quoted.
Issues containing even more pages of authoritative articles
may be expected, and circulation should continue to
increase.

ASSeCIATE SECTION
The estahlishment of the Associate Section of the
Institution, originally named the Junior Section, was
sponsored by the Institution during the session 1931-32,
following the acceptance by Council of the report of a
Special Committee to the effect that there existed a real and






The first medal awards for papers read during the
inaugural session were notified at the 2nd Annual General
Meeting and were:—

Senior Silver Medal: Mr. J. E. Taylor, for his paper on
‘“Electric Wave Propagation.”

Senior Bronze Medal: Mr. J. G. Hill, for his paper on
“Telephone Transmission.”

Junior Silver Medal: Mr. A. O. Gibbon, for his paper on
““Underground Construction (Provinces).”

Junior Bronze Medal: Mr. J. S. Brown, for his paper on
“Telephone Trunk Signalling Arrangements.”

At the 3rd Annual General Meeting, Council reported
that—'‘Whilst there has been no diminution in the number
of papers recommended for printing, the exceptionally
high standard of the first year’s contributions was not
maintained during the second session, and no medals have
been awarded.” The records show that a similar high
standard has always been observed in the allocation of
medal awards; for instance, in the last five years only 10 of
a possible 20 awards in the above categories have been
made.

Institution Field Medals.

In 1950-51 the Council decided to broaden the scope of
the medal awards by instituting a Field Medal for the best
paper read at a Local Centre Meeting on a subject primarily
of Regional interest. This step was taken in recognition of
the value of papers on field subjects, even though they
were not regarded as being appropriate for printing.

The first award was made at the 1951-52 Annual General
Meeting to Mr. P. W, Crouch (South-Western Centre) for
his paper ‘‘Television Interference.” After four years’
experience Council decided that there were sufficient papers
of the requisite standard to justify further extension of the
award to permit two medals being offered annually, and
two medals were in fact awarded in the 1955-56 session.

Institution Certificates.

At the Annual General Meeting in 1923, Council notified
its decision to introduce an Award Certificate to be known
as the Institution Certificate, to accompany a medal or
other award.

Institution Certificates are being currently awarded to
those receiving Institution medals, and in respect of the
Essay Competition and Associate Section Papers Award,
mentioned later.

Essay Competition.

This competition, for essays submitted by the rank and
file grades of the Engineering Department, was introduced
by Council in the 1923-24 Session, ‘‘to further interest in
the performance of engineering duties, and to encourage the
expression of thought given to day-to-day departmental
activities.” It was an immediate success, no fewer than
60 essays being submitted to the Judging Committee of the
day. Five prizes of two guineas each, and Institution
Certificates, were awarded for the best essays submitted.

The award offered was extended in the 1925-26 session
to include Certificates of Merit to the five competitors
whose essays were next in order of merit, and in 1946-47
the value of the prizes was increased to three guineas. In
1951-52 the award to the first prize-winner was further
increased to five guineas.
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The competition was continued throughout the war
and was well supported, for 55 essays were submitted in
1941-42 and 56 in 1943-44. Recently, however, the
number of essays has decreased, and Council is now
considering how to revive interest in the competition.

Associate Section Papers Awards.

This annual award of prizes of 3 guineas each, and
Institution Certificates, for the best five papers written by
Associate Section members and read at meetings of the
Associate Section, was instituted by Council in 1932-33 as
one of the measures for encouraging Associate Section
activities.

As with other Institution awards, the Council reserves
the right to withhold all or any of the prizes if in the
opinion of the Judging Committee a sufficiently high
standard is not attained, but awards have been made each
year, except in the war and immediate post-war years.

For the 1952-53 and later sessions, Council has offered
the additional award of one guinea for each paper considered
worthy of submission to the Judging Committee for the
main award, theselectionat thisstage being the responsibil'ty
of the local Senior Section Committee, with a limit to the
number of papers which can be forwarded to tlie Judging
Committee.

City and Guilds cf London Institute Prizes.

In 1933 Council considered that the time was opportune
“to encourage the work of the City and Guilds of London
Institute in its efforts to promote technical education by
awarding prizes in one of the examination subjects
associated with the art of electrical communications.”
Arrangements were agreed, whereby the Institution would
present annually a Ist prize of £3 and 2nd prize of
£2 10s. 0d. to the candidates obtaining these places in the
Intermediate Telephony examination.

The prizes were first awarded on the results of the 1933
examinations, and continued until the introduction by the
City and Guilds of a new examination program in 1938,
when the following annual awards were made:—

Transmission & Lines IT 1st Prize £3.3.6
2nd Prize £2.2.0
1st Prize £2.0.0
2nd Prize £1.0.0
A further revision was made in 1947, when changes in

the examination syllabus again occurred, and the awards
are now:—

Technical Electricity 11

Radio III alternate Ist Prize £3.0.0

Line Transmission II f years 2nd Prize £2.0.0

Telecommunications Ist Prize £2.0.0

(Principles) I1I 2nd Prize £1.0.0
CoNcCLUSION

It will be apparent from the foregoing that the Institu-
tion's activities are widespread. Successive Councils have
spared no effort to further the general progress of electrical
science and its applications, to enable the members of the
Institution to keep abreast of developments, to stimulate
interest, and to provide a forum for the interchange of
ideas and experience. It is hoped that in the future the
various services provided by the Institution will not only
be maintained, but will be expanded wherever necessary
to serve the needs of the members in all the many and
complex aspects of telecommunications engineering.

D. A. BARRON,
Chairman f Council.

H. E. WILCOCKSON,
Secretary.



The Growth of Telecommunications Services in
the United Kingdom

Post Office responsibilities for providing telecommunications services in the United Kingdom began in 1870, when the public telegraph
systems operated by private companies were formally transferred to the State. In 1881 it was decided that the Post Office shonld enter
the telephone field on a limited scale, and in 1896 the whole of the trunk services were placed under Post Office control. Finally, in 1912,
the National Telephone Company’s local services were taken over, and from that date the whole of the telephone system in the United
Kingdom, with the exception only of a few municipal telephone systems, has been under Post Office control. To-day only Hull and the
Channel Islands operate independent local telephone systems. Apart from war-time peaks the public telegraph system has declined as the
telephone system has expanded, but there is now a rapidly expanding Telex service. The telephone system. has grown from just under
500,000 subsctibers stations in 1906 to 7,000,000 in 1956, and although the number of stations im service has been nearly doubled since
the 1939-45 war, one of the major problems of to-day is to satisfy the large number of applicants still waiting for telephone service.

EARLY HIsTORY

ELECOMMUNICATION in the modern sense,

I that is, communication over distances by electrical

means, is little more than a century old. It began
with telegraphy, which was first introduced by the railway
companies between 1840 and 1850 to meet an obvious
need for quick communication between stations. At about
the same time private companies were set up to offer
telegraph facilities to the public. Their services, understand-
ably enough at that early stage, were poorly co-ordinated
and, above all, very restricted; by 1866, little more than
a quarter of the 500 large towns in the United Kingdom
had a telegraph office. A truly national service was
obviously needed, and the Government decided that it
could be achieved only by public control. The Telegraph
Act of 1868 gave them the power to take over the private
systems, and by the Act of 1869 the Postmaster-General
was granted a monopoly of telegraphic communication.
The private systems were formally transferred to the
State in 1870; there were then 2,800 telegraph offices,
1,800 of them at railway stations.

Thereafter, the growth of the telegraph service was very
rapid. Within two years the number of telegraph offices had
increased to 5,000 and the total number of telegrams
handled per year from 10 millions to 15 millions; and in the
following 13 years traffic more than doubled. New tech-
niques were developed to speed up the service, and traffic
was also stimulated by tariff revisions; the introduction of
the tariff of “twelve words for sixpence’’ in 1885 increased
the number of telegrams to 50 millions from 33 millions in
the previous year, and traffic continued to increase until the
turn of the century.

Meanwhile the telephone had begun to establish its
value as an independent form of communication. Following
the exhibition of Graham Bell’s telephone at a meeting of
the British Association at Glasgow in 1876, several
telephone companies were set up to exploit the invention,
and in 1879 the first telephone exchange in the United
Kingdom was opened in London. It soon became clear
that the telegraph service would have to face severe
competition from the telephone, and in 1881 the Treasury
agreed that the Post Office should enter the telephone field
on a strictly limited scale. Control of private telephone
development was established by a High Court judgment
that a telephone was a “telegraph’ within the meaning of
the Telegraph Acts, from which it followed that telephonic
communication between two independent persons was
illegal without the licence of the Postmaster-General.
Licences were granted to a number of private companies to
operate anywhere within the United Kingdom, and to
connect exchanges by trunk lines. In 1889 the principal
telephone companies amalgamated under the title of the
National Telephone Company, which—greatly helped by
control of the telephone patents—gradually acquired most
of the telephone services of the country.

The Company was greatly hampered by -difficulty in
securing wayleaves for the construction of lines. Rates
were widely held to be too high and the public were not

always satisfied with the service given, confined as it was
to the larger towns. For these reasons, and also because of
the increasing effect of competition on telegraph revenue,
the Government decided, in 1892, to purchase and place
under Post Office control the trunk lines of the National
Telephone Company, whose operations would thereafter be
confined to local service. This decision was put into effect
by an Agreement of 1896. Indeveloping the trunk network,
the Post Office would have an important asset in its special
powers for securing wayleaves rights.

A further move towards securing increased public
control was the passing of the Telegraph Act of 1899, which
authorized local authorities to operate telephone systems
within their own boundaries. Municipal telephone services
were then provided in six towns, Glasgow, Brighton, Hull,
Swansea, Portsmouth and Tunbridge Wells.

In the ensuing period until 1912, local exchanges were
provided partly by the National Telephone Company,
partly by municipalities, and partly by the Post Office.
Finally, in 1912, the State took over the whole of the
National Telephone Company’s service, bringing under
Post Office control virtually the whole of the United
Kingdom telephone system, trunk and local, with the
exception only of a few municipal undertakings. To-day
only Hull and the Channel Islands operate independent
systems.

After the turn of the century telegraph traffic began to
decline steadily as the telephone service became ever more
popular, and the major problem became that of avoiding
too great a financial deficit. Nevertheless, telegraphs met
an essential public need which no other system could
satisfy, and the work of improving the facilities continued.
By 1900 the number of telegraph offices had grown to over
12,000 and, in addition to the public telegraph service, the
Post Office carried on an extensive private-wire business,
providing circuits between the premises of private indi-
viduals, and between such premises and Post Offices.

DEVELOPMENTS SINCE THE FIRST WORLD WAR
The Inland Telephone Service.

It is since the First World War that the telephone service
as we know it has been mainly developed, and in any account
of the progress made during that period pride of place must
be given to the introduction of automatic telephony. The
first public automatic exchange in the United Kingdom had
been openecd (at Epsom) as early as 1912, and although the
number of automatic exchanges brought into service by
1930 was still relatively small—only 307, serving just over
one-fifth of the telephones—these figures conceal the real
measure of the progress made in laying the foundation for
later rapid expansion.

To secure the full benefits of automatic working in the
largest cities and, at the same time, to make dialling as
simple as possible for subscribers, the director system,
which uses the first three letters of the exchange name as
part of the dialled number, was developed. The first
director exchange was opened in 1927 in Holborn, London,
and subsequently the director system was introduced also

161












service for farmers, and also a two-party-line service, and
in 1934 a Group Service had been developed which provided
for serving up to eight subscribers in the same locality, from
a control unit connected with the exchange by two pairs of
wires. This last service was designed not so much to con-
serve line plant as to provide a cheaper form of service than
could be given on exclusive lines.

During the war the Post Office was obliged to introduce
sharing as a means of providing service which could not
otherwise be given for some time, and this was continued
afterwards as a recognized service. It became evident that,
in the difficult circumstances that existed, the use of shared
service on a really extensive scale offered a valuable means of
using inadequate local line networks to better advantage,
and so permitting service to be given quickly to as many
people as possible. The Postmaster-General accordingly
announced in Parliament towards the end of 1947 that all
new and removing subscribers would be obliged to accept
a liability to share their lines if called upon. The effect of
this decision has been spectacular, for the number of shared
lines rose from 132,000 in 1949 to almost 1,100,000 in 1956,
and is still increasing at a rate of over 25,000 a quarter.

The telephone service has, like all other services, been
greatly affected by rising prices, though staff costs do not
play relatively so great a part in its operations as they do in
the telegraph service. The 1939-45 war left the Post Office
with its pre-war trunk charges increased by 50 per cent and
other charges by 15 per cent, its tariffs widely out of rela-
tivity with costs, and rising wages and costs to be faced. The
trunk service was profitable, but there were deficits on
exchange line rentals and local call charges. The effects
of increasing labour costs have been felt almost continu-
ously since the war, but rising plant costs have affected the
balance sheet more slowly, partly because of limitations in
capital investment, but more especially because provision
for depreciation was continued for a long time on the
basis of pre-war prices.

The pre-war trend of tariff reductions has therefore had
to be replaced by one of tariff increases. In 1949 the
subscribers’ local-call unit-charge was raised to 14d.; in
1951 the call office charge for a local call was raised from
2d. to 3d.; and in 1952 subscribers' rentals were increased
to 50 per cent above the pre-war level. More recent tariff
changes were announced in the 1955 White Paper.2 Tele-
phone rentals were raised to an average of 80 per cent above
pre-war; the local-call unit-charge was raised to 2d. on
Ist January, 1956, and to 2}d. on Ist July, 1956; the
call-office charge for a local call is to be raised to 4d. on
1st January 1957; and the evening trunk-call charges to
about two-thirds of the full day rate.

These revisions of tariff formed part of a comprehensive
review of Post Office finances made in agreement with the
Treasury. The White Paper of 1955 recognizes that it is
essential for the ordered development of the telephone
service that the Post Office should work to a three-year
plan, particularly as many of its projects take a number of
years to complete. It records an agreement with the

*Report on Post Office Development and Finance (Cmd 9576).
Presented by the Postmaster-General to Parliament by Command
of Her Majesty, October, 1955 (published by H.M. Stationery Office).

Treasury that the Post Office shall return to the earlier
“Bridgeman’’ concept of ‘‘self-contained finance.” This
means that the Post Office will in future pay to the
Exchequer a fixed annual contribution of £5 million
—roughly the amount it would have to pay in taxation if it
were .a private concern—and will retain as a revenue
reserve any remaining surpluses. In return the Post Office
is under an obligation to ensure that, taking one year with
another, expenditure and income are in balance.

Tue FuTture

Looking back over the past 50 years, one cannot but be
impressed by the progress which has been achieved, and
by the tremendous developments in the telecommunica-
tions field brought about by scientific thought and technical
skill. But what of the future?

Therc scems little doubt that the public inland telcgraph
service will continue to decline as the telephone system
grows, and is never likely to be self-supporting; but, so far
as can be foreseen, there will always be a need for the
facilities that it offers, particularly in times of national
emergency. However, there are great hopes for the future
of the telex service. The automatic system now being
planned will enable subscribers to dial national and inter-
national calls, and it should provide a speedier and more
efficient system which is certain to expand considerably as
its value to commerce and industry becomes more widcly
appreciated.

It is undoubtedly in the telephone service that there is
the greatest scope for expansion. The seven-millionth
telephone was installed in this country during the summer;
but it is still a far cry to the time when every home will
have its own telephone. The most pressing task is to
overtake the arrears of unsatisfied demand for telephones,
but in the meantime, mechanization of the local and trunk
exchanges is also proceeding and plans are being made for
further modernization of the service and improvement in
the facilities it offers.

The first installation of a new system enabling subscribers
to dial their own trunk calls will be brought into use at
Bristol in 19569. .From the outset, subscribers will be able
to dial calls to most of the large cities in the United Kingdom
as well as to smaller towns nearer Bristol. Similar facilities
will then be provided at other towns and later they will be
extended to calls routed indirectly; for example, from
Bristol to Dover via Tunbridge Wells. Coin boxes of a new
types are to be introduced by means of which call-office
users will also be able to dial trunk calls. The next step will
be to introduce subscriber dialling on some international
calls.

It will take a long time to reach the ultimate stage of
automatization, but it no longer seems such a distant goal
as it did a few years ago. Research into improved types of
exchanges is being pursued with vigour and in a few years
we may have our first all-electronic telephone exchange,
which should bring with it reduced maintenance, increased
speed of operation and greater compactness. One thing is
abundantly clear: striking as are present-day achievements
in the field of telecommunications, the achievements still to
come are certain to be even more impressive,
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with lamp calling and clearing was installed in the C.T.O.
Coincident with the new installations in the C.T.O., a task
of considerable magnitude was completed—the conversion
of all the London offices to central-battery (C.B.) working—
and great economies were achieved from the abolition of
well over 1,000 scattered groups of primary batteries.

Many miles of pneumatic tube had already been laid
between branch and head offices; on the longest tube
circuit, connecting the House of Commons to the C.T.O.
(3,992 yd), the transit time was just under eight minutes.

Long-distance overhead circuits within the British Isles
could be operated commercially by Wheatstone apparatus
at speeds up to 300 w.p.m. duplex and 400 w.p.m. or more
simplex; some quadruplex circuits were also in use.
The Wheatstone system had changed very little since its
introduction many years earlier. Trials were being made
with electric-motor-driven transmitters, the main problem
being the achievement of constant speed. Perforated tape
was prepared by the three-punch ‘“stick’ perforator, but
operation of this device for long periods was very tiring.
To increase the speed of punching tape, trials were being
made with early designs of alphabetic keyboard perforator,
but they were not entirely successful. At the receiving
end the process of transcribing messages from the Morse
signals recorded by an inker upon a paper tape, often under
artificial light, caused considerable eye-strain. As a result
this system tended to fall into disuse.

Circuits to the European capitals were operated by
printing telegraph systems, using the Hughes apparatus
except for a single Baudot system to Paris. The Post Office
operated five repeater stations, at Nevin, Llanfair and
Haverfordwest on the Irish cables; at Lowestoft and N.
Walsham on the Continental cables. Nevin, for example,
had nine Wheatstone duplex and two quadruplex repeaters,
the latter carrying Wheatstone and key signals. The Post
Office standard B relay was firmly established. At repeater
stations, sounders repeating all signals were the cause of
great inconvenience, and silencers were being provided
which could be rendered inoperative from the distant
station when it was necessary to call the repeater staff.
Repeater stations were being converted to secondary cell
working, to replace the many groups of line and local
batteries whose maintenance occupied the full time of one
man.

At this time an investigation was being carried out into
the speeds and relative economics of various methods of
operating long-distance circuits, including Wheatstone,
Murray, Baudot, Hughes and quadruplex Morse. Although
the quadruplex system worked for many years on London-
Dublin and other long circuits, with Wheatstone on the
“A” (polarized) side and key at 25 w.p.m. on the “B”
(incrementing) side, there was a tendency to split the keyed
signals, and the repeater with its 12 relays and 15 separate
batteries (368 bichromate cells) was troublesome to adjust;
hence it cannot have been a very stable system.

In the large offices secondary batteries were installed to
provide 440V, 480V and +120V. The 80V and 120V
sections were used only on the longer circuits and the loads
at these voltages were lower than at 40V, A novel form of
no-break rotary switch was therefore used to enable four
sets of 40V cells to be cyclically switched, every two or
three days as required, to occupy progressively different
positions in the battery; each set in turn becoming available
for charging, after which it carried the heaviest load (40V).

A PEriop ofF TrawnsiTion (1908-1928)

From 1908 onwards the effect of the growth of the tele-
phone service on the shorter-distance telegraph services
became more pronounced. In the provinces, as well as in
London, short-distance telegraph traffic decreased rapidly,
and phonogram and telephone-telegram working were
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introduced. As fast as exchanges were installed in rural
areas, Wheatstone ABC, Morse sounder and single-needle
instruments, which had hitherto served small offices, were
replaced by telephones used jointly for a public call-
office and as a means of disposing of telegrams, and by
1915 one-half of the 14,080 telegraph offices were operated
by telephone. This process continued steadily until 1932,
when the last inland Morse circuit in the C.T.O. was closed,
quietly and without ceremony, and Morse working was
only retained in the inland system for a few circuits.

This period saw the rationalization of power supplies in
telegraph offices. In the first place, conversions to
central-battery working obviated the need for large
numbers of scattered groups of primary cells, and the
standardization of an improved Leclanché cell in 1911
led to the gradual abandonment of Daniell and bichromate
cells. Secondly, as the spread of electric power mains brought
charging facilities, conversions to secondary cells were
steadily made, with considerable reduction in battery
maintenance costs. Secondary cells in the C.T.O. replaced
5,000 “Z” cells used on underground loop circuits up to
1919; at the same time a ring-main was run to Fleet Street,
so replacing 3,000 primary cells in newspaper offices by
power supplies fed from the C.T.O. As secondary-ceil
batteries became universal the trend towards C.B. working
was halted to obtain the improved transmission perform-
ance of double-current working.

During this period an extensive program of installing
concentrator switchboards (including also some for phono-
grams) was completed at offices in all large towns. To
dispense with the need for switchboard operators, this
phase of evolution culminated in the installation of small
automatic concentrators for trial at C.T.O. and Leicester
(1923), and ancillary concentrators (for lines from “for-
warding only” offices) which enabled the switching to be
done by the receiving telegraphist. At this stage (1925)
the London Intercommunication Switchboard, which had
been a conspicuous feature of the London telegraph system
for over 20 years, was finally closed down.

The important change$ of this period, however, were
in the methods of long-distance operation, though they
were in fact destined to revolutionize all forms of telegraph
working. Development proceeded along three lines, auto-
matic high-speed transmission, multiplex systems, and
direct keyboard transmission. For a long time competition
was between the first two, typified by the Wheatstone and
Bandot system; the former, after initial success, yielded to
the latter, but both finally gave way to the third.

Against the high transmission speed of the Wheatstone
automatic system must be set the disadvantages of
operating methods which, being slow, needed a team of
sending and receiving telegraphists to feed the line and
handle the output. Indeed, these very disadvantages had,
over a long period of years, brought about a tendency to-
revert to key and sounder except for special arrangements,
breakdowns and press work. To speed up the rate of tape

_perforation, trials had been carried out for many years.

with keyboard perforators whose punches derived their
power from a pneumatic source, from electromagnets
or from an electric motor: the successful keyboard per-
forator solved the Wheatstone sending problem. At the
receiver, the dot and dash slip from the inker was tran-
scribed—whether for delivery or for re-transmission—by

-one or more operators, and delays were frequent. A revised

operating procedure, known as ‘‘Systematic Wheatstone
Working”’? was introduced in 1908, in which all Morse slip-
was gummed on message forms, that for delivery being
transcribed direct, using typewriters, and through messages
being re-transmitted without transcription, so reducing
the error-rate as well as the delay. Such was the improve-
ment that at Edinburgh, for example, it enabled four out of
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commercial traffic, and advised the gradual supersession
of systematic Wheatstone by multiplex working. Other
recommendations were that automatic transmitters be
added to the Bandot equipment; that the 5-unit code was
superior to Morse (excluding news traffic and submarine
cable working); and that the application of printing tele-
graphy to less important circuits should be kept in mind.
The committee also thought that page receivers were
preferable to tape receivers.

After the committee’s report, and particularly after the
war, when apparatus was more easily obtainable, the use
of duplex Baudot systems (mostly quadruple} extended
rapidly both for the inland service, at the expense of Creed-
Wheatstone and Hughes systems, and on Anglo-Continental
circuits, where it superseded the Hughes system and
doubled the output. The Baudot receiver was fitted with a
mains-driven motor, the improvements already mentioned
were incorporated in the later Baudot apparatus, and the
speed was increased to 35 w.p.m./channel. By 1922 the
number of Baudot channels had reached 700. The
re-transmitter, a simple device which allowed channels to
be coupled together and regenerated the signals, gave a
certain amount of flexibility in utilization, though not
without some complexity in connexion with speed control.
This program of expansion was only halted by the decline
in telegraph traffic which set in during the second half of
the ’twenties. In all this program, and particularly on
cable circuits, a most important part was played by the
vibrating relay, invented by Gulstad in 1898, by means of
which the performance and speed of operation of the
circuits were appreciably improved.

In the early 1920s came the first of the radical changes
to be made in telegraph technique and operation. In 1912
the first start-stop instrument had appeared in. America,
having been developed over a period of 12 years and more
by Krum, a cold-storage engineer, financed by a Chicago
millionairc namcd Morton. Far ahead of its time, this
instrument used a typewriter keyboard in conjunction
with a 5-unit code, and printed on a page. Some years
later Morkrum instruments printing from a typewheel at
40 w.p.m., and known to the Post Office as the Teleprinter
No. 1A, were giving satisfactory service in trials on two
circuits in London. This was followed by other trials on
longer circuits, and a Morkrum type-bar instrument
working at 60 w.p.m. (Teleprinter No. 2A) was tried in
1925, one such instrument being used for booking calls
over the new London-New York radio-telephone circuit.
Other teleprinters® were also tried and by 1928 it was
possible to standardize on the Creed No. 3A model with
tape-printing at 65 w.p.m. for the inland service.

The general adoption in the early 1920s of loaded and -

repeatered underground cables for long-distance telephony
raised fundamental problems in the transmission of tele-
graph signals through telephone cables. Investigations of
d.c. transmission covered composited and superposed
working; balanced circuits; and the design of new relays,
such as the standard H relay, of increased sensitivity to
work over long distances at reduced voltage and current.
The solution to this problem of operating telegraph circuits
in telephone cables clearly lav in voice-frequency telegraphy?
and, following the development of filters, the first trials
in this country were made in 1925 with Siemens-Halske
6-circuit v.{. telegraph equipment working over 40-1b loaded
London-Derby and London-Manchester loops; then, in the
following year, trials were made with a General Electric
Company’s 6-circuit v.f. equipment working over a London-
Leeds, and later a London-Glasgow, circuit. In both equip-
ments valves were used as oscillators (the G.E.C. equipment
with tuning-fork control), amplifiers and detectors. The
circuits used in the trial were equipped with Tele-
printers No. 3A, of which several hundred were then in
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operation,somehaving already superseded Baudot apparatus.

FFor some time the need for standardization of alphabets
and keyboards had been urgent. The Baudot system
itself had variants for inland and international working,
while the Murray system differed from both. The Baudot
alphabet was designed primarily for ease in memorizing
and manipulation on five keys, with the result that in
keyboard working the numerals became scattered over the
keyboard. The Murray alphabet was designed to take
account of frequency of occurrence of letters in the English
language, and so maintain the strength of perforated tape
by punching the least number of holes in it; also, figures
appeared in numerical order on a single row of keys.

The International Telegraph Union had never extended
its activities far into the technical field, but in 1926 an
organization was established to deal with technical matters,
the International Consultative Telegraph Committee
(C.C.I.T.). At its inaugural meeting in Berlin, in 1926, the
C.C.L.T. decided to study the standardization of a single
international 5-unit code based on the Baudot alphabet.
A sub-committee was given the task of studying the prob-
lems of co-existence of telephone and telegraph circuits in
the same cable. Until 1926 the only means of assessing the
transmission efficiency of a circuit was in terms of its
possible Wheatstone speed, or less precisely in its message-
carrying capacity. At its first meeting the C.C.I.T. defined
and recommended the baud as the unit of modulation rate,
to honour the memory of Emile Baudot. At its second
reunion (1929), held also in Berlin, the C.C.I.T. recom-
mended the adoption of two codes: the International
Alphabet No. 1 for multiplex systems; and the International
Alphabet No. 2 for start-stop systems. Both were basically
Baudot codes but the latter had the secondary symbols
re-arranged to suit keyboard layout, made provision for
page teleprinters and included a change in the erasure
signal to cover the use of perforated tape. This form of the
Alphabct No. 2 was not, in fact, adopted,; it was changed by
a C.C.I.T. sub-committee, which met in Berlin in July, 1931,
and was replaced by what was practically the Murray
alphabet, differing extensively from the Baudot alphabet.
The other more important recommendations of the 1929
reunion were a 50-baud standard for start-stop apparatus
(the Creed No. 3A teleprinter worked at 49 bauds); the
choice of negative polarity for the start signal and positive
for the stop signal (this recommendation was not, however,
adopted in this country, where the opposite conditions
already prevailed;}; and the use of 7-unit start-stop receivers.
The maximum permissible power (5 mW) for v.f. multi-
circuit systems was also established and a sub-committee
was appointed to study the question of frequency division
for v.f. multi-channel systems.

THE TELEPRINTER AND V.F. ERra

With the introduction of the teleprinter and the develop-
ment of a network of v.f. telegraph circuits, telegraphy
changed its character completely.®

The v.f. network introduced complete flexibility as well as
great economy in the provision and utilization of telegraph
circuits, all with identical characteristics; it also removed
the distinction between telegraph and telephone plant so -
far as cables and transmission equipment were concerned.

The teleprinter provided direct working to line at an
adequate speed,and with the introdugtion of thepagemodel
(No. 7) in 1932 a telegraph instrument was available which,
from its essential similarity to a typewriter, could be put into
ordinary commercial offices.

As a result of these changes the techniques of testing and
maintenance, for the first time, acquired precision in
measurement. At its Third Reunion (Berne, 1931) the
C.C.1.T. began to make recommendations for the measure-
ment of distortion and margin, in addition to standardizing




































pensive, and in the light of later experience it became
possible for the Post &’ﬁce to accept a lighter form of
construction.

In 1952 new methods of guarding were introduced
which took advantage of the high dielectric strength and
permanence of p.v.c. and polythene. These methods
permit the use of individual telephone wires insulated with
p.v.c., or of polythene-sheathed aerial cable carried by a
steel suspension strand, at crossings where the power lines
operate at voltages up to 33 kV and 11 kV, respectively.
P.V.C.-covered power conductors are also permitted over
bare Post Office wires at crossings where the power voltage
does not exceed 11 kV.

For the termination of circuits at subscr’bers’ premises
and in Post Office exchanges, ‘the arrangement shown in
Fig. 17 has remained since early in the century, w'th the
exception of the changes indicated below, the standard
method of protecting against lightning and all other
extraneous voltages. It consists essentially of fuses, carbon-
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Fi16. 17.—PROTECTION OF SUBSCRIBER'S TELEPHONE LINE,

block and mica-strip lightning protectors, and heat coils.
There was a major modification in 1939, when a new type
of protector, consisting of a synthetic-resin moulding
completely enclosing the spark gap, was introduced for new
work. In 1939 heat coils were omitted at subscribers’
premises, and since 1945 there has been no protection at the
subscr’ber’s end of underground lines. Full protection is
still maintained at the exchange end because of the practical
difficulty of segregating completely underground circuits
from those which include overhead wires.

With the large extension of the trunk cable network after
1925, underground cables were terminated at repeater
stations on test tablets and the pairs were extended to
transformers w’'thout any form of protection. Consideration
was given subsequently to the provision of protection
where the tappings of line transformers had a d.c. connexion
with earth for signalling, but the development of a suitable
fuse or other device never matured. The experience gained
on such circuits w'thout protection showed the risk to be
negligible, and in 1953 it was decided to omit protection
entirely from all wholly underground trunk and junction
circuits terminating both at exchanges and repeater
stations.

Inductive Inteiference from Power Lines.

The construction of the 132-kV Grid and the development
of subsidiary 33 kV and 11 kV power transmission and
distribution lines focused attention on the problems of
electrical interference with telephone circuits, which can
arise from their proximity to power lines and traction
systems. Such interference may be dangerous and may
disturb working circuits, particularly under fault conditions
when a heavy flow of current in the power lines may induce
high voltages in neighbouring communication circuits.19
Where adequate separation of the power and communication
plant is not practicable, this induced voltage can sometimes
be reduced to an acceptable value by such measures as
sectionalizing the line by means of transformers, or by the
use of gas discharge tubes. Interference can also arise from
the harmonic components of currents flowing during the
normal operation of a power line.

The whole subject of protection from lightning and power
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lines has been continually under discussion. A study
gioup appointed by the C.C.LF. deals more or less
continuously with the two main problems of induced noise
and of danger from induced voltages due to the flow of
heavy fault currents in high-voltage power lines.

In addition, the complexity of interference problems led
to the appointment, in 1927, of a committee of power.and
telecommunication engineers called the ‘“Commission Mixte
Internationale” (C.M.I.), charged with the study of
questions of protection in collaboration with the C.C.1.F.
As a result, directives!! on the steps to be taken have been
drawn up and accepted by common consent. These are the
subject of constant revision in the light of experience.

Joint Construction.

It is, of course, to the mutual advantage of the Electricity
Boards and the Post Office to run power and telecom-
munications wires on the same pole-line, and the practice is
welcomed by local authorities and all who are interested in
preserving the amenities of the countryside. Joint con-
struction had been adopted widely in other countries, but
not until 1939 did it come into use in this country to any
extent, and then only w’th low-voltage power lines.

In 1937 the Electricity Authorities introduced a light
form of 6-6-kV power line to facilitate rural electrification.
Frequently the new lines ran along roads where a telephone
line already existed. Difficulties arose in maintaining
clearances when it was necessary to cross the power line to
feed telephone subscribers, and an agreement was reached
under which the attachment of not more than four P.B.].-
covered telephone wires to a power pole was accepted
without further protection if the neutral was lowermost.
Crossings in the span were not permitted, nor the running
of telephone wires along the power route.

In 1938, as an experiment, Post Office wires were erected
on a 6-6-kV power route, a cross-laced horizontal earthed
guard being interposed between high-voltage and telephone
wires, but because of the cost of construction this form of
joint construction was seldom employed.

In 1939 the attachment of low-voltage power lines to
Post Office poles at crossings was permitted, using an
extension piece at the top of the pole, and approval was
also given to the running of power wires on a telephone
route for two (and, later, six) consecutive poles.

The general shortage of timber after the war did much
to focus attention on the joint use of poles. To facilitate
matters, formal agreements between the Post Office and

"Area Boards of the British Electricity Authority were

compiled and brought into force in 1951. These agreements
covered attachments to poles (at voltages up to 250V to
earth) and also cases involving the recovery of an existing
line (telephone or power) and its replacement by a joint
line. Since the introduction of these agreements extensive
use has been made of joint construction (Fig. 18) and
attachment cases (telephone wires on power poles) involving
the use of about 15,000 poles are now negotiated each year.

Recent successful experience with plastic-insulated wires
and cables at high-voltage crossings has paved the w 81 for
discussions on the possibility of running both Post Office
and high-voltage circuits on the same line of poles, and
some experimental schemes involving power lines up to
6-6 kV to earth have been successfully installed.

CaBLE CORROSION

Whilst corrosion of lead-covered cables has occurred
from the time of their introduction, no records were kept of
cable failures due to this cause before about 1920. The few
cables laid directly in the ground were then, as now,
protected with hessian tape and bitumen compound; the
remainder, drawn into earthenware, concrete or cast-iron
condu’ts, were unprotected. About 1920, cable failures due



































































































carry v.f. telegraph channels, but these will be worked
synchronously to conserve band width. Some of the older
telegraph cables will remain with d.c. signalling, but will be
converted from cable code to 5-unit working, whereas
others will be equipped with submerged repeaters and
worked by v.f. methods. The more difficult radio circuits
will be operated on a synchronous 5-unit basis with auto-
matic error-correction.

\When the overseas circuits are converted to reliable
5-unit operation, there appears to be no insuperable
difficulty in linking together the overseas and inland
networks to avoid the re-transmission of messages. This
could be achieved on an automatic or semi-automatic
basis, using known methods and apparatus but, with the
advent of magnetic storage devices, it might be attractive
to dispense with punched tape as the storage medium and
develop new techniques. Printing would be on a page basis,
monitor copies being taken at control points as required.
The automation of the overseas telegraph office would
reduce the ‘“‘office drag” and should effect considerable
savings in the cost of handling the overseas telegram.

On the telephone side, the h.f. radio spectrum is becoming
so crowded that one must look elsewhere for alternative
means of providing additional circuit capacity, and it is
from the use of repeatered submarine coaxial-cable that
the more immediate relief may be obtained. Present
techniques have shown that it is possible, using well-tried
components, to provide 36 circuits over a 2,000-mile ocean
span. With later types of valve and with cable insulation
capable of withstanding higher voltages for the power
supply, it should be possible to increase the available
bandwidth very considerably. Frequency conservation
devices may be perfected which allow more circuits to be
obtained from a given bandwidth, and new types of cable,
cheaper than existing types and yet more suitable for laying
in, and lifting from, great depths of water, may shortly
be evolved. The transistor may also provide the answer to a
number of these problems. The next decade or two may
therefore see a considerable extension of the long-distance
repeatered submarine coaxial-cable network.

So far as land circuits are concerned, radio and cable
again seemn gradually to be changing their roles for, just as
the repeatered submarine cable is tending to replace radio
for transoceanic communication, so are microwave relay
systems tending to supersede land cables for intra-con-
tinental services.

As regards the long-distance radio services there will,
without question, be significant developments of the many
types of equipment ranging from high-power h.f. trans-
mitters to receivers handling very weak signals. The initial
communications, which were restricted to telegraph signals
on low frequencies, have been rapidly supplemented by
signals on frequencies up to 20 or 30 Mc/s. Still higher
frequencies, of hundreds or thousands of megacycles/second,
are attractive in enabling bandwidths of one or more mega-
cycles/second to be used on each transmission. Systems
making use of ionospheric scatter, on frequencies of 25 to
100 Mc/s with relatively narrow communication channels,
are already being installed for single-hop transmissions of
1,000 miles. Frequencies of 1,808 Mc/s or so are being
proposed for distances of 100 to 300 miles to provide
circuits capable of handling signals of 100 kc/s bandwidth
or more. Fifteen years ago frequencies above 50 Mc/s
were considered to be useful for just more than line-of-sight
transmission. As has been the rule with radio, the applica-
tions now seem wider than at first envisaged, and it may
well be that international exchange of television programs,
already of regular occurrence over a large part of Europe,
will become a daily occurrence on an inter-continental basis.

Finally, the process of automatizing the inland trunk
telephone and telex networks will undoubtedly be extended

to include links overseas so that every subscriber in the
United Kingdom will be able to dial directly into the
national networks of at least the necarer continental
countries. To extend the range further may involve
accounting and administrative difficulties, but if there is a
public demand for the service it is certain that engineering
means will be found to meet it.
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Transmission and the Trunk Network

Fifty years ago, the paper-core lead-covered cable was already in use in subscribers’ networks, but long-distance transmisslon was by

heavy overhead wires. The advent of the loading coil made possible cable transmissioa over limited distances, and the thermionic amplifier

extended this distance indefinitely. Carrier operation on pair-type cables, and later oa coaxial cables, greatly reduced the cost of long

circuits. Microwave radio links show promise as a medium for the transmission of large groups of circuits and are finding their place in

the trunk network. Television relay clrcuits are provided either by cable or microwave radio. Forthcoming developments may reduce the

distance beyond which carvier is more economical than audio transmission. In the local line networks conductor gauges have been
progressively reduced as telephone instruments of improved performance became avallable.

THE BEGINNINGS OF A TRUNK NETWORK

HEN, in January 1878, Graham Bell demonstrated
\;s; his telephones before Queen Victoria at Osborne

House, Isle of Wight, his demonstration included
connexions to Southampton and to London. This was the
first example of long-distance telephony in Britain. In
November 1878, speech was transmitted experimentally
over a private line between Norwich and London, a
distance of 115 miles. On both occasions single-wire earth-
return telegraph circuits were appropriated for the purpose.

Public telephony in Britain began with entirely local
telephone systems in various towns with no means of
telephone communication between them. Late in 1884,
however, the various private telephone companies were
granted new licences which removed territorial restrictions
hitherto imposed on them and permitted them to go ahead
with inter-town communications. This they did with
vigour where trunk lines were certain to be profitable—as
for example between Liverpool and Manchester, and
between Edinburgh and Glasgow. All the circuits were
overhead, sometimes earth-return, sometimes metallic
loops. In 1888 a project was mooted for telephone
communication between London and Birmingham (and
thence to the Midlands in general) but wayleave difficulties
impeded completion until July, 1890. Four pairs of 150-
Ib/mile wires were erected, the plan being to terminate
two circuits in Birmingham, one in Manchester and one in
Liverpool.

The need for a unified system led to the Telegraph Act
of 1892, which made provision for the purchase of the
existing trunk lines by the Postmaster-General and for the
development of trunk communications by the Post Office,
which went ahead immediately with the planning and
construction of a comprehensive network based on 800-1b
overhead copper wires for the main routes, such as between
London and Glasgow; 600-1b copper wires for secondary
routes such as Cardiff-Birmingham; and 400-1b wires for
shorter routes such as London-Brighton. The scheme was
largely completed, and the purchase of the independent
lines concluded, by 1896.

These aerial lines consisted, generally, of copper wires
spaced 12 in. apart, the pairs of wires forming one circuit
occupying diagonally opposite corners of a 12-in. square.
Crosstalk and interference were reduced by rotating the
square; later, a systematic transposition scheme was
introduced. The high qual’'ty of transmission attainable
on these lines was often impaired by the need to introduce
short lengths of underground cable through towns.

By 1904 overhead trunk routes were large enough, in
some instances, to justify order-wire working.! A scheme
of call-wire working, using a telegraph circuit superimposed
on the trunk circuits, was also introduced.

By 1910 there was serious congestion of aerial routes on
main roads, particularly around London. A scheme was
prepared for direct cross-country lines consisting of steel
towers carrying large numbers of conductors, but just at
this time the long series of experiments with loaded lines
led to the conclusion that future development could be
better catered for by underground cable.

Between 1905 and 1910 the trunk-network wire-mileage
increased from about 113,000 to 227,000, of which about
85 per cent was overhead.
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The air-spaced, paper-insulated, lead-covered cable had
been developed in the early nineties and was extensively
used in the subscribers’ network, chiefly with 20-1b con-
ductors. Underground cables could not, in the early years
of the century, take the place of open wires in the trunk
network. Until the advent of the loading coil and the
introduction of cable balancing, cable transmission was not
practicable between towns much more than about 50 miles
apart; and only with the coming of the valve repeater d’'d
open wires finally become obsolescent for transmission over
distances exceeding about 200 miles.

The First Trunk Cables.

A few long-distance cables were laid about the turn of
the century—notably the London-Birmingham No. 1, laid
between 1897 and 1898; the Liverpool-Manchester, laid
1902-04; and the London-Chatham, laid 1905-06. Those
early cables made use of conductors of gauges up to
150 1b/mile, were frequently of composite structure (i.e. con-
tained pairs of different gauge) and indeed were provided
much more for telegraphy than for telephony. The London-
Chatham cable, for example—a section of the first London-
Canterbury cable—consisted of four 150-b pairs, 28
100-lb pairs, 30 100-1b single conductors screened with
copper tape, and seven 40-lb single conductors similarly
screened. Much experimental work was done on telephone
transmission over cable pairs, notably on the London-
Birmingham cable,2 which was for many years used for
telegraphy, but after later reconditioning is now very
successfully meeting certain high-grade circuit requirements.

The Introduction cf the Loading Cotl and Cable Balancing.

The benefit of added inductance in the line circuit was
pointed out by Oliver Heaviside in 1893, and the early
practical development was carried out in the U.S.A. by
Prof. Pupin and Dr. G. A. Campbell between 1899 and
1903.3 The first British cable to be loaded for practical
purposes was the Liverpool-Warrington section of the
Liverpool -Manchester cable of 1902-04. Solenoidal air-
cored coils of 45-mH inductance were used. A Newcastle—
Stockton cable, laid 1906-07, included 20 pairs loaded for
telephony; the loading consisted of 136-mH coils at 2-3
rniles spacing. The first loaded cable of major importance,
devoted entirely to telephone circuits, was the Manchester-
Liverpool No. 2, laid in 1910. This was a 104-pair, 70-1b,
multiple-twin cable, with loading coils of 136 mH at 2.3
miles spacing. Multiple-twin construction was to become
standard for trunk and junction cables, practically through-
out the world, for many years.

The earliest air-cored coils were soon replaced by iron-
wire-cored coils imported from the U.S.A. These cores
were toroidal, made from mild-steel wire of 0-:004 in.
diameter. The most common loading consisted of 136-mH
coils at 2-6 miles spacing; but much heavier loadings were
used—up to 250 mH at 1-25 miles spacing. Multiple-twin
construction was intended to provide for phantom-circuit
operation and this was general. The loading inductance
was about 60 per cent of that of the side circuits.

Wire-cored coils, whilst satisfactory for their purpose,
were not free from distortion, were not constant in
inductance and were not of sufficiently uniform performance.
An improved core material, compressed powdered iron, was












and the General Electric Company, employed coil-and-
condenser filters, modulators based on the copper-oxide
rectifier, frequency generation by master oscillators with
subsequent derivation of channel frequencies, and synch-
ronization by means of tones transmitted over the line.
Three-stage line amplifiers with negative feedback gave a
gain of up to 65 dB; the effective channel width was about
300-2,600 c/s. The introduction of the negative-feedback
amplifier, with its freedom from harmonic and intermodu-
lation distortion, its remarkable stability against the effects
of variation in supply voltage and valve characteristics,
and its high working output level, was a major contribution
to carrier development.

In 1938 the C.C.I.F. recommended that the 12 60 kc/s
12-channel carrier band should be assembled from the upper
sidebands of channel carriers spaced at 12, 16 ... 56 kc/s;
and that the effective speech-band transmitted should be
0-3-3-4 kc/s. A subsequent C.C.I.F. Sub-Committee meeting
recommended that for coaxial cable systems—which were
by this time developing—the basic group should be in the
range 60-108 kc/s with the channels assembled as lower
sidebands of carriers at 64, 68 ... 108 kc/s.

The existing Carrier Systems No. 5 and 6 d'd not meet
these recommendations and a new design of channel equip-
ment was put in hand in which the channels in the basic
group band of 60-108 kc/s were assembled by a single
modulation process using quartz crystal filters. Arrange-
ments were made for the modulation of the group band
60-108 kc/s against 120 kc/s to provide a 12-60 kc/s 12-
channel carrier group that would comply w'th C.C.LF.
requirements. The new equipment became known as
Carrier System No. 7.17

During this period it was demonstrated that 24-pair, 40-1b
star-quad cables would economically permit of carrier
working up to 108 kc/s with repeater stations at about
14-miles spacing instead of the 22 miles for 12-channel
operation. The additional 60-108-kc/s group would be pro-
vided directly from the 60-108-kc/s channel equipment, the
combination and separatlion of the two groups being effected
by means of special ‘“24-circuit” filters. Recent extensions
to the carrier network have, for the most part, been equipped
for 24-channel operation, and most of the early 12-channel
routes have been similarly re-equipped, add’tional repeater
stations having been built where necessary.

As carrier systems developed and the trunk system grew
in size and complexity, the problems of power supply
increased. To enable maximum use to be madeg of existing
power plant, heaters and anodes operating at 24V and
130V respectively were generally retained in all carrier
systems up to and including Carrier System No. 7.
The first development at terminal stations was the
introduction of simple battery-float systems, followed by
self-operating plants, incorporating automatically started
and controlled prime movers as a safeguard against mains
failure, with motor generators or dry-plate rectifiers. This
system overcame the increasingly difficult problem of
providing adequate standby with a battery of relatively
small capacity, since the battery capacity could be reduced
provided that it was sufficient to cover the starting and
switching cycle of the plant,

THE DEVELOPMENT OF CoAX1AL CABLE SYSTEMS

In the meantime a radically new approach to the problem
of multi-channel cable design had developed. If the
symmetrical twisted pair were replaced by a ‘‘pair”
consisting of an inner conductor centrally located within
a conducting tube, the inherent screening properties of the
construction would ensure that crosstalk would be
neglig'ble at frequencies above about 60 kc/s. Attenuation/
frequency characteristics would be such that, wth repeaters
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of suitable design at relatively close spacing, some
hundreds of channels could be transmitted over each
coaxial tube.18

The first coaxial cable, the London-Birmingham No. 3,
was in service by 1938.12 This cable contained four coaxial
tubes of 0-45 in. diameter. Repeaters of 53 dB nominal
maximum gain were spaced between six and eight miles
apart. Automatically-switched standby repeaters were
provided, and power supply at 350V a.c. was fed over the
coaxial tubes from main to intermediate repeater stations.

In the original installation, eight channels at 5-kc/s
spacing were assembled to form a “group’ in the band
60-100 kc/s. Quartz crystal filters were used in the channel
equipment. The basic ‘‘supergroup’” was assembled from
five such groups, in the range 300-500 kc/s. The line
assembly was planned as eight supergroups in the range
500-2,100 kc/s.

Assembly in two stages—groups and supergroups—has
remained as standard throughout the development of
coaxial systems, but the original eight-channel group was
soon superseded by the C.C.I.F. 12-channel group as
generated by the Carrier System No. 7. Supergroups
were made up of five such groups, the basic supergroup
covering the range 312-552 kc/s, and the 10-supergroup
system operating in the range 60-2,540 kc/s on §-in. tubes,
with repeater stations at nominal 6-miles spacing, has been
practically standard up to the time of recent developments.

The earliest group and supergroup translating equipment
was of Post Office design, but after the completion of the
first London-Birmingham coaxial cable and its extension
to Manchester a design developed by Standard Telephones
& Cables was adopted and this equipment has remained
the standard until recent years.

Coaxial cable practice had, from the start, taken
cognizance of the probable need to relay television
programs over considerable distances. The first major
requirement of this kind arose in connexion with the opening
of the B.B.C. transmitter at Sutton Coldfield. With possible
future requirements for colour or other wide-band systems
of television in mind, a new London-Birmingham cable?®
was laid that included two 1-in. diameter coaxial tubes for
experimental purposes, four §-in. tubes and audio pairs.
In the meantime the tubes have been equipped with
repeaters at 12-miles spacing, and are in use for the trans-
mission of normal television programs between London
and Birmingham in the band 3-7 Mc/s.2* Elsewhere,
television programs are relayed over main coaxial cable
links through the normal -in. tubes, in the frequency range
0-5 to 4 Mc/s?2; for short, studio connexions video-frequency
and 3-7 Mc/s carrier systems have been used.

Coaxial Line Repeaters.

The majority of the line installations, known as “Un't,
Bay, 1B” and ‘“Coaxial Equipments, Line, No. 1 and 2,”
are based on Post Office designs dating from about 1938.23
In their standard form they transmit the frequency band
60-2,852 kc/s, which is more than sufficient for 10 super-
groups. Main and standby line amplifiers of 48 dB flat gain
are fitted with automatic change-over initiated by the failure
of a 300-kc/s line pilot. Temperature equalizers are
switched in along a route to keep the cable loss constant
with seasonal changes in temperature. Power at 350V a.c.
is fed to two dependent stations on each side of a main
power-feeding station.

Coaxial Equipment, Line, No. 3.—This is an equipment
specially designed for television over the 1-in. tubes of the
London-Birmingham No. 4 cable with repeater stations at
12-miles spacing. It was brought into use in 1950. A number
of short television links on §-in. tubes have been provided
w'th this form of equipment, or a simplified equivalent.









The pair-mileage of audio trunk and junction cable in
1951 was 6,766,000; the present figure would be of the
order of eight million pair-miles. A study in 1955 showed,
at that time, an availability of 3,843,000 channel-miles in
the carrier cable network and 2,571,000 channel-miles in
the coaxial cable network; it is evident that the total
carrier-type mileage will soon surpass the audio-type
mileage.

Table 2 shows how, over the years, technical develop-
ments have resulted in very considerable reductions in the
amount of copper and lead needed per circuit-mile.

TABLE 2
! : Weight | Weight
Typica: o o
Approx. e copper lead
Type of circuit year of |™or ™ | per ;100- per .1100.
use : ile ile
capacity circuit circuit
{tons) (tons)
Overhead wire 600 Ib/mile .. 1896 - 56 —
150-1b/mile cable with phantem circuits 1914 82 9-3 171
40.1b/mile :able (P.C.M.T.) two-wire
repeaters 1922 160 37 84
20- lb/mlle cable (P C. Q T.) four-wire !
repeaters 1926 271 87 49
Carnier (V + 1) on hg‘htly loaded paus
of P.C.Q.T. (audio) cable .. 1935 —- 1-8 25
12<circuit carrier on carrier quad cable 19368 288 0-63 24
24-<ircuit carrier on carrier Quad cable 1948 576 0-31 12
600-circuit coaxial .. . . 1838 cee 0-09 0-29
960-circuit coaxial . .. .. 960 0:06 0-18
Developments in prospect:
60-circuit carrieron two 14/40 1b cables 840 012 0-71
2,500-circuit coaxial 2,500 l 002 0-07

THE USE OF RADIO LINKS IN THE INLAND NETWORK

Until very recently, the radio link was regarded primarily
as an alternative to the submarine cable.

Thus, the first radio-telephone link to be used com-
mercially as part of the Post Office trunk telephone network
was set up experimentally in 1932 across the River Severn
between Cardiff and Weston-super-Mare. This 13-mile link
provided a single channel on a frequency of 60 Mc/s,
and remamed in service fer two years. In 1934, the first
system providing several radio-frequency channels was
introduced using substantially the same design of equip-
ment, to give six trunk circuits over a distance of 39 miles
across the North Channel between Scotland and Northern
Ireland. Multi-channel systems of this kind required several
radio channels in each direction and this necessitated fairly
extensive aerial structures, as each channel required an
independent Koomans array comprising as many as 128
elements. Two years later a nine-channel system was
mstalled across the North Channel; this made use of a single
radio-frequency carrier in each direction and combined the
speech channels in a 150-300 kc/s baseband.26

The performancc of radio links was improved through
the introduction of crystal-controlled {ransmitters and
superheterodyne receivers with crystal-controlled local
oscillators. Concurrently, improvements in valve technique
led to the development of high-power anode-modulated
amplifiers giving transmitter output powers of 250W. These
features enabled a commercial circuit to be established in
1936 over a long, non-optical path, about 85 miles in length,
between Chaldon and (quernsey 26 Two-channel operation
was employed; one audio channel was inverted and the
other was displaced to the band 6-4-9-6 kc/s.

The eventualadoption of horizontal rhombic aerials con-
siderably simplified aerial structures and eased maintenance
problems. The number of speech channels carried per pair
of radio channels increased, first to 12, then to 24, assembled
in normal 12-channel groups. Transmission was in the
band 156-184 Mc/s and frequency modulation was employed.
By the early years of the war, about 14 such v.h.f. links were
in operation, spanning distances of about 40 miles, all

across water. Recent developments now enable 48 channels
to be transmitted on a single r.f. carrier.

Microwave Developments.

The period since the recent war has seen notable develop-
ments m the 1,000 to 10,000 Mc/s band, which is, as yet,
comparatively unexploited. Microwave radio has charac-
teristics that make it attractive for use in an inland network.
It offers the possibility of transmitting a very wide band of
frequencies. The energy may be transmitted in a narrow
beam by means of aerials in the shape of parabolic ‘“‘dishes,”
which function over a wide range of frequencies. Repeater
stations may be spaced up to about 30 miles apart, but an
‘‘optical” transmission path is required, and automatic
gain control is provided to counteract the effects of fading.

The first use of microwave systems by the Post Office
was for the transmission of television programs; the
Sutton Coldfield station of the B.B.C. was initially linked
to London by a radio-relay chain in 1949,2” and the
Kirk O’Shotts station has been served by a system from
Manchester since 1952.28

Radio transmission systems have now been developed
capable of carrying several hundred telephone channels.
Three such systems, for 120-channel or 240-channel
operation in the frequency bands 1,700-2,300 Mc/s or
3,780-4,200 Mc/s, are now in course of installation and will
come into service in 1956 or early 1957.

Technical developments in the United Kingdom and
abroad indicate the possibility of a considerable increase in
capacity per radio-frequency carrier—up to the equivalent
of 600 or more speech channels or 625-line monochrome, or
405-line colour, television. The Post Office has, therefore,
issued specifications describing in detail the system
characteristics and performance requirements for such
radio-relay systems. For telephony, the 600 channels in
each direction of transmission will be assembled in
frequency-division-multiplex in the baseband 60 kc/s to
2,540 kefs. The arrangement of channels and the frequency
and gain-stability characteristics will conform with C.C.I.F.
requirements. For television, the performance charac-
teristics will conform with the recommendations of the
C.C.I.LR. and C.C.I.F. fer monochrome, and will meet the
requirements that have been stipulated by the Post Office
for the transmission of colour television. Effects of fading
on transmission performancc will be taken into account,
although over a land path fading is negligible fer 95 per
cent of the time and most of the remaining 5 per cent, when
fading occurs, is during the night and early morning.

An important feature of the new radio-relay links will be
the possibility of multiplexing a number of radio-frequency
channels on a single aerial system. Thus a radio repeater
station with only two aerials in each direction of trans-
mission will handle up to six broad-band channels, each of
which will carry one television or 600 telephone channels.
A still further development may be the use of a single aerial
to carry two or three groups of six broad-band channels.

The first embodiment of a system designed to the new
Post Office specifications will be a main radio link between
London and Scotland with branches at intermediate
points. The main link will carry six broad-band channels
in each direction; one or two of the broad-band channels
would be for use as a standby.

Following hard on the heels of the above ‘'backbone’
system will be the development of radio-relay systems for
up to 2,000 telephone channels, or about 1,000 telephone
channels together with one television channel.

TRAFFIC CIRCULATION AND THE TRANSMISSION PLAN
A rational system of telephone traffic circulation is
necessary to ensure, among other things, that when two
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hne with extensive practice abroad, as the unit for all day-
to-day assessments. ‘

With these points in mind, it was decided to adopt a new
transmission standard, as follows:—

“The audibility shall net be worse than that obtained
from two standard telephones (i.e. Telephones No. 162)
each with a 300-ohm subscriber’s line, via specified feeding
bridges, and a nominal line loss of 15 dB in the chain of
trunks and junctions between terminal exchanges.”

To meet this standard it was proposed that the various
links in the main trunk network should comply with the
following requirements—

Zone centre to zone centre zero loss
Zone centre to group centre (and to

“foreign’’ group centre) 3dB
Group centre to minor or dependent

exchange, normally 4-5 dB
Group centre to minor exchange in a

multi-exchange area 6-5 dB
Minor exchange to minor exchange for

terminal traffic only 12dB

This transmission plan remains substantially in force at
the present day. The implication in the plan that switching
losses would ultimately be included as a component of the
line losses has not been realized and the concépt of zone-to-
zone circuits of zero loss has been somewhat modified. All
zone centres are now linked by high-velocity carrier
circuits; echo problems are of little consequence and echo
suppressors are not now fitted. Circuits are lined up to
“‘zero stability” as distinct from ‘‘zere loss.” This implies,
in practice, a loss of about 1} dB, but against this may be
set the benefits of the wider bandwidth and lower noise-
level of carrier circuits.

LocAaL LiNE TRANSMISSION

The test circuit of Fig. 8 was primarily a reference
circuit, and the inclusion of a 300-olun resistance between
exchange transmission bridge and telephone did not—in
the National Telephone Company’s system at any rate-—
imply that local line networks were designed to this limit.
For many years local networks were considered together
with the appropriate links in the junction and trunk chain
in assessing the transmission limits for local lines, and
standards were set more by what was technically achieve-
able than by what was desirable.

The national transmission plan agreed in 1905 between
the Post Office and the National Telephone Company had,
however, enabled conductor gauges to be reduced and 10-1b
cable began to be used in the local line network.

The 1922 revision of the transmission plan apparently
envisaged local line networks planned to a 300-ohm limit
but it was not until about 1930 that design limits for local
line networks were specified without relation to the trunks
and junctions in that area.

As early as 1910, transmission allowances had been
assigned for lines of different lengths, for P.B.X. equipment,
exchange cabling, local battery installations, and even
protective devices. Published figures include an allowance
for “‘extra receiver, using both ears.”

Comparisons between practical assemblages of trans-
mitter, receiver, line and other equipment were made on a
simple volume (‘‘loudness’) basis, and took no account of
frequency response or other refinements.

The various allowances were added to and revised from
time to time but the basis of assessment was unchanged
until 1933, when, following the introduction of the
Telephone No. 162—the ‘‘non-astic’” handset—and the
revision of the national transmission plan, a revision of the
basic ‘reference circuit” took place. .

The new reference circuit consisted of a Telephone No.
162 with Bell-set No. 1, connected through a 300-olun

non-reactive resistance to a 22-V repeating-coil trans-
mission bridge. The new reference circuit was also adopted
as the maximum proportion of the overall transmission
loss that could reasonably and economically be conceded
to the subscribers’ network—i.e. the “local line allowance.”

Transmission bridges operating from 50-V batteries had
been in use since the introduction of automatic exchanges,
and new equivalents were issued for all necessary com-
binations of instrument, line, transmission bridge and
other equipment. The limit of 300 ohms continued to
apply in 22-V C.B. areas, but for 50-V automatic-exchange
areas a planning limit of 600 ohms was now permissible—
irrespective of conductor gauge.

Soon after the Second World War, the simple volume
basis of assessment was discarded and ‘‘Transmission
Performance” took the place of ‘“Volume Efficiency.”
The effects of improved frequency response and side-tone
characteristics in the newer telephones were thereby given
due weight,

At the same time, a new reference circuit was adopted,
consisting of a Telephone No. 162, a Bell-set No. 25 and a
line of 2-557 miles (450 ohms) of 10-lb cable fed from a
50-V non-ballast transmission bridge. The performance of
this circuit on a volume-efficiency basis approximated to
that of the previous circuit, and it became the new
embodiment of the “local line allowance.”’3® New types of
telephone incorporating anti-side-tone induction coils and
improved receivers showed up favourably under the new
method of assessment---especially when used on the
lightest-gauge cable conductors. Typical line limits were
now 600 ohms (in certain circumstances 720 ohms) and
400 ohms for 50-V ballast and 22-V C.B. feeds, respectively,
with 63-lb cable pairs; and 750 ohms and 450 ohms,
respectively, on 4-1b pairs.

In 1953, consequent upon the growing use of the newer
types of telephone (Telephones No. 232 and 332 with the
anti-side-tone induction-coil and the 2P receiver) the line
limits were further raised to 860 ohms for 50-V
ballast and 580 ohms for 22-V C.B. exchanges with 63-lb
cable pairs; and in recent months, in view of the impending
introduction of a new telephone of even better performance,
it has been decided to plan new exchange areas (w'th
certain reservations) to figures of 1,000 ohms for 50-V
ballast and 700 ohms for 22-V C.B. exchanges.

Hitherto, all telephones in use by the Post Office have
been freely used in the network irrespective of length of
line. With the new high limits, it will be necessary for the
first time to restrict the use of certain older types to the
shorter lines.

Improvements in telephone instrument design have
made possible very considerable economies in line plant.
In 1906 the underground local -line network consisted
mainly of 20-b cable, with some 10-lb cable; to-day’s
add’tions consist predominantly of 63-1b and 4-1b cables.
There may in fact now be a field of use for cables of even
lighter gauge.

Furure TRENDS

The present standard §-in. coaxial tube seems likely to
be retained much in its present form for main lincs despite
the technical attraction of larger tubes and the theoretical
possibility of reducing attenuation by the use of laminated
conductors.

At the present time the planning of coaxial line systems
for a 12-Mc/s bandwidth (about 2,500 channels) is in hand
and with continuing improvements in valves and the
continuing development of high-frequency techniques an
increase in this bandwidth may be expected to follow.
Nevertheless, the advantages of twisted-pair carrier cables
in providing circuit flexibility in relatively small units (24,
60 or even 120 circu’ts) will probably justify their further
use on selected routes. For the shorter and less heavily

225



loaded routes, composite cables (audio pairs plus a few
carrier pairs or small-diameter coaxial tubes) may be
introduced as a means of serving local and through traffic.

The need for flexibility in routing blocks of circuits is a
strong reason for the retention of the present method of
circuit assembly based on the 60-108 kc/s group for all
carrier and coaxial systems.

By the use of high-quality components and with sufficient
care in manufacture, faults in transmission equipment
could be reduced to such a low level that automatically-
switched standby units would hardly be justified; their
omission would simplify power feeding and control arrange-
ments. However, the cost of equipment of this calibre is very
high and for the immediate future on inland routes the fault
liability of cables and power plant would probably nullify
the advantages of very special repeater equipment. These
conditions may not hold when plans mature for the use of
gas pressure on cables, and for engine sets that offer
absolute continuity of power supply. The tendency to
reduce repeater station spacings, and the difficulty of
acquiring sites, may lead in due course to manhole or cabinet
repeater installations; a thoroughly reliable sealed unit
would then be particularly attractive.

There is much to be said for the provision of completely
separate spare lines, fully equipped, on busy routes;
the special ‘‘fault-free’’ equipment would not then be so
necessary and cover would be given against long-duration
breakdowns.

Audio equipment using transistors is becoming established
and there is no doubt that in the near future carrier
equipment using transistors will become available.

There may be developments in transmission systems in
which the line spectrum is derived from time-division
multiplex equipment, or from normal frequency-division
multiplex equipment followed by a frequency modulation
process.

Speech bandwidth compression and similar schemes may
find an application for deriving the maximum possible
number of channels from very expensive links such as long
submarine cables.

The extent to which radio links are used in future will
depend on operating experience, costs, and local conditions,
which may influence choice. It is too early to generalize;
present indications are that there will be a field of use for
both cables and radio links in the main network. The
waveguide, operating at very high frequencies with low
attenuation, and capable of transmitting large bandwidths,
may in due course become a competitor and may open up
a wide prospect of cheaper terminal equipment.

In the field of local line transmission the forthcoming
“1,000 ohm” standard may mark the limit beyond which
it is uneconomic to reduce copper costs by increasing line
resistance. It is conceivable, though it appears at the
moment unlikely except perhaps for a minority of long
rural lines, that a simple form of carrier operation could be
economically applied to the subscribers’ network. The
situation may change if electronic exchanges come into use;
high-frequency paths used both in the exchange and in the
line might point the way to a new conception of what a
local line network might be. '
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on the performance of an aerial of the presence of, say,
a mast or another aerial can be observed and recorded.

A Spectrum Analyzer, whereby the frequency spectrum
of any radio signal in the frequency range 3 to 30 Mc/s
may be displayed on the screen of a cathode-ray tube,
and components spaced by 50 c¢/s and ranging 60 dB in
amplitude may be resolved. This equipment is being
produced commercially.

A Scanning Receiver,? which enables the occupancy of
any desired 1-Mc/s band of the high-frequency spectrum
to be monitored. The receiver scans the 1-Mc/s band in
a period of 2 minutes (or 4 minutes if required), and the
presence of signals is recorded by corresponding marks
on “Mufax’ electrolytic paper; the receiver then
rapidly resets and the operation is repeated indefinitely,
the paper moving at a speed of } in. (or } in.) per hour.

Yuture TRENDS

In the field of high-frequencylong-distance radiotelephony
it is probable that transmitter powers have reached the
economic limit, while the sensitivity and selectivity of
receivers is near enough to the ideal to make further sub-
stantial improvements unlikely. However, interference
(by unwanted signals falling within the receiver pass-band)
is still quite common, and improvements are desirable in the
directivity characteristics of high-frequency aerials with a
view to reducing such interference. Present work in
the Post Office is directed towards an array of aerials
which will allow the system to be ‘'steered” to give maxi-
mum response to signals from any desired azimuthal and
elevational angle. Itis visualizedthat one such aerial system
would meet the requirements of a complete radio station.

Turning to radio telegraphy, recent work in the Post
Office has shown that significant improvements in the
performance of radio-telegraphy receivers are possible by
designing them to make full use of the information con-
tained in a frequency-shift signal, information which in the
conventional frequency-shift method of reception is
suppressed by the action of the discriminator. A study of the
characteristics of radio noise as it affects reception of radio-
telegraph signals has also indicated the possibility of
improvement in performance withsuitabledesign ofreceiver.

Future microwave systems will provide broac-band
radio channels capable of handling at least 600 telephone
channels and 625-line monochrome, or 405-line N.T.S.C.-
type colour, television; possible adaptation for 625-line
N.T.S.C.-typc colour television is also wvisualized. The
transmission of such signals will necessitate increascs in
bandwidth and improvements in transmission performance.
Travelling-wave valves having powers of the order of 20W
will be used for transmitting, and those for receiving will
be of improved low-noise types. Valves of improved
performance will also be required for amplification at the
intermediate frequency, and the use of ferrites as isolators
to reduce the effects of reflections of waves in waveguides
will be of increasing importance. The trend towards higher
and higher frequencies will continue, since use is thereby
made of hitherto unused parts of the frequency spectrum,
and the wide bandwidths mentioned above are more readily
available. This will necessitate further advances in the
technique of filter design and the development of suitable

amplifiers and oscillators (using new types of wvalves);
furthermore, the efficient use of these higher frequencies
will also require very high frequency-stabilities.
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TELEGRAPHY

Telegraphy in the classical sense had passed its zenith by
the time the Post Office Research Branch was formed.
Interest was therefore mainly centred on the problems that
arose from the introduction of teleprinters, and from the
integration of the inland telegraph and telephone networks,
using multi-channel voice-frequency operation on the main
links. These developments gave a degree of line exploitation
never before achieved by traditional multiplexing methods.
Problems of frequency generation and filtration, of spectrum
utilization and of line-transmission characteristics called
for study.

The examples that follow illustrate the range of the
contributions made by Post Office research to the telegraph
service.

Telegraph Repeaters.

In 1942 duplex transmission was required on the Wick-
Lerwick and Lerwick-Thorshavn submarine sections of an
Iceland telegraph circuit. Conventional duplex repeaters
using Gulstad relays could have been provided, but such
repeaters had almost disappeared from the Post Office
network. The repeaters were to be installed in multi-
channel voice-frequency telegraph terminals, which at the
places concerned were also telephone repeater stations.
The existing type of submarine cable repeater, which
required a large amount of table space and specialized
maintenance, would have been out of place in such stations,
A rack-mounted repeater was therefore developed,i® com-
prising balanced equalizer, artificial line balance, input
transformer and push-pull valve amplifier having a long
time-constant and d.c.-restoration circuit. Similar equip-
ment was later provided for a Norwegian cable.

Telegraph Distortion Measuring Set.

Accurate measurement of telegraph distortion (parti-
cularly of start-stop distortion) has been important in the
development of telegraph transmission and terminal
equipment, and in the design of telegraph switching circuit
networks. The development of an electronic start-stop
telegraph distortion measuring set was initiated in 1939 but
was delayed by the war. Work was resumed in 1947, and a
set was designed for mecasuring the start-stop distortion of
teleprinter signals within a range of +40 per cent and with
an accuracy of 1 per cent. The distortion readings are
displayed as spots on a graduated cathode-ray-tube screen,
the spots for successive signal transitions occurring on
vertically-displaced rectilinear beam-sweeps. Subsequently,
the set was redesigned to provide 2 per cent accuracy on a
smaller (6 in.) tube, and the redesigned sets!® have been
provided at teleprinter automatic-switching centres.
Distortion mecasurements can be made while normal traffic
is proceeding, and the set can also be used to measure the
speed of teleprinters.

Telegraph Bistortion Analyser.

Between 1951 and 1953 a telegraph distortion analyser!?
was developed which has enabled some important statistical
studies of telegraph distortion to be made, notably on
tandem-connected channels in switching systems. The
analyser cxamines every instant of changc-over in a start-
stop tclegraph signal for time distortion and counts and
records the number of instants falling within each of 20
selected ranges of distortion. Curves showing the frequency
distribution of occurrence of various values of telegraph
distortion can be very quickly obtained by this means.

Error-Correcting Equipment.
Falsification of telegraph signal elements during radio
transmission causes errors in reception which, in general,
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are undetectable if a non-redundant code is used. By the
use of codes having redundancy, in conjunction with
special equipment, the probabilily of occurrence of un-
detectable errors in reception can be made negligible, and
detected errors can be automatically corrected.

Thus, for example, a five-unit two-condition code can
provide only 32 distinct character combinations, all of
which may be needed. Hence a falsified element is bound to
produce a wrong character or function, which may not be
evident., A seven-unit code will, however, provide 128
combinations, many of which will be unused. If a falsified
element turns one of the used character combinations into
one of the unused combinations, it is possible to detect the
error.

An early method of providing redundancy in Baudot
transmission, developed by C. Verdan, depended upon
transmitting each signal element three times at intervals.
Early examples of special equal-length error-detecting
codes were those of Moore and Mathes (U.S.A.) and van
Duuren (Netherlands).

In 1951 the Post Office began research into the properties
of the many types of error-detecting and error-correcting
codes. Theoretical studies showed that seven-unit codes
(associated with automatic request for repetition after the
manner of van Duuren) were likely to be most generally
useful. Radio trials of three different seven-unit codes
indicated that transmission conditions associated with
long-distance h.f. circuits most frequently favoured the
constant-ratio 3-mark/4-space type of code. A two-
channel electronic error-correcting multiplex equipment
has been developed along these lines.

LINE TRANSMISSION AT AUDIO FREQUENCIES

The earliest line amplifiers were mechanically coupled,
telephone receiver and transmitter units, with which the
names of S. G. Brown (Great Britain) and Shreeve (U.S.A.)
were associated. They were tried but with little success
during the period 1910-14. In May, 1916, four valve-
repeaters were installed at Birmingham on 200-lb unloaded
phantoms in the London-Birmingham-Liverpool cable, and
by the end of the First World War the experience already
gained left no doubt that the thermionic amplifier would
make a major contribution to the improvement and ex-
pansion of the trunk service.

Repeaters to laboratory designs were constructed and
subjected to systematic field trials, first on 2-wire and later
also on 4-wire circuits, to determine the practical limitations
to their use. Standards of performance were evolved
which provided a basis for commercial designs and for the
planning of the trunk network. By the later 1920s repeaters
were coming into fairly extcnsive use, and cable conductor
gauges were reduced, generally to 40-Ib/mile and 20-1b/mile
for 2-wire and 4-wire circuits, respectively. Loadings
heavier than 176 mH at 2,000-yd intervals (cut-off 2,800 c/s)
were abandoned, and on important routes pairs with extra-
light loading (44 mH at 2,000-yd spacing-—cut-off 5,500 c/s)
were provided. 8

Further refinements were called for in making, laying
and balancing cables. Tolerances on loading-coil spacings
were investigated and specified, chicfly to ensure efficient
operation of the 2-wire circuits then used in considerable
numbers. Manufacturing methods were improved so as to
reduce capacitance unbalances, and balancing practice was
reviewed. Following experience with the London-Derby-
Manchester cable of 1922, efforts had been made to secure
some degree of mutual capacitance matching. Methods
alrcady in usc for reducing unbalances were found to give
adequate freedom from crosstalk for 2-wirc repcatered
circuits, but the rather high gains then used in 4-wire
circuits called for further reduction in crosstalk between
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for metallic contact, but these conditions necessarity involve
high wear. Good contact can be achieved and wear reduced
by lubricating rubbing contacts by poly-tetra-fluor-ethylene
which, combined with cheaper plating techniques, may
eventually make the use of noble metals economical on
bank contacts.

V.F. Signalling—Internal and International Systems.

Although voice-frequency signalling was invented in
England during the First World War, it had to wait for
better valves and more widespread use of automatic
switching before it could become commercially attractive,
except for the relatively simple 500/20 c/s generator
signalling on the early repeatered circuits. Interest revived
about 1930, and some work was done by Siemens Brothers
and Standard Telephones & Cables in this country. The
Post Office became interested in the design of long-
distance v.f. signalling and dialling equipment in 1932.
High-emission indirectly-heated valves had recently become
available and with them notable advances were made in the
design of v.f. receivers. In particular, the use of pentodes
enabled receivers to be run directly off the 50-V exchange
battery. Matters investigated included wvariations in
received-signal levels, imitation of signals by speech,
interference by speech and switching transients, effects of
including echo suppressors, and the spill-over of signals from
onev.f.circuit toanother when operated intandem. Afterfield
trials between London and Bristol, what is now known as
A.C. Signalling System No. 1# became the subject of a
Post Office specification and was produced by manu-
facturers. Operational service commenced in 1939 and was
of great value during the war because an appreciable
number of long-distance calls could be completed without
the services of a second operator. One of the conditions
specified for the system was that it should work on 2-wire
arcuits or between the 2-wire ends of 4-wire circuits. It
was realized at the time that a system for use only on the
uni-directional channels of a 4-wire circuit would be much
simpler, but there were many 2-wire trunk circuits in
existence and many of the 4-wire circuits had long 2-wire
extensions at the ends.

With the reconstruction of the European network after
the war, the need arose for a standardized international v.{.
signalling system. The first problem was to obtain agree-
ment on the frequencies to be used. The Post Office
constructed an apparatus which, without interfering with
service, could be connected to a number of trunk circuits
so that the speech on the circuits could be sampled and
processed to explore the probability of signal imitation
with different signal frequencies, receiver bandwidths,
guard coefficients and receiver sensitivities. This apparatus
was initially installed in London Trunk Exchange. With
the co-operation of the Swiss Administration, the apparatus
was later installed and used in Zurich Trunk Exchange for
observations to be made on circuits carrying conversations
mainly in French, German, and Italian, and many
European administrations provided high-quality records
of speech in their own languages for analysis by the
apparatus. The present recommended international v.i.
signalling frequencies are based on this work,4® and on
some similar but less extensive observations in other
countries. The C.C.I.F. proceeded to develop and test two
semi-automatic v.f. signalling systems, one using two
frequencies and the other a single frequency, and these have
now been adopted for international working. These are
4-wire signalling systems, the use of which can be expected
to increase steadily from now on.

Electronic Switching.

The use of electronic devices in switching circuits had
begun some time before the 1939-45 war. Gas-discharge
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tubes were employed in timing circuits and the laboratories
used vacuum-valve circuits for counting pulses. A relay
and electronic director was under development, in which
the translator was common to a number of register-senders.
The possibilities offered by what is now described as
“‘electronics’’ were appreciated from wartime work which
brought Post Office engineers into contact with engineers and
scientists in other fields. Artillery predictors, digital
computers, code converters and numerous other applica-
tions clearly established the wversatility of electronic
devices. Perhaps more important still, mathematicians
had their attention directed to problems then being solved
by electronics, and they made notable contributions to the
basic concepts underlying the design of automatic machines.
The post-war research program included the construction
of a large digital computer, subsequently christened
“Mosaic,” and also an investigation into the possibil ties of
electronic switching in the telephone system. The Mosaic
computer46 uses ultrasonic pulses in mercury as the
memory organ and vacuum valves as switching elements.
The basic switching operations are timed at intervals of
about lus, which is about 1,000 times faster than can be
achieved with relays. The large memory capacities and
high switching speeds suggested new kinds of register-
translators (or directors). A universal director?? translating
any number of codes of mixed lengths was shown to be
possible using mercury delay lines, hot-cathode vacuum
valves and cold-cathode gas-discharge tubes. The ad-
vantages of such a system are most pronounced in a fully
electronic exchange. For the first practical trials, experi-
mental directors giving the facilities of their mechanical
equivalent were installed at Richmond exchange, in the
London director area; these directors,48 operating at a
lower speed and with less memory capacity, have proved
a valuable pioneering effort.

Analysis of the electronic exchange problem showed that
there were three classes*® of electronic switches capable of
interconnecting speech circuits. It further indicated that
the higher speed of switching would make possible new
kinds of telephone switching systems; for example, a
system in which only one call is being set up at a time. The
three kinds of electronic switch were called space-, time-and
frequency-division. The space type uses an array of, for
example, cold-cathode diodes in horizontal rows and
vertical columns, to produce switches very similar in
capacity to cross-bar switches, and trunked in much the
same way as cross-bar exchanges. Time-division switches
use switched pulse-trains, and frequency-division switches
use switched sine-wave carriers to effect connexion
between circuits, and both generally result in larger
switches with fewer stages of selection than the space-
division type. In co-operation with our manufacturers, a
joint study of the requirements of an all-electronic exchange
i1s being made with the object of producing a working
exchange as early as possible.

COMPONENTS AND MATERIALS

One of the most important contributions of research to
the development of the telecommunications service is the
study of new materials which promise useful applications,
and of components and fundamental circuit elements
required to enable development engineers to provide new
features in the design of systems and equipment. In such
a short history as this, it is not possible to do more than
mention a few typical examples of work on components
and materials.

Filters.

Filters with recurrent sections were first needed in 2-wire
repeaters to limit transmission to the band of frequencies
for which satisfactory balances could be constructed.
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amplifier and easier to make in a stable and reproducibie
form.

Audio amplifiers designed by the Post Office are on field
trial. One type uses a single push-pull stage and provides
a gain of about 25 dB between 600-ohm terminations, with
some mixed feedback, and acceptable return losses. A
more promising design for use in large numbers uses two
stages in cascade with overall feedback; it awaits production
of a medium-power transistor, which is at present under
development in this country. Other designs of amplifier
have aimed at wider bandwidths, e.g. 50-20,080 c/s and
60-108 kc/s; some success has been achieved in the
laboratory. Oscillators of good stability have been designed.

What are the advantages of transistors, real or potential?
There is no heater and therefore a saving of power
consumption; the reduction in heat to be dissipated allows
more compact assembly of equipments. Transistors require,
in general, low-voltage supplies; electric stresses in accom-
panying components are less than in valve circuits. Full
advantage has yet to be taken of this reduction. Transistors
are small and very robust. Insufficient is known of their
reliability but confidence is growing that the defects in
technology that caused rapid failure in some early units
can be eliminated without difficulty and that the residual
changes, diffusion of atoms and drift of ions, take place verv
slowly indeed. When it has been established that transistor
lives are adequate, then consideration can be given to their
use in equipment not easily accessible for maintenance,
such as submerged telegraph repeaters.

The equivalent circuits for the transistor are more
complex than those for valves. Circuit analysis is therefore
more involved, but the difference is not such as need deter
those wishing to take advantage of the small size and low
power consumption.

Progress has been made towards the production of
practical specifications for transistors as engineering
components.

The most recent developments in the junction transistor
take it well into the radio-frequency field (reception but
not yet transmission); other properties, not much exploited
so far, make it a versatile switch.

Electronic engineers seem assured of a new component
whose advantages over a wide field of use far outweigh any
disadvantages.

Water-Soluble Piezo-electric Crystals.

Other piezo-electric materials besides quartz have been
studied with a view to their use in communications. Such
materials might either serve as substitutes for quartz (which
might become necessary in the future because the continued
supply of high-grade quartz crystal is not assured), or give
electrical characteristics unobtainable with quartz. Rochelle
salt has been used since about 1930 in electromechanical
devices (such as loudspeakers and gramophone pick-ups),
but its properties are not suitable for its use in oscillator
or filter circuits.

The Post Office has produced large crystals of several
other water-soluble materials, and examined their elastic
and piezo-electric properties in great detail. Generally,
their properties change with temperature more than those
of quartz, but their greater piezo-electric activity gives a
wider choice of equivalent electrical circuits. None of them
is as generally useful as quartz, but enough is known about
two of them to allow them to be brought into use if
necessary.

THE FUTURE
The transatlantic telephone cable is likely to be followed
by a period of expansion in transoceanic communication by
submarine cable, in which, for some years, the techniques
of the present transatlantic telephone cable or of the

Newfoundland-Nova Scotia cable will be followed. The
cost per circuit will be reduced by closer spacing of repeaters
(thus increasing the bandwidth transmitted) and by new
designs of cable, but the cost of a transoccanic call will
remain high. Attention is even now being directed to
methods of increasing the number of calls which can be
passed during the busy hours. Two lines of attack may be
mentioned here which may be used to reduce the cost per
call.

That which is perhaps likely ultimately to be most
profitable is the transmission of commercial-quality speech
within a restricted band of frequencies. The best-known
device of this kind is the vocoder, but this requires the use
of high-quality microphones and is therefore not imme-
diately applicable to commercial service. Work is in hand
on a system in which a substantial part of the speech band
is transmitted directly, but is supplemented by vocoder
channels derived from the upper part of the band. This
shows some advantage over obtaining more channels by
restricting the bandwidth, with the consequent loss of
speech quality (without supplementary vocoder channels),
and might be a short-term expedient. In recent years the
analysis of speech in terms of the movements of formants
(due to resonances in the vocal tract) has been studied in a
number of countries. Work on bandwidth-compression
systems based on formant movements has made a promising
start in this country, including work at Dollis Hill, but it is
as yet too early to predict a successful outcome.

Another possibility of increasing traffic-carrying capacity
is to combine the channels of the system into (unidirectional)
go and return ‘‘pools”; channels being switched as required
for the period needed [or transmission of speech or super-
visory signals. Switching would be controlled by a sub-
scriber commencing and ceasing to speak and by the
beginning and end of supervisory signals. Margins must be
allowed to ensure that when a channel is required the chance
of finding all channels engaged is acceptably small. The
traffic capacity of a group of 36 circuits ({as in the trans-
atlantic telephone cable) would perhaps be doubled, but
with such expensive circuits, speech interpolation equip-
ment might well be justified. This is an example of a
problem which, as a result of advances in electronics, is
now capable of practical solution.

The high degree of freedom from faults in the repeaters
of the transatlantic telephone cable (not approached in
normal equipment) has been attained by ruthless testing
and selection of every component used and extreme care in
assembly. One of the tasks for the future is to achieve a
significant increase in the reliability of normal equipment
at a cost which will be more than balanced by reductions in
maintenance costs and other charges and an increase in
revenue due to more efficient service. Chemists and
physicists have contributed greatly to the reliability of
submerged repeaters and will have an indispensable part to
play in improving the reliability of components for the
telecommunications system in general. Advances have
already been made in designing accelerated life tests of
componentsand in their interpretation. Continued progress
and close liaison with manufacturers will be necessary to
make possible the design and manufacture of equipment
which will have a negligible fault rate over a long term of
years.

A number of patents relating to waveguide transmission
were published more than 20) years ago, and rectangular
waveguides were used in radar equipment during the war.
They have since been extensively used as feeders in micro-
wave radio equipment. Comparatively recently significant
progress has been made towards the solution of some of the
problems associated with the use of circular waveguides,
which have the possibil'ty of a particularly favourable
attenuation/frequency characteristic. With one of the
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several possible modes of transmission, above the cut-off
frequency attenuation falls as frequency rises. Until
recently it seemed that to transmit this mode the accuracy
needed in the construction and placing of the waveguides
would make their use in commercial service impracticable
for long-distance communication. Amplification at frequent
intervals will be necessary, perhaps every mile or even more
frequently. There are many problems to be solved, but
maybe in 10 years’ time waveguides will be in competition
with coaxial cables and microwave radio links on routes
where very large blocks of telephone circuits and many
television channels are needed.
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Post Office sorting offices are in a few instances, notably
that at Bristol,® linked to adjacent railway stations by
means of conveyors. Elsewhere, petrol-driven or battery-
driven trucks!3 are used to carry mailbags to and from the
station. These, together with the pedestrian-controlled
electric trucks recently introduced, have more than proved
their worth for short-distance work. For the bulk of the
station services, however, together with inter-office distri-
bution in the large cities and in rural areas inadequately
served by rail, Post Office or contractors’ motor vans are
used.

Some 70 ft beneath the streets of London the Post Office
operates a 2-ft gauge electric railway?$, linking seven prin-
cipal offices and two main-line railway termini on a 64-mile
route through East, Central and West London. The design
of the Post Office railway was initiated in 1909, but the
First World War and its aftermath delayed the completion
and opening of the system until 1927. Apart from the
saving of time by comparison with road journeys, the
railway can be relied upon when weather or other conditions
disrupt surface transport. Minor modifications and im-
provements have been adopted from time to time but its
basic design is still satisfactory. A two-car train (see Fig. 11)
can carry 40 parcel bags or 110 letter bags at a maximum
speed of 35 m.p.h. in the 9-ft twin-track tunnels. The d.c.
traction supply is derived from three independent mains
sources. The normal operating voltage is 440V, but this is
reduced to 150V in low-speed sections such as station
approaches. There is a central conductor-rail and one of the
running rails serves as the return path for traction current,
whilst the other is employed for signalling and control
purposes. The track circuits are so arranged that a failure
of the apparatus or of the supply of current stops the trains.
Switch-men, located in cabins at the main stations, control
the movement of the driverless trains by means of levers
which are so interlocked and guarded that current can be
connected only when the track has been tested and found
clear, points proved correctly set, and all other safeguards
are in operation.

The annual traffic is now over 12 million bags and the cars
travel nearly two million miles in a year, equivalent to over
750,000 motor-van miles. The railway thus makes a not
inconsiderable contribution to the relief of street congestion.

THE TREND OF SORTING-OFFICE DESIGN

The siting of a sorting office is invariably a compromise
between conflicting requirements, but easy access to the
railway is clearly one of the essentials. The ideal is, of
course, for bags to be moved by trucks or conveyors
directly between the train and the first and last handling
points in the sorting office. The use of air transport,
including helicopters, is now beginning to influence the
location and design of sorting offices. The type and
number of mechanical aids to be used in an office, either at
its inception or in the foreseeable future, is considered
jointly by postal, engineering and building specialists at a
very early stage in its design and the building is planned to
accommodate these aids to best advantage.

At very large offices the positioning of a parcel-sorting
machine, occupying a floor area of perhaps 20,000 sq ft,
may be a dominant factor in deciding the layout and design

of the office as a whole. Where there is no parcel-sorting
machine the layout of mechanical aids centres around the
loading platform,

Two sites are seldom alike and office requirements differ
so much that every job has to be tackled individually.
The layout is arranged so that conveyors are as short as
possible, or better still are eliminated by siting successive
processes close tegether. Where possible, mail movement is
arranged to be from the top of the office downwards to take
advantage of gravity-operated transport devices.

Increasing traffic, shortage of labour, and cost considera-
tions make it essential for the postal services to keep
abreast of the times, and the search for new materials and
methods, and for new applications of established techniques,
proceeds continuously.

Postal administrations throughout the world are showing
interest in mechanization. The United Kingdom takes an
active part in the work of the Universal Postal Union, an
international organization with headquarters at Berne, the
object of which is to promote collaboration between the
postal administrations of all countries. In 1951, in concert
with the Netherlands and Switzerland, Great Britain
produced a technical brochure8 later published by the
Union, covering most aspects of mechanized mail handling.
Through the Universal Postal Union and by direct contact
with Commonwealth and other overseas Administrations,

the Post Office participates in a steady interchange of
information about this work.
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2,000-type, regenerator No. 1, motor uniselector and
hand-combination telephone sets.

This system of working has been advantageous both to
the Post Office and to the manufacturers since it facilitates
mass production, simplifies maintenance and training and
leads to a more uniform loading of the various factories,
and greater productivity. It is of the utmost importance
that highly developed productive works, such as are
required in the telephone industry, should be kept uniformly
loaded if efficiency of production is to be maintained.
Uniform and adequate loading of the plant is also a most
valuable prerequisite for economical production for the
export market, where competition is becoming more and
more acute. The production of items for the home market
which will also have their sale in overseas rnarkets is also
very important and this point is borne in mind by the
committees concerned. Telephone apparatus of all kinds is
one of the most valuable forms of export owing to the
relatively large labour element compared with the imported
raw materials in the end-product, and its encouragement is,
in present circumstances, of paramount importance in the
national interest.

CABLE AND LoADING-CoIL DESIGN AND MANUFACTURE

Until 1931 the supply of cable to the Post Office was dealt
with by means of competitive tenders, except for the period
from 1920 to 1930, when the cable for local lines was
covered by a series of short-time price arrangements. In
1931 the Post Office entered into a bulk agreement with the
telephone cable manufacturers which facilitated a rational-
ization of the industry by concentrating production in
fewer factories and thus increasing efficiency. The agree-
ment embraces a total of six manufacturers, four of whom
supply local and trunk cables and also install cables in the
trunk and junction networks, and two of whom supply
only local cables.

With so many common problems it is natural that the
co-operation on the technical side has reached a very high
level. This co-operation is carried out by means of two
committees, the Joint Committee (Technical) and the Joint
Committee (Installation). To these committees are referred
the many problems of design and installation of cables and
it can safely be claimed that only through the willing
co-operatien of the Post Office and the Industry have inany
of the advances in cable technique been carried to successful
conclusions. Cable development is now proceeding more
rapidly than ever and the closest collaboration between the
Post Office and the Cable Industry will be even more
necessary in the future than it has been in the past.

A similar agreement was negotiated with loading-coil
manufacturers in 1933, and it has worked successfully
since then. This agreement embraces four manufacturers.
A joint committee of the Post Office and the Industry deals
with the technical problems arising and agrees specifications.

Recent work of this committee includes the development of -

new loading coils and cases and of ‘“unicoil” loading, i.e. the
insertion of small coils in joints.

TESTING AND INSPECTION OF PRODUCTS

Developments in the manufacture of telecommunications
equipment, which nowinvolves the production and assembly
into complex units of a great number and variety of piece
parts and components, have necessitated parallel develop-
ments in inspection techniques.

Inspection, which in its primitive form existed simply to
reject defective products, is now primarily concerned with
controlling the quality of production at all stages of manu-
facture. That is to say, with preventing the production of
defective items instead of attempting to reject them when
produced. Quality control methods, involving statistical
sampling techniques, are now widely used in the Telecom-
munications Industry. They enable the quality of output
at each stage of production to be watched, and potential
causes of defective production to be detected and eliminated
before their effect becomes serious, thus minimizing waste of
material and effort and maintaining the quality of the end-
product at the desired level.

The employment of quality control by the manufacturers
has largely removed the necessity for the Post Office to
inspect in detail the bulk of the equipment it purchases.
Instead, the Post Office inspectorate now extensively
employs batch sampling and similar techniques, which are
complementary to those employed by the manufacturers
and which provide, at minimal cost, the necessary assurance
that the supplies purchased are of a quality that will
satisfactorily meet both service conditions and economic
requirements.

THE FUTURE

The future of the telephone industry is bright indeed, if
wise statesmanship will allow the service to develop freely.
If the telephone density in this country were the same as
in the United States, where the service is still developing
at a very rapid rate, there would be about 15 million tele-
phones here instead of seven million, with all that that
implies in increasing productivity and export potentialities.
Electronics have already played a big part in making the
service more economical and efficient, and they are likely
to play a bigger part in the future. The telephone problem
is a specialist one and its ramifications demand a special
“know-how”” which is available in the manufacturers’
organizations and can be applied to the new methods in the
future with great advantage.

It is not possible to forecast the ‘“‘shape of things to
come” in the field of electronic switching. But the adoption
of these new techniques, possibly incorporating new modern
components such as transistors, magnetic drums, printed
circuits, miniature long-life valves and other components
and other new devices, will make heavy demands not only
on manufacturers’ research development resources, but will
require major changes in the realm of workshop practice
and organization.

In the advances that have been foreshadowed we are
ready and willing to play our full part and help to keep
British telephones and telegraphs in the forefront of
progress.

CONCLUSION

It will be clear from the brief descriptions given above of
the highlights in the development of telecommunications in
all its phases during the last 50 years that industry has
played its full part alongside the Post Office in helping to
reach the present highly developed state of the art. Itis the
strong hope of the Industry that the close co-operation will
be maintained and even, if possible, strengthened in the
years to come, so that together we shall see still greater
expansion and, by the further application of electronic and
other new techniques, a more and more efficient aid to the
general productivity and prosperity of the country.
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An essay submitted for consideration ot an award in the
Essay Competition and also submitted in connexion with
the Associate Section I.P.O.E.E. prizes, will not be eligible
to receive both awards.

In judging the merits of an essay, consideration will be
given to clearness of expression, correct use of words, neatness
and arrangement, and although technical accuracy is essential,
a high technical standard is not absolutely necessary to qualify
for an award. The Council hopes this assurance will encourage
alarger number to enter. Marks will be awarded for originality
of essays submitted.

Copies of previous prize-winning essays have been bound
and placed in the Ilnstitution Central Library. Members of
the Associate Section can borrow these copies from the
Librarian, I.P.O.E.E., G.P.O., Alder House, London, E.C.1.

Competitors may choose any subject relevant to current
telephcne or telegraph practice; foolscap or quarto size paper
should be used, and the essay should be between 2,000 and
5,000 words. An inch margin is to be left on each page. A
certificate is required to be given by each competitor, at the
end of the essay, in the following terms:—

‘In forwarding the foregoing essay of ... words,
I cevtify that the work is my own unaided effort both
as vegards composition and drawing.’

Name (in Block Capitals)..

Signature

Rank

Departmental Address.

The Essays must reach
The Secretary,
The Institution of Post Office Electrical Engineers,
G.P.O., Alder House, London, E.C.1,
by the 31st December, 1956.
The Council reserves the right to refrain from awarding the
full number of prizes or certificates if in its opinion the essays
submitted do not attain a sufficiently high standard.

Review of Prize-winning Essays—
1955.56 Competition*

The Council of the Institution is indebted to Mr. W. S.
Procter, M.I.E.E., F.RS.E,, Chairman of the Judging Panel,
for the following review of the five prize-winning essays:—

““The Panel of Judges had no hesitation 1n selecting
‘Problems and Personalities at Maintenance Control,’ by
Mr. E. F. Taunton, Perth, as the first prize winner. His essay
is a study of the human relations existing between the various
members of a team directed from a Maintenance Control, and
he bases his analysis on the different types of personality that
a Maintenance Control Officer is likely to encounter. Each
is drawn true to type, and it is obvious that the author is well
able to appreciate the difference between them. The problems
that may confront a Maintenance Control Officer are legion,
but the author has selected typical occurrences and shows
how the decisions made by the Control Officer can smooth the
way for the Repair Staff. Mr. Taunton takes the first prize
for the clever way in which he has dealt with an unusual
subject and shown how problems and personalities can even
affect one another in a Maintenance Control.

Second in order of merit is an essay by Mr. H. F. Bentley,
of Edenbridge, Kent, entitled ‘The Long Arm of Dual Main-
tenance.” This is an analysis of the widely different conditions
that a Dual Maintenance man has to meet, ranging from the
clearance of overhead faults to the adjustment of equipment
in a UAX. He deals, too, with the more common types of
fault that occur in various parts of the plant, from braided
cables to cords, dials, transmitters and selector wipers and
banks.

The essay by Mr. J. R. Haggart, Edinburgh, entitled 'The
Development of the Telephone’ was awarded third place.

* The full list of Awards was pullished in the P.O.E.E.J.
July, 1956, p. 137.

This is an historical acconnt commencing with the invention
of the telephone by Alexander Graham Bell, and ending with
the modem telephone instruments in use to-day. The author
also takes a brief look at the possibilities of further development
in the future.

Next is the essay by Mr. J. O. Rogers, of Rugby Radio
Station, entitled 'How Far is Automation a Good Idea?’ In
attempting an answer to this question, the author compares
the ‘A’ and ‘B’ buildings at Rugby Radio Station, describing
the automatic equipment available in the new building to
enable one individual to control the operation of 28 trans-
mitters. He directs attention to the greater concentration of
skilled work in maintenance and fault clearing through the
increased complexity of the automatic control equipment,
but he is not quite sure that automation is all that good.

Finally, 'Conducting the Public around a Telephone
Exchange,” by Mr. J. L. Care, of Eltham, Kent, describes the
way in which the local staff can undertake an important
aspect of public relations. He analyses the visitors into
various categories and shows the best program for a visit by
each. He comments on the value of demonstration equipment
of various kinds and makes some attempt to assess the value
of visits of this kind to customer relations.”

H. E. WiLcocksoN, Secretary.

Additions to the Library

23686 Sevvices Textbook of Radio, Vol. 3: Electronics. J.
Thomson (Brit. 1955).

Primarily designed for the beginner, and deals with
the subject in i%é relation to radio. (The other volumes
are to be issued later.)

2357 Concrete Matevials and Practice.
1955).

Provides a broad outline of the science of concrete
making.

2358/9 Advanced National Certificate Mathematics,
and 2. J. Pedoe (Brit. 1954).

Vol. 1 covers the requirements of the Al examination
of the H.N.C. and Pt. 1 of B.Sc.(Eng.). Vols. 1 and 2
together cover Al and A2 H.N.C. courses and Pts. 1
and 2 of B.Sc.(Eng.).

2360 Municipal Law for The Engineer. S. F. Rich (Brit. 1955).

A brief survey of Municipal Law in those matters of
most concern to the engineer in local government service.

2361 Building Technique for Bomestic and Similar Structuves.
E. Gunn (Brit. 1955).

Deals fully with the construction and fitting of small
houses.

2362 Electronic Transformers and Circuits.
1955).

Deals with the design of transformers for electronic
apparatus and attempts to provide an understanding of
the effects of transformer characteristics on electronic
circuits.

2363 Principles ¢f Communication Systems. W. D. Hershberger
(Amer. 1955).
Presents the basic material common to both the older
and newer communication systems.
2364 The Modern Building Encyclopaedia.
(Brit. 1955).
A comprehensive reference book.
2365 Magnetic Recording Handbook. R. E. B. Hickman (Brit.
1956).

Designed for the enthusiastic amateur and the skilled
worker; covers the theory, practice and servicing of
domestic and professional tape and wire recorders.

2366 Basic Mathematics for Science and Engineering. P. G.
Andres, H. J. Miser and H. Reingold (Amer. 1955).

Presents very comprehensively the mathematics
required for the pursuit of elementary science and
enginecring courses and serves as a preparation for a
course of the calculus.

2367 Mains Practice: Transmission and Distribution f
Electvic Energy. T. H. Carr (Brit. 1956).

Covers the broad field of mains practice, taking in

both overhead and underground systems.

W. D. FLORENCE,
Librarian.

L. J. Murdoch (Brit.

Vols. 1

R. Lee (Amer.

Ed. N. W. Kay
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Book Reviews

“Information Theory: Third London Symposium, 1955.”

Edited by Colin Cherry. Butterworth’s. 401 pp. Ill. 70s.
Thirty-six papers and four summaries of papers presented
to the Symposium are collected in this volume; in most cases
a brief record of the discussion of the paper is appended. A
first impression is the wide variety of the subjects treated.
The editor has grouped them into five sections: Fundamentals;
Coding, Taxonomy, etc.; Language Analysis and Mechanical
Translation; Meaning and the Human Senses; Behaviour and
its Mechanism. Marcou’s and Daguet’s “New Methods of
Speech Transmission’” (no longer so new) is in the fourth of
these sections, as also are two substantial contributions by
Licklider and by Allanson and Whitfield to the discussion on
the auditory sensation of pitch, started by Helmholtz more
than a century ago. Zctterberg’s ‘A Comparative Study of
Delta and Pulse Code Modulation’ is in the section on Coding,
as are papers by Laemmel and by Elias relative to electronic
switching and to telegraph codes respectively.

For the rest, it is fair to say that about half the book is not
intelligible to the ordinary reader on account of extensive use
of mathematical or other strange symnbols or unfamiliar
terminology. On the other hand a dozen or so of the papers
might find a place by the bedside of those who enjoy reading
philosophical essays, irrespective of the subject matter.

The reporting of the discussions deserves special mention,
In total they occupy only about a tenth of the book and less
than half the papers have more than one page for the
discussion, yet for the ordinary reader they are often revealing
and informative out of proportion to their length. It may be
remarked that the most keenly controversial of the discussions
occur in the section on Fundamentals.

It would be a mistake to pick up this book expecting to
learn much about Information Theory. It is not a text book.
In fact, with so wide a field of coverage ‘Information Theory"’
must mean different things to different people. In MacKay’s
paper it means ‘‘broadly the theory of processes by which
representations come into being, together with the theory of
those abstract features which are common to a representation
and that which it represents.”” Other authors are not so
specific; many don’t even mention it.

It is tempting to add a few brief extracts from the book.
Did you know that statistics have been used to compose the
music of cowboy songs (p. 169)? Or that “in every voting
procedure where voting is open there exists an equilibrium,
a result such that each voter can say ‘If I had known exactly
how all the others were going to vote, I wouldn’t have had
any incentive to vote otherwise than I did" "’ (p. 50)? Or that
it is “‘easier to do a little about several things than to do very
much about a single one'’ (p. 366)? In one of the discussions
the question is asked: ‘‘Could a system of rules be settled
which would pick at random into existing literature about a
subject to get sufficient relevant good literature to cover
practically the whole field considered?”” (p. 132). Believe it
or not, the question is well answered—with reference to the
climate of Alaska!

One of the papers is introduced by a quotation, which
might well have appeared on the title page of the book: '“To
philosophize is hard, but not to philosophize is even harder’”

(E. Rogge). W. W.

‘‘Abacs or Nomograms.” A. Giet (Ecole Nationale des
Ingénieurs Arts et Métiers, Paris). Translated by J. W.
Head and H. D. Phippen. Illiffe & Sons, Ltd. 235 pp.
162 ill. 36s.

It is sometimes necessary for an engineer to make a large
number of calculations from the same formula. The use of a
slide-rule or a table of logarithms may help to reduce the
labour of computation; but if the formula contains several
variables the labour involved may be very great. It is possible
to avoid this computing labour by drawing once and for all a
diagram representing the formula; in this diagram, each
variable is represented by one or more graduated lines, and
the solution of the formula for any given set of values can be
read off at once by means of an index line. Such diagrams
are called Abacs or Nomograms. and may be regarded as
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stationary slide-rules. They possess, however, certain advan-
tages over ordinary slide-rules, for additive as well as multi-
plicative operations can be performed at the same setting.

The literature on the subject of nomograms is not large
and most of it has been written for mathematicians and
centres round D’Ocagne’s highly analytical work, Traité de
Nowmographie. Consequently, an engineer who wishes to
construct nomograms for his own use may not find this
literature very helpful. The present work by M. Giet, however,
is essentially practical and does not call for an expert know-
ledge of projective geometry or basic determinants, etc. It
shows how an engineer without specialized mathematical
knowledge may construct his own nomograms, and is illus-
trated by many practical examples. The style of the book is
pleasing, and it is easy to read in spite of the fact thatitis a
translation of an original French text.

The first two chapters of the book deal with the graphical
representation of relations between two variables. The choice
of linear and non-linear scales and the part played by the
concept of a scale modulus are clearly described and illustrated
by specific examples. The following chapters deal with
problems connected with the graphical representation of
relations between three or more variables. Examples treated
in these chapters have been drawn from the fields of physics
and electrical engineering; in every case stress has been laid
on the details of construction and methods of choosing
auxiliary variables. Most of the nomograms described are
scaled in the original French units; this is of small importance,
however, for it is an easy matter to convert them to British
units.

This book can be recommended to engineers interested in
the construction of computation charts. It is hardly necessary
to point out that only approximate results can be obtained
from these chart. If accurate results are required from a
formula a desk calculating machine may be used with
advantage; if, however, a large number of accurate calcu-
lations are required from the same formula, it may be worth
while to program the calculation for an electronic computer.
It all depends upon the accuracy required. H. J. J.

Books Received

‘‘Electrical Who's Who 1956-57.”" Fourth Edition. Electrical
Review Publications, Ltd. Distributed by lliffe & Sons,
Ltd. 458 pp. 2ls. (postage ls. 5d.).

This new edition has been considerably enlarged and now
there are about 7,000 entries. They include men and women
in every branch of the electrical industry and profession—
electricity supply, electrical manufacturing, contracting,
consulting, research, transport, mining and trade associations,
the Admiralty, the Post Office, the Ministry of Supply and
other Government Departments.

Details are given of the positions and previous appointments
of the men and women dealt with, as well as their qualifications
and professional activities. An extensive section of the
directory is an index in which all biographical entries are
classified under the titles of their companies and other
organizations.

““Theory and Practice of Rhombic Antennas.’”’ (In Portuguese).
A. A. deCarvalho Fernandes, Eng.Dipl. (I.S.T.), M.I.R.E,,
AM.ILE.E. Coimbra Editora, Lda., Coimbra, Portugal.
XVI + 407 pp. Ill. Esc. 150.00.

The first four chapters deal with the propagation of
electromagnetic waves based on Maxwell’s equations. Chapters
V to VIII deal with fundamentals on radiation and on typical
linear antennas and antenna arrays, establishing the basis for
the more detailed studies presented in Chapters IX and X,
which refer to rhombic aerials and arrays of rhombics.
Chapter XI refers to terminal impedance measurements and
Chapter XII to pattern radiation measurements of rhombics
and arrays of rhombics.



BOARD OF EDITORS

"D. A. BarroN, M.Sc., M.L.LE.E., Chairman.

‘L. F. ScaNTLEBURY, Whit.Sch., A.C.G.I., D.I.C.,, M.1.E.E.
:H. G. BERR, WVhit.Sch., A.C.G. I

C. E. CaLVELEY, O.B.E., E.R.D., B.Sc.(Eng.), M.L.E.E.
T. H. Fx.ownns, M.B.E., B.Sc.(Eng.), M.IL.E.E.

R. H. pE Warpr, B.Sc.(Eng.), A.C.G.I., AM.LLE.E.

R, F. WALDEGRAVE,

-W. A. Humpnrriss, T.D., AM.I.LE.E., Managing Editor.

. H. BROADHURST, A. M1EE.
. Davis, AM.LE.E. }Asslstant Editors.
A. J. Hurchison, Secretary-Treasurer.

Copyright

The entire contents of this JoURNAL are covered by general
copyright, and special permission is necessary for reprinting long
extracts, but Editors are welcome to use not more than one-third
of any article, provided credit is given at the beginning or end thus:
"From the Post Cffice Electrical Engineers’ Journal."

The Board of Editors is not responsible for the statements made
or the opinions expressed in any of the articles in this JourNarL,
unless such statement is made specifically by the Board.

Communications

Allcommunications should be addressed to the Managing Editor,
PO.EE. Journal, Engineer-in-Chief's Office, Alder House,
Aldersgate Street, London, E.C.1. Telephone: HEAdquarters 1234.
Remittances should be made payable to “The PO.E.E. Journal’
and should be crossed ‘‘ & Co.”

Binding Cases

Cases for binding are available, and may be obtained from the
Local Agents for 3s. Subscribers can have their copies of volumes
bound, at a cost of 10s. 6d., by sending the complete set of parts to
the Local Agents or to the P.O.E.E. Journal, Engineer-in-Chief’s
Office, Alder House, Aldersgate Street, London, E.C.1. Orders for
binding for Vols. 1-19 should indicate whether the original binding
case with black lettering, or the later pattern with gold, is required.
Cases c‘lVith golad lettering are the only type stocked from Vol. 20
onwards.

Back Numbers

The price of the JourNaL, which is published quarterly, is 2s. 8d.
(2s. 9d. post free) per copy, or lls. per annum, post free. Back
numbers can be supplied, subject to availability of stocks, at 2s. 6d.
each (2s. 9d. post free). Orders for back numbers may be sent to the
P.O.E.E. Journal, Engineer-in-Chief’s Ofhce, Alder House, Alders-
gate Street, London, E.C.l, or to the Publishers.

Employees of the PRritish Post Office can obtain the journal
through Local Agents at the reduced price of 2s. per copy.

Advertisements

All communications relating to space reservations should be
addressed to the Advertisement Editor, P.O.E.E. Journal, Alder
House, Aldersgate Street, London, E.C.]1. Communicationsregarding
advertisement copy, proofs, etc., should be addressed to the
Publishers, Messrs. Birch & Whittington (Prop. Dorling & Co.
[Epsom] Ltd.), 49 Upper High Street, Epsom, Surrey.

THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS
The followmgegnpers contributed to the proceedings of the lnstltutlon have been
rinted 'y the aul hority of the Council and may be obtaired, fro m
“THE LIBRARIAN, THE INSTITUIICN QOF FQOST OFFICE ELECI‘RICAL
ENGINEERS, G.P.O. (ALDER HOUSE), LONDON, E.C.1
The price per copy is 2s. 6d. (2s. 8d. post free)and Corporate Members of the Institution and Members of the Associate Section have the privilege of
purchasing copies at the reduced price of 1s, 6d. net. (Is. 8d. post free).
No. 140. “SOME NON-METALLIC SUBSTANCES AND THEIR CHARACTERISTICS."—Capt. N. F. CAvE-BROWNE-CAVE, B.Sc.,, A.M.LE.E. 1931,
tNo. 146. “LAYING ARMOURED CABLE BY MEANS OF A MOLE-DRAINER."—L. G. SempLE, B.Sc.(Eng.), and R. O. Boocock, B.Sc.(Eng.). 1932,
No. 148. *“STORES SPECIFICATIONS AND ACCEPTANCE TESTING."”—Capt. J. LecG, B.Sc., A.M.I.LE.E. 1933,
#No. 166. "CHEMISTRY AND COMMUNICATIONS.”—D. W. GLOVER, M .SC., A.L.C. 1937,
tNo. 169. *“CROSSTALK.'—H. C. S. Hayes, A.M.LE.E,, R. A. SEYMOUR and P. R. Brav, M.Sc.(Eng.), Graduate .I.E.E. 1938.
No. 173. “AUDIO-FREQUENCY RIPPLE FROM D.C. POWER SUPPLIES IN COMMUNICATION ENGINEERING.”—H. R. HarsotTLE, D.Sc,,
D.F.H., M\LE.E,, J. A. SHEPPARD, B.SC., AAM.LLE.E,, and D. L. RicHARDS, B.Sc. 1939.
No. 174, “METALLURGY AND COMMUNICATIONS.”—E. V. WALKER, B.Sc., A.R.S.M. 1940.
No. 177, “Rl.’l'E{C];:Ng sAPl;lé.}(IZATIONS OF THE QUARTZ AND X-RAY SPECTROGRAPHS TO POST OFFICE PROBLEMS."—R. TAYLOR, M.A.,
.D., B.Sc .
No. 179. "INTRODUCTION OF U.A.X. MULTI-METERING IN THE LEEDS AREA.”—H. G. Cops. 1941,
tNo. 182, “LONDON INLAND TRUNK SERVICES.”—W. H. SCARBOROUGH, A.M.L.LE.E. 1943.
¥No. 187. "CABLING PROBLEMS IN SUBWAYS AND TUNNELS."—T. G. TurLEY, A.M.I.E.E. 1945,
$No. 191. “PII&ZGO-ELECTRIC QUARTZ AND ITS USE IN TELECOMMUNICATIONS.”—C. F. BoorH, M.LLE.E,, and J. L. CREIGHTON, A.M.L.E.E.
tNo. 193. “IMPROVEMENTS IN TELEPHONE SIGNALLING.”"—S. WeLcH, M.Sc.(Eng.). AM.LE.EE., and C. H. J. FLeerwoop, A.M.LE.E. 1949.
tNo. 196. “WIRE BROADCASTING.”—F. HoLuNGnurst, B.Sc.(Eng.). A.C.G.F.C., M.LE.E., and W. PrackerT, A.M.L.LE.E. 1949,
tNo. 197, "THE POSSIBILITIES OF SUPER-HIGH FREQUENCY RADIO AND WAVEGUIDE SYSTEMS FOR TELECOMMUNICATIONS.”
. J. BRAY, M.Sc.(Eng.), A.C.G.I.,, D.I.C., A.M.LE.E. 1948.
No. 198. "INTRODUCTION AND APPLICATION OF TRANSMISSION PERFORMANCE RATINGS TO SUBSCRIBERS' NETWORKS." "'—
G. A. E. Fupgg, A.M.LLE.E. 1949.
tNo. 199. *“SOME APPLICATIONS OF ELECTRONIC METHODS TO TELEGRAPH APPARATUS.”—R. O. CARTER, M.Sc.(Eng.), A.M.LE.E.,
and L. K. WHeELER, B.Sc.(Eng.), A.M.L.LE.E. 1949,
tNo. 200. “TRENDS IN THE DESIGN OF LINE TRANSMISSION EQUIPMENT."—R. J. HaLsev. B.Sc.(Eng.), A.C.G.I., D.I.C., M.LE.E. 1949°
tNo.201. “TRUNK MECHANISATION."—A. I. THoMPSON and J. H. BROADHURST, AM.ILE.E. 1951.
No. 202. “THE COLD-CATHODE TUBE IN TELEPHONE SWITCHING CIRCUITS."”—J. A. LAWRENCE, A.M.LE.E. 1952,
tNo. 203. “SUBSCRIBER TRUNK DIALLING IN THE UNITED KINGDOM."—D. A. BARRON, M.Sc.,, M.LE.E. 1952.
t No. 204. “A.l(;.sglGNALLlNG—A REVIEW OF CURRENT PROBLEMS.” —B. R. HorsrisL.p, A.M.LE.E,, and D. C. Smrn, B.Sc(Eng.), A.M.LLE.E.
tNo. 205. "COAXIAL CABLES--SOME PRACTICAL ASPECTS OF THEIR DESIGN AND MAINTENANCE."—G. E. RosstTer, A.M.LE.E. 1953.
tNo. 206. “THE INFLUENCE OF SIGNAL IMITATION ON THE DESIGN OF VOICE FREQUENCY SIGNALLING SYSTEMS."—S. WeLcit,
M.Sc.(Eng.), A.M.LE.E. 1953.
$No.207. “TELEX SERVICE.”—R. N. RenrOoN, A.M.ILE.E. 1954,
% The Council have awarded Institution Medals for these papers.
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