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The Council has pleasure in presenting the 29th Annual Report of the Institution which
reviews the proceedings for the 1welve months ended 31st March, 1955. The Annual General
Meeting will be held on Wednesday, October 26th, 1955, ar the London School of H 'ygiene
and Tropical Medicine, Keppel Street, Gower Street, London, W.C.1.

INTRODUCTION

Conventions are becoming an accepted part of the activities of most professional institutions,
and the 1954 Convention at Oxford was the most important of the Institution’s meetings which
took place during the year under review.

Each of the Institution’s post-war Conventions has been divided into sessions which generally
reflect the specialized activities of members. One of the most difficult problems in planning a
Convention is to decide upon a theme which will cover a range of subjects to suit the wide interests
of all members, and the arrangements of the 1954 Convention gained much approval and support.
It seems certain that most members prefer Conventions to be based on one of the universities.

Outside such activities were the equally important, but perhaps not so well known, problems
which confronted the standing committees. The work done in recent years by the Education
Committee in redrafting the syllabus of the Institution’s Graduateship Examination formed the
basis for further attempts by the Professional Purposes Committee to obtain agreement from
outside bodies on acceptance of the Institution’s examination as a recognized qualification.
Efforts were also made to secure wider understanding of the Institution’s purpose in holding the
examination; nothing has happened in the last twelve months to alter the opinion expressed by
Council in the introduction to the last annual report, namely, that continued development in
scientific and technical fields inevitably demands specialization if the necessary man-power is to be
found to cope with the needs of industry.

Particular reference must also be made to the increasing usefulness of the work of the Technical
Committee. By publishing specialized reports, the Committee has endeavoured to achieve the
twofold purpose of supporting the work of such bodies as the British Standards Institution,
whilst at the same time preparing the necessary groundwork for common discussion by all who
are interested in the work of the professional radio engineer.

Other standing committees have also made a notable contribution in not only maintaining, but
in extending the influence of the Institution’s work. The local committees overseas particularly
have done much toward ensuring that their work upholds, and indeed enhances, the status and
tradition which is enjoyed by the Institution.

A further commitment of the Institution is the nomination of members to serve on outside
advisory bodies and similar organizations; the Council welcomes these further opportunities to
be of service to the profession.

All this work would be impossible of achievement were it not for those engineers who so
freely and voluntarily give their services to the Institution. During the year the Council and
Committees held 51 meetings and the President and Officers renew with great warmth their
thanks to those who have served.
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PROFESSIONAL PURPOSES COMMITTEE

In the last Annual Report the Committee
expressed the view that the attendance at the
1954 Convention would show whether there
would be sufficient support for the formation
of a specialized group of the Institution devoted
entirely to securing papers and arranging
meetings on Industrial Electronics.

Some members have, however, suggested
that, as the Institution’s activities cover the
whole field of radio and electronic engineering,
the setting up of a specialized group may tend to
give undue prominence to only one section.
Others feel that there is also need for specialized
groups in the subjects of television and
communications. Such an extension of the
Institution’s activities will inevitably demand
more staff work and the services of members
prepared to serve on the various Committees.

The Committee is still examining the whole
question of setting up specialized groups or
sections and is to give a further report to
Council during the next few months,

External relationship.—Elsewhere in this
report reference is made to the continuing
representation of the Institution on various
bodies. In this way, the Council has imple-
mented the policy stated in nearly every Annual
Report that it wishes to co-operate with any
organization whose activities directly or
indirectly affect the work of the Institution and
the status of the professional radio and
electronics engineer.

The Committee wishes to record appreciation
for the way in which successive Presidents and
other Officers of the Institution have worked
towards the principle of securing professional
unity among engineers. It is regretted that these
efforts have not secured the desired result in
regard to the work of the Advisory Committee
appointed by the Minister of Labour and
National Service on the operation of the
Technical and Scientific Register.

Whereas the Civil and Mechanical Engineer-
ing Sections of the Technical and Scientific
Register operate under the guidance of Advisory
Committees representing three or more bodies,
the interests of the radio and electronics
engineer are the concern of an Advisory
Committee comprising representatives of only
one Institution.

As stated in the report of the Education
Committee, the need to provide more facilities

430

for the training of radio engineers is recognized
by the fact that a greater number of technical
colleges have started courses to cover the
requirements of the Institution’s Graduateship
Examination, or alternative examinations. This
development encourages the view that the
Council should continue negotiations with the
Minister of Labour.

Safeguarding membership. — Under this
heading in the last Annual Report reference was
made to the Council’s intention to institute legal
action to restrain unauthorized persons from
describing themselves as members of the
Institution. In one case it was necessary to take
such action and the case was heard in the
Queen’s Bench Division of the High Court of
Justice. In consequence, an injunction was
granted to restrain the defendant from
describing himself as a member of the
Institution or from using any colourable
imitation which might lead to the impression
that he was a member of the Institution.

It is hoped that any member who learns of
an unauthorized person describing himself as
a member of the Institution will advise the
Secretary so that similar action may be taken.

Coat of Arms.—During the year the Council
petitioned the College of Arms for the Grant
of Armorial Bearings and Supporters to be
borne and used by the Institution. The Council
wishes to record thanks for the subsequent help
given by Mr. Anthony R. Wagner, C.V.O., the
Richmond Herald, in the design of an
appropriate Coat of Arms.

The Institution overseas.—In an endeavour
to secure for members overseas the same
advantages as are enjoyed by members in Great
Britain, the Council re-examined the operation
of local Sections in the Commonwealth. At
various centres in India, Pakistan, South Africa
and New Zealand regular meetings of members
are held and during the year the Committee and
the Council have had the advantage of meeting
several members who take a prominent part in
overseas activities,

The emigration of members to Canada has
raised the problem of acceptance of the Institu-
tion’s membership by the Association of Profes-
sional Engineers of Canada. Registration with
the Association is compulsory for practising
professional engineers in Canada. The main
difficulty has been the insistence of the Associa-
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tion that all registered engineers should have
passed a suitable examination in Chemistry.
Engineering Economics, Specifications. Ethics,
Fluid Mechanics. and Strength of Materials.

The Council expresses appreciation for the
services given by Mr. L. H. Paddle (Vice-
President) who is resident in Canada and in
direct negotiation with the Association on
behalf of the General Council.

The Association does not operate a separate
section or activities for radio and electronics
engineers, but it is hoped that the present
negotiations may be a further step toward
securing co-operation with them on metters
affecting the professional radio engineer.

Secial activities.—Last year the Committee
reported that it had under consideration a
proposal that the Institution might hold a Ball
in aid of its Benevolent Fund. Tt is felt,
however, that the number of similar functions
held within the industry would not justify a
further addition to the social calendar. More-
over, as stated under the report of the Trustees
of the Benevolent Fund, financial support for
the Institution’s Benevolent Fund is now

received from both the Radio Industries Club of
London, and of Manchester.

The Institution will, however, continue to
hold occasional social functions to mark specific
occasions, such as Conventions, etc. In this
latter connection, the Committee has already
discussed plans for the holding of a Convention
during 1956 which, apart from its technical
value, will also provide a further opportunity
of social contact between members.

MEMBERSHIP COMMITTEE

A comparison with the statement published
in the last Annual Report will show that whilst
direct elections to the various grades of member-
ship were a little below the 1953-54 figure, the
number of transfers to higher grades of mem-
bership increased considerably. This last point
is a particularly pleasing feature in view of the
opinion of the Committee, expressed in the last
report, that a number of members appeared not
to be in their appropriate grades.

The table which follows gives an analysis of
the increase in elections and transfers, as well as
the loss which has occurred in the membership.

Table 1
Statement of Elections and Transfers for the Year Ended March 31st, 1955
Elections and transfers approved
Total e
considered  pomber ﬁg‘;ﬂ;‘r@ pCa(r)lli]:;n Associate | Graduate = Student Total
Direct elections 703 7 43 3 53 58 497 661
Proposals for 5 . o
transfer e 6 s 30 81 192
Proposals for _ —
reinstatement & I . 6 9
Totals 970 13 119 3 85 139 503 862
Losses During the Year
Loss by resignation. removal 3 23 2 16 16 253 338
and decease =
Loss by transfer to other grades — 6 = 27 41 118 192
Totals 8 29 2 63 57 371 530
Net gain in membership 5 90 1 22 82 132 332
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It will be noted that the increase in this last
figure is almost entirely due to the larger
number of Students who had to relinquish
their association with the Institution through
inability to complete the Graduateship Examina-
tion requirements within the stipulated five
years. The loss incurred in the higher grades of
membership is again very small and is lower
than the corresponding figure for the previous
year. Apart from the loss caused by the death
of 18 members, the bulk of the loss from higher
grades was mainly due to the Institution’s
inability to contact members. and the Commit-
tee takes this opportunity of reminding all
members that it is most important to keep the
Institution informed of their whereabouts.

Table 2 gives the growth of membership over
the last five years; although this shows a reduc-
tion in the net annual increase, due to the loss
of Students and the smaller number of direct
elections. the Committee is pleased to report
that the total membership now exceeds 5,000.

Table 2
Membership Growth over the Last Five Years
As at Total Annual Enquiries
March 31st Membership Increase Received
1951 3.634 285 ... 1,866
1952 4,018 384 ... 1,703
1953 4,383 365 ... 1,964
1954 4,750 367 ... L711
1955 5.082 332 ... 1,813

Enquiries.—Enquiries regarding membership
totalled 1,813. which is a slight increase on the
previous year’s figure. This number only repre-
sents enquiries handled by head office and
excludes those dealt with by the local Section
Secretaries. Thanks are expressed to the
Honorary Secretaries for their considerable help
in disseminating information to prospective
members.

Honours conferred on Members.—Details of
members who had the distinction of being
included in Her Majesty’s Birthday and New
Year’s Honours Lists were published in the
Journal, and those members have already been
congratulated by Council. It is with regret that
the Committee reports that Sqdn. Ldr. R. H.
Stephenson. who was awarded an O.B.E., has
since been killed in a flying accident.

432

Index of Members’ Activities.—The compila-
tion of an index covering the activities of cor-
porate members in the United Kingdom was
completed during the year. A little under 90 per
cent. of the members responded to the Institu-
tion’s circular. The index has proved to be
most valuable to the Committee, and has shown
that corporate members are engaged in every
company in the industry and in the appropriate
Government departments, as well as in the
application of electronics to many other indus-
tries. It has also proved useful to the Institution
in other ways, particularly to the Papers Com-
mittee which has now built up a substantial
register of qualified readers in specialist
subjects.

Appointments Register.—The severe shortage
of qualified and experienced radio and elec-
tronics engineers has continued unabated. and
this has been reflected to a large extent in the
work of the Appointments Register, which dealt
with a smaller number of requests from mem-
bers requiring alternative employment. Never-
theless, 217 introductions were made which
compares with 151 for the preceding year.

Enquiries were also received from a number
of organisations overseas. in particular from
Canada and America, and several members of
the Institution emigrated to those countries
during the past twelve months.

Apart from the normal employment service, a
number of organisations approached the Institu-
tion for assistance in the appointment of
engineers to senior positions. and the engage-
ment of engineers in a consulting capacity.

EDUCATION AND EXAMINATIONS
COMMITTEE

Twelve meetings of the Committee were held
during the year. Professor E. E. Zepler, who
had held the office of Chairman for seven years,
retired from the Committee, and has been
succeeded by Mr. E. W. Pulsford. B.Sc.
(Associate Member). The Committee wishes to
place on record its appreciation of the advice
and guidance given by Professor Zepler during
his nine years’ service.

Graduateship Examination.—One of the most

important duties of the Committee is to advise
Council on the maintenance of the examination
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standards of the Institution. The Committee
has been particularly concerned with the
revision of the examination syllabus, which has
added considerably to its normal work.

Examination Entries. The Committee is
pleased to report a continued increase in the
number of entries accepted for the Graduateship
Examination. 1,198 candidates entered for the
May and November Graduateship Examina-
tions, compared with 1.149 in 1953. 321 candi-
dates passed part of the examination and 81
completed the examination requirements there-
by becoming eligible for election or transfer to
Graduate or higher grade membership. This is
a slight improvement on previous years,
although the overall results are still generally
disappointing.

An analysis of results shows that Advanced
Radio Engineering remains the most difficult
subject. In the 1954 examinations only 15.4 per
cent. of the candidates succeeded in this part of
the examination.

Exemptions.—Members will be aware that a
list of degrees or alternative examination quali-
fications recognised for the purpose of exemp-
tion is given in the Institution’s Membership
Regulations. Most applications for exemption
may therefore be dealt with by the secretariat,
but where an application is made on grounds
other than those listed in the regulations, the
Committee considers each case. During the year
there were 137 such applications. and only 27
were successful in securing full exemption;
another 93 candidates were granted partial
exemption, mainly from the first sections of the
examination.

The Committee is constantly revising the list
of exempting qualifications, and further
revisions will be necessary in view of the altera-
tions to the examination scheme which come
into effect as from November 1956. A list of
qualifications giving exemption under the
revised scheme will be published in the Journal
during 1955.

Theses.,.—The Committee considered eight
theses which were submitted in lieu of the
Graduateship Examination. Only two of these
were found to be acceptable and the Committee
again stresses the point made in the last Annual
Report, that the submission of a thesis is by no

means an easy method of entry into the Institu-
tion. An acceptable thesis must either be the
result of original work or a scientific criticism
of current practice; a review is not sufficient.

Examiners. - The Council expresses sincere
thanks to the following members of the Institu-
tion who have assisted as examiners during the
year:

F. Butler, B.Sc. (Member) J. R. Miller (Associate

Sqdn. Ldr. M. E. Claxton, Member)
B.Sc., M.Ed. (Member) W. T. Perkins (Associate
D. A. Crowther, B.Sc. Member)

(Associate Member)
D. Fotheringham, B.Sc.
(Associate Member)

E. T. A.Rapson,
M.Sc.(Eng.) (Member)
W. P. Rowley, M.B.E.

S. Kelly (Member) (Member)
K. G. Lockyer, B.Sc. H. Stibbe (Associate
(Associate Member) Member)

P. O. Wymer. B.Sc. (Associate Member)

The Council appreciates the heavy burden
thrown upon examiners consequent upon the
continued increase in examination entries and
it is hoped that new arrangements for the mark-
ing of scripts will offer some relief to the
assessors and facilitate the earlier publication of
results.

Examination Centres. —-Economic reasons
dictate that new centres cannot be set up unless
there is an adequate number of candidates.
During the year, some reduction was made in
the number of examination centres, without
causing hardship to any candidate. 65 centres
were used for the May and November examina-
tions, and the Council expresses thanks to the
universities, technical colleges and Service
establishments concerned for the facilities
provided.

Prizes.— Council has approved the award of
prizes for the May and November examinations
as follows: —

PRESIDENT’S PRIZE ... Patrick Joseph Murray.

ELECTRONIC MEASUREMENTS PRIZE ...

Alfred Dixon Brown.

It is a characteristic of recent examinations
that fewer candidates have attempted to pass
the entire examination at one sitting, and fewer
still have succeeded. It is for this reason that
the S. R. Walker Prize and the Mountbatten
Medal have been withheld. In the case of the
Audio Frequency Engineering Prize, no candi-
dates were successful in this optional subject.
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From November 1956. the terms of reference
of those Prizes which require the passing of the
entire examination at one sitting will have to be
revised to meet the new condition requiring
candidates to complete the examination in a
minimum of two sittings.

New Examination Scheme.—As announced in
the last Annual Report, certain alterations in
the structure of the examination will come into
effect as from November 1956. Candidates will
be required to write two three-hour papers on
Physics instead of one as at present, and two
new optional subjects. Applied Electronics, and
Radar Engineering and Microwave Techniques.
have been introduced. The examination will
comprise two parts as follows:—

Section A Section B
1. Physics (2 papers) 3. Mathematics
2. Principles of Radio 4. Advanced Radio and
Engineering Electronic Engineering
3. Mathematics S. Optional Subject

(Mathematics may be taken in either Section)

Candidates who have passed or obtained
exemption from equivalent papers under the
present examination scheme will be credited
with this success under the new scheme.

Candidates will be required to complete
Section A before taking Section B, and in this
way the Committee hopes to obtain improved
results in Advanced Radio and Electronic
Engineering, and the optional subjects. At
present, candidates tend to take these papers
before they have succeeded in the Principles of
Radio Engineering paper.

The Committee realises that by insisting upon
the completion of Section A before taking Sec-
tion B delay will be caused to some candidates
in completing the examination requirements. It
must be remembered, however, that the exami-
nation represents the result of three years’ full-
time study, and candidates giving adequate
preparation to the subjects should experience no
hardship.

Courses of study.—The number of courses of
study in the United Kingdom designed speci-
fically to cover the Graduateship Examination
requirements, the City and Guilds of London
Institute Full Technological Certificate, or a
Higher National Certificate with radio or elec-
tronics subjects. has continued to increase.
Courses are now available at 61 colleges, and a
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list is published on page (xvi) of this Journal.
Present results are not wholly satisfactory, but
it may be too early to judge the efficacy of the
new courses. bearing in mind that the require-
ments of the Graduateship Examination neces-
sitate a three years’ full-time course.

Most of the courses are restricted to a small
area of the country. mainly London. and in
general are still not adequate to serve the needs
of the entire industry.

In ‘the Commonwealth and overseas, there
also appears to be a gradual increase in the
availability of suitable courses at both univer-
sities and technical colleges. As evidenced by
the examination results, however, the standard
is still below that provided in the United
Kingdom.

It is difficult to assess in advance the probable
usefulness to the radio industry of the proposed
Royal Colleges of Technology. The original
proposals of the Committee on Higher Techno-
logical Education will not. it appears. be imple-
mented in full and the Minister of Education is
proposing to concentrate on the development of
three colleges, the Royal Technical College,
Glasgow, the Manchester College of Technology
and the Imperial College of Science and Tech-
nology. The Minister’s final proposals on this
subject, which are due during the next session of
Parliament. are awaited, but it would appear
that the Minister will follow the advice of the
National Advisory Council to encourage these
Colleges to provide primarily practical courses
of technology,

Applications for the Institution’s approval of
courses have increased and the Higher National
Certificate course with Radio Engineering and
Radio Measurements conducted by the Croydon
Polytechnic now secures complete exemption
from the Graduateship Examination, provided
credits are obtained in all subjects. The
Associateship Examination of the Royal
Technical College, Glasgow, ‘has also been
approved for full exemption.

Other courses which have been considered for
partial exemption have been the Higher
National Certificate courses of the Wimbledon.
Enfield and Twickenham Technical Colleges.

In dealing with the Higher National Certifi-
cate courses, the Committee has required the
course to include three radio or electronic sub-
jects in the Al and A2 years, out of a total of
six subjects, two of which are mathematics.

September 1955



29th ANNUAL REPORT OF THE COUNCIL

Where such courses have been approved, credits
are required in all subjects. In the case of
courses which have not been approved for full
exemption and where exemption from all except
the optional subject is granted, the candidate
can secure exemption from this paper by
obtaining an endorsement in a suitable radio or
electronics subject.

In considering courses of study and examina-
tions for exemption purposes, the Committee
has noted a considerable variation in the pass
marks. It is not always a fair indication of the
standard of the examination to know the pass
mark, without at the same time bearing in mind
the standard of the question paper and method
of assessment.

Recruitment.—The efforts of the Institution
and many other organisations to secure an
increase in the number of boys entering the
industry as apprentices have met with some
measure of success. The situation has now
arisen where there is a shortage of places for
student apprentices in the industry, i.e. appren-
tices who attend either technical colleges on
part-time day release or sandwich courses in
preparation for professional qualifications. The
editorial in the March 1955 Journal referred to
the importance of all sections of the industry
playing their part in training engineers by pro-
moting training schemes. particularly for the
student apprentice. At present, the training of
student apprentices is concentrated in a
relatively small number of large firms who
obviously cannot hope to provide engineers for
the entire industry.

Representation on outside Committees.—The
Institution continues to be represented on the
Advisory Committees of the City and Guilds of
London Institute for Telecommunications
Engineering. Radio Service Work and the Radio
Amateurs Examination. Council expresses
grateful thanks to the Institution’s representa-
tives, Professor E. E. Zepler, G. Taylor and
R. G. Holmes respectively.

Collaboration with the Radio Trades Exami-
nation Board.—For the first time, the Board’s
work was represented on the Technical Training
Stand of the Radio Industry Council at the 1954
National Radio Show. As a result, over five
hundred applications were received for more
detailed information of the work of the Board.

apart from the considerable amount of literature
distributed at the Exhibition. This interest will
undoubtedly be reflected in the future work of
the Board and it is hoped that the display will
have encouraged many existing and prospective
service engineers to obtain the Radio and Tele-
vision Servicing Certificates.

The Board has approved an alteration to the
regulations governing entry to the Radio
Servicing Certificate Examination. Entries are
now accepted from candidates with a minimum
of three years’ full-time gainful experience in
commercial radio service work or, alternatively,
one year’s gainful experience, together with the
completion of an approved course of training.
The minimum age has also been reduced to
eighteen years.

In the retail and wholesale trade. there has
been a considerable extension of the apprentice-
ship scheme which has been operating under the
auspices of the Radio and Television Retailers’
Association since the autumn of 1952. Under
this scheme, there is a full five-year indentured
apprenticeship with part-time day release for
attendance at a technical college for the full five
years, the candidate completing his Radio
Servicing Certificate after three years and his
Television Servicing Certificate after five years.

Here again, the full effect of these schemes
has not yet been experienced by the Board but
it is certainly an interesting fact that the entries
for the 1955 Radio Servicing Certificate Exami-
nation, which does not come within the scope
of this Report. show an increase of 48 per cent.
over the 1954 figure, the largest increase in any
year since the Board’s inception.

It is obvious that the need for the Board is
now fully accepted by all those concerned in the
training and employment of service engineers
and it is hoped that in the not too distant future
possession of the Radio and Television Servicing
Certificates will be an essential qualification for
those engaged in the maintenance of domestic
radio and television receivers.

378 entries were received for the Radio
Servicing Examination in 1954, 144 candidates
were successful and 96 were referred in the
practical test. These figures compare with 323
entries in 1953, of which 123 passed and 87 were
referred.

For the first time, entries for the Television
Servicing Certificate Examination were below
those for previous years. Only 107 candidates
entered, 55 of whom were successful. and 20
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referred in the practical test. These figures
compare with 140 entries in 1953, of which 64
passed and 36 were referred.

Entry to the Television Servicing Certificate
Examination is confined to those who have suc-
ceeded in the Radio Servicing Certificate
Examination. Consequently, entries for the
examination will not exceed the number of
candidates successful in the Radio Servicing
Certificate Examination. There will also be a
wastage of students who do not proceed to the
Television Examination. During the past three
years the number of candidates succeeding in
the Radio Servicing Certificate Examination has
averaged 140, and this is the maximum number
which can be expected to enter for the Tele-
vision Examination.

The Radio Servicing Examination was con-
ducted at 25 centres and 7 centres were used
for the Television Servicing Examination.
Thanks are expressed for the facilities provided
by the technical colleges and to the examiners.
In addition to the Institution’s representation on
the Board as well as the Examinations Commit-
tee, other members of the Institution have acted
as examiners.

The Board’s work would be equally impos-
sible without the co-operation of those manu-
facturers who provide the receivers necessary
for the practical tests. and their assistance in
this matter is much appreciated.

The Council of the Institution has supported
the Incorporation of the Board under the Com-
panies’ Act. Official Incorporation will be
completed during the next twelve months and
whilst this is a useful step in stabilising the
future work of the Board. the Council is con-
scious of the need to contribute still further to
the subsidy which the Board must receive from
its constituent associations, which are the Radio
Industry Council., Radio and Television
Retailers’ Association, Scottish Radio Retailers’
Association, and the British Institution of Radio
Engineers.

PROGRAMME AND PAPERS
COMMITTEE

In addition to the normal meetings of the
Committece which were held for the review of
papers and arrangement of meetings, a sub-
committee held joint meetings with the
Technical Commiittee to deal solely with the
papers submitted for the Industrial Electronics
Convention.
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Consideration of papers.—The Committee
considered 88 papers for publication in the
Journal. The proportion of papers accepted
for publication without the necessity for
extensive revision was 48 per cent., compared
with 56 per cent. for the previous year. Papers
rejected as being totally unsuitable for publica-
tion totalled 21, and the remaining papers
required detailed revision. In addition, the
Committee reviewed a number of papers
published in the journals of other bodies with
which the Institution has an agreement for
reprinting, and recommended that four of these
were likely to be of interest to members.

The sub-committee considered 56 papers for
the Oxford Convention, 20 of which had to be
refused, mainly due to the subjects being either
outside the theme of the Convention, or a
repetition of papers already accepted for
inclusion in the programme. Thirty-six papers
were finally selected for presentation at the
Convention,

The Committee used a large panel of experts
to assist in the arduous task of assessing
papers and it is appropriate here to thank those
referees for their services. In connection with
the Convention papers, reports were completed
in good time to permit preprints to be available
at the Convention.

The Committee and referees continue to be
of service in advising authors on the proper
presentation of their manuscripts. A fault
which frequently occurs is the tendency of
inexperienced authors to assume either that the
potential reader knows all about the back-
ground of the subject or, alternatively, that he
knows nothing and hence must receive instruc-
tion in the basic principles of radio engineering!
Achieving the correct balance is not easy but,
in general, authors have been most co-operative,

In order to give maximum help to authors
the Committee is revising the existing leaflet
giving guidance to authors of Journal papers.
These notes were originally published nearly 10
years ago, since when, of course, the scope of
the Journal has widened considerably and
changes have been made in the format and
mode of presentation of papers. The proposed
new publication, which it is hoped will be
completed during the coming year, will give
advice to prospective authors on the
“mechanics” of writing a technical paper,
including such points as preparation of illustra-

.
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tions, the writing of the summary, oral
presentation, etc.

The Committee continues to be concerned
about the number of papers submitted. Taking
into account Convention papers, the papers
read before Sections, and those submitted for
publication only, less than 100 manuscripts
have been received during the year. The
Committee again urges all members to submit
contributions and to invite their colleagues to
write papers for the Institution.

One type of paper which does not appear to
receive sufficient attention is that giving an
account of engineering development. The value
of the engineering development paper was
stressed in an editorial article in a recent issue
of the Journal (April 1955). With the ever
widening extent of radio and electronics
applications the engineer needs to learn more
of advances which, although outside his own
field, may well have a valuable bearing upon it.
Papers describing new developments or
applications are, therefore, very useful.

There are also two other general types of
paper which do not require a great deal of
preparation, but which can make a valuable
contribution to the professional journal.

Firstly, where a project is not completed, an
interim' report may be of interest and would
come under the category of a short contribution.
Secondly, it frequently happens that a particular
problem has arisen, which has been solved for
the case in hand, and which would be of
sufficient value to form a short “‘research note.”
Both types of contribution need only amount
to one or two thousand words.

A third suggestion is comment on papers
already published—similar to “Letters to the
Editor” sections in many commercial technical
publications. Even though this mode of
presentation is not strictly appropriate for a
professional journal, members should regard it
as a means of recording opinions and progress.

Local Sections.—Opportunity was taken
during the 1954 Convention to hold a meeting
of the Local Section representatives and the
Programme and Papers Committee. Views
were exchanged on matters of mutual interest,
particularly with reference to increasing the
number of Local Section papers submitted for
publication in the Journal.

During the 1954-55 session, S| meetings
were held by Sections in the United Kingdom.

The 10 meetings held in London attracted an
average attendance of 120 but attendance at
Local Section meetings averaged 35,

Overseas Sections ‘have maintained the
achievement of 1953-54; indeed there were over
40 meetings of the Institut‘on abroad during the
twelve months under review. Nevertheless the
principal difficulty of overseas sections is the
limited nature of their programmes. Attendance
at meetings was well maintained and in some
sections, notably Madras and Bangalore,
considerably increased.

Co-operation with the LR.E. Australia.—
Members will recall that in alternate years the
Brit.I.R.E. and the Institute of Radio Engineers
Inc., New York, select the most outstanding
paper published in the Proceedings of the
Australian Institution to receive the Norman
Hayes Memorial Medal awarded by the
Australian I.R.E.

The Brit. LR.E. was asked to adjudicate
this year and the paper selected as most
deserving of the award for 1954 was that by
Messrs. W. S. McGuire and A, G. Bird entitled
“Experimental Radio Bearer Equipment for
Carrier Teclephone Systems.” The friendly
relations which exist between the Brit..LR.E
and the Aust.l.R.E. include an arrangement for
reprinting papers from the journals of each
body and this paper was reprinted in the April
1954 issue of the Brit.l.R.E. Journal.

The Jourzral.—Volume X1V of the Institu-
tion’s Journal was larger than any preceding
volume, containing 652 pages. It is felt that
for ease of handling and reference. considera-
tion must now be given to either increasing the
page size of the Journal or, alternatively, to
dividing the year's issues into two parts.

Publication of the Convention papers gave
emphasis in some issues of the Jowrnal to
Industrial Electronics, but over the year a
reasonable balance was achieved by publication
of a wide variety of papers on communications,
television, etc. The techniques employed in
industrial electronics are very diverse and most
are derived directly, of course, from methods
used by the radio and communications engineer.

Most of the Convention papers were
published in the 1954 volume and the remainder
will be contained in the first half of the 1955
volume. Taken as a group these issues of the
Journal represent an extremely valuable
symposium of the current state of the applica-
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tion of electronics to a wide range of industries,

Notes on scientific and engineering items
likely to be of general interest to members have
continued to be a feature of the Journal
contents, in addition to the usual publication of
Institution notices, lists of new elections,
examination results, etc.

The Audit Bureau of Circulation’s latest
certificate for the period ending December 1954
shows that the circulation of the Journal was
5,745, an increase of 513 over the figure for
December 1953. A still further increase is
shown for the period January-June 1955.

Requests for back numbers of the Jowurnal
are continually received from the libraries of
industrial  organizations, universities, and
government departments. thus demonstrating
the reference value of these proceedings. Many
recent papers are now unfortunately out of print
as it is impossible adequately to forecast the
demand for individual issues.

The growing circulation of the Journal
obviously has a bearing on its attraction as an
advertising medium and it is gratifying to record
an increase in the number of advertisers. The
general standard of technical advertising in
Great Britain is of a high level and the Council
welcomes the inclusion of really informative
announcements which it is felt are in the best
interests of both members and advertisers.

As mentioned in the report of the Finance
Committee, rising costs in the printing industry
have had a severe restraining influence on
publishing a larger Journal, as well as limiting
the stock of copies in excess of immediate
needs. Strict watch had been maintained on
printing and paper costs, but the new arrange-
ments for printing the Journal as from 1955
should curb the steep rise in costs.

Abstracts of papers.—Mention was made in
the last Annual Report of the inclusion in the
December 1953 Journal of abstracts of all
papers published in the Journal from 1939 to
1953. These abstracts have now been reprinted
as a separate booklet and include the papers
which appeared during 1954, together with
those papers read at the Convention. This
booklet was extremely well received in the
profession and in industry. Forming as it does
a complete record of Institution papers on a
wide range of subjects, it is of unique value to
the practising engineer as well as to the
prospective author,
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Year Book.—The sixth issue of the Institu-
tion’s List of Members was published early in
1955 and, as already stated, contains the names
of all corporate members as well as Com-
panions, Associates and Graduates. Copies
have been sent to all members.

In addition to the lists of committee members
and the Memorandum and Articles of Associa-
tion, a particularly useful feature is a complete
table of the Premiums and Prizes awarded since
1940.

Premiums.—Council is pleased to announce
the names of recipients of Institution Premiums
for papers published in the Journal during 1954,
and offers congratulations to the respective
authors as follows: —

THE CLERK MAXWELL PREMIUM: F. N. H.
Robinson, “Microwave Shot Noise in
Electron Beams and the Minimum Noise
Factor of Travelling Wave Tubes and
Klystrons.”

THE HEINRICH HERTZ PREMIUM: Dr. T. B.
Tomlinson (Associate Member), “Partition
Components of Flicker Noise.”

THE LOUIS STERLING PREMIUM: L. H. Bedford
(Member), “Problems of Television Cameras
and Camera Tubes.”

THE SIR J. C. BOSE PREMIUM : S. Deb, “Decay of
Emission from an Oxide-Coated Cathode due
to Adsorption of Matter Liberated from the
Anode.”

THE BRABAZON PREMIUM: J. W. Jenkins, J. H.
Evans (Associate Member), G. A. Wallace
and D. Chambers, “A High Definition
General-Purpose Radar.”

THE MARCONI PREMIUM: W. T, Brown (Associate
Member), “Some Factors in the Engineering
Design of V.H.F. Multi-channel Telephone
Equipment.”

THE LESLIE MCMICHAEL PREMIUM: Dr. G. N.
Patchett (Member), “A Critical Review of
Synchronizing Separators with Particular
Reference to Correct Interlacing.”

STUDENTS PREMIUM: R. W. Walker, “An
Electronic Random Selector.”

The A. F. Bulgin Premium and Norman
Partridge Memorial Award have been withheld
as no papers were considered suitable.

An announcement has already been made that
the terms of award of the Students Premium
h‘uve been reconsidered. As from 1956 a
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Students’ Essay Competition takes the place of
this award. The competition will be open to
Graduates under the age of 23 and to all
Students, and will be on a set subject for each
year. For the first competition the subject
chosen is “Problems of Technical Training.” In
general, the choice of subject will be confined
to topics on which those eligible to enter may
be expected to have reasonable knowledge and
will not necessarily be on a purely technical
theme. Full details are to be announced shortly
in the Journal.

Convention Premiums.—The Council set
aside a sum of money to be awarded to authors
of outstanding papers read during the 1954
Industrial Electronics Convention. The follow-
ing recipients are congratulated on the high
standard achieved by their contributions:
SESSION 1: P. Huggins (Associate Member),

“Statistical Computers as Applied to

Industrial Control.”

SESSION 2: C. W. Miller (Associate Member),
“Industrial Radiography and the Linear
Accelerator.”

SEsSION 3: K. Kandiah and D. W. Chambers,
“Multi-Electrode Counting Tubes.”

SESSION 4: J. L. Thompson (Member), “Wire
Strain-Gauge Transducers for the Measure-
ment of Pressure, Force, Displacement and
Acceleration.”

SESSION 5: M. T. Elvy (Associate Member),
“Electronic Heating and the Woodworking
Industry.”

Ackrowledgments.—The Council wishes to
thank the authorities of the universities, colleges,
etc., who co-operated in providing facilit'es for
the meetings of Sections in Great Britain and
overseas. Particular appreciation is expressed
to the authorities of Christ Church, Oxford,
and of the Clarendon Laboratory, whose
co-operation contributed so much to the success
of the 1954 Convention.

During the year notices of Institution meetings
and reports have been published in many
technical and scientific journals and the
Council thanks the respective Editors for their
collaboration.

In the course of the year, Lt.-Col. J. P. A.
Martindale, B.A., B.Sc. (Associate Member),
was appointed Chairman of the Committee and
Council records appreciation of the services
given by the former Chairman, Mr. G.

Wooldridge, B.Sc.(Hons.) (Associate Member),
who had to resign on receiving an overseas
appointment.

Mr. J. H. Evans (Associate Member), who is
now working in Canada, and Mr. A, J. Tyrrell
(Member) also retired from the Committee.

LIBRARY COMMITTEE

The Institution’s Library continues to provide
useful assistance to members. Special biblio-
graphies have been compiled on such subjects
as Printed Circuits, Frequency Modulation, and
Underwater Detection; references on these and
other specialized subjects have been particularly
requested by the membership.

Records show that during the last four years
there has been over 100 per cent. increase in
the number of books borrowed by members.
The increased reading facilities provided in the
Institution have been welcomed by members,
and as expected, the number of callers, as well
as the number of requests received through the
post show a marked increase in the two or
three months preceding the Graduateship
Examination,

Members who visit the Library will see that
the re-adjustment of office accommodation has
permitted the installation of additional shelving
to facilitate easy access to most of the reference
works and current periodicals. It is regretted
that the existing conditions at 9 Bedford Square
do not permit of any further expansion. More
extensive Library and reading rooms are
necessary, however, and this important feature
is borne in mind by Council when considering
alternative accommodation for the Institution.

Apart. from the requirements of members,
increased enquiries have been received from the
libraries of industrial organizations, public
libraries, and other information organizations in
Great Britain and overseas were dealt with.
The Council welcomes all these opportunities of
serving industry.

Arrangements for the publication of a revised
library catalogue have been discussed with the
Finance Committee and the new issue will be
available during 1956. It is hoped that the new
catalogue will be of value to all members,
particularly to those using the postal service.

Publishers in this country and abroad
supplied new technical books for review in the
Journal prior to their addition to the Library.
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The Committee expresses thanks for the
co-operation thus given by publishers.

Reference has been made to the periodicals
and journals which are available in the Library.
It is believed that the Institution now receives
at least one copy of every radio and electrical
journal published throughout the world. In the
main, these journals are received under an
exchange arrangement with the Brit.I.R.E.
Journal, and thanks are expressed to the
publishing  houses  concerned for their
collaboration.

As reported by the Programme and Papers
Committee  publication of “Abstracts of
J.Brit.I.R.E. Papers 1939-54” has proved most
valuable. As additions to staff and Institution
accommodation permit, work will be continued
on compiling abstracts on specialized topics,
including reference to other technical journals
published at home and overseas.

Gifts.—The Committee expresses thanks to
all members who have presented books and
periodicals to the Library, and particularly
appreciates the continued generosity of Messrs.
A. G. Egginton, L. W. Meyer and G. Wooldridge
(Members). Mrs. W. A. Beatty, widow of a
former Member of the Institution, also donated
several books which were most useful additions
to the Library.

TECHNICAL COMMITTEE

On his election to the General Council, Mr.
F. G. Diver. M.B.E.. (Member). was appointed
Chairman of the Technical Committee, on which
he has served for several years. Council wishes
to express appreciation for the services given by
Mr. E. A. H. Bowsher. the previous Chairman
of the Committee.

Several new members were appointed to the
Committee, which is now representative of
many branches of the industry, the Scientific
Civil Service, and the three Defence Services.

Reports.—The main work of the Committee
was concentrated on the review “Materials used
in Radio and Electronic Engineering”. Two
parts of this review. Aluminium and Aluminium
Alloys and Piezo-Electric Crystals. were pub-
lished in the January 1955 Journal, and both
reports were well received.

The Committee is progressing further sections
of the review, including Ceramics, Plastics.
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Brass and other Non-Ferrous Metals, and
Plating; at least two of these reports should be
completed for publication during 1955.

The various sections of the review were pre-
pared by sub-committees, and valuable assist-
ance was also given by various manufacturers
to ensure the authenticity of the information.
It must be stressed that these reviews are only
intended to provide members with a guide to the
use of primary materials, and the bibliographies
indicate where further information may be
obtained.

Other reports in course of preparation by the
Committee deal with electronic instruments.

Meetings of the Institution.—Reference was
made in the last Annual Report to the part
played by the Technical Committee in the
arrangements for the 1954 Industrial Electronics
Convention. As members are aware, over five
hundred engineers attended the six separate
sessions which were held in Oxford.

The Committee’s co-operation with the Papers
Committee was maintained, particularly in con-
nection with the Convention and the organisa-
tion of the discussion meeting on “Maintaina-
bility of Services’ Equipment”. This meeting
was attended by over three hundred members
and guests who provided a high standard of dis-
cussion. and its success encourages the holding
of further meetings of this type during the
1955-56 session.

The British Standards Institution.—Details
were given in the last Annual Report of mem-
bers of the Institution who serve on the various
technical committees of the Telecommunication
Industry Standards Committee. A further com-
mittee has since been set up, TLE/12—Tran-
sistors, on which the Institution is represented
by Mr. B. R. A. Bettridge (Associate Member).

During the year each member serving on a
B.S.1. Committee attended at least one meeting
of the Institution’s Technical Committee. In this
way the Technical Committee had an oppor-
tunity of commenting on a number of draft
standards and specifications as well as consider-
ing various ways of co-operating with the British
Standards Institution.

Correspondence was also initiated with the
American Institute of Radio Engineers on the
possibility of greater co-operation on radio
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standards and specifications. Both bodies are
represented on their own national organisations,
i.e. the American Standards Association and the
British Standards Institution. who in turn belong
to the International Electro-technical Commis-
sion. The Council feels, however, that closer
co-operation between the two Institutions could
do much to ensure that due note is taken of their
opinions when national standards are being
prepared.

Technical advice.—Apart from the services
rendered to members through the Appointments
Register, the Technical Committee also con-
sidered requests made by individual firms and
local Government authorities for the nomination
of members to give technical advice, e.g. on the
regulations concerning the installation of tele-
vision aerials. Members have also been recom-
mended as technical arbitrators and witnesses in
legal disputes.

FINANCE COMMITTEE

The Income and Expenditure Account and
Balance Sheet for the year ended 31st March,
1955, are published with this report, and show
comparative figures for the preceding year.

Income and Expenditure Account.—Total
revenue from combined sources of usual income
again shows an increase. This is apart from
receipts earmarked for the Building Appeal
which include the first response to the
President’s letter circulated in mid-March.

A regular and satisfactory feature of the
Accounts is the continual increase in subscrip-
tions, due of course to the growing membership.

Compared with the preceding twelve months,
there has been a slight reduction in the rate of
increase in examination, entrance and transfer
fees, although income from these sources is still
higher than for any other previous year.
Examination fees are a little lower because
more candidaes are entering for only part of
the examination at a time; this has been
encouraged by the Education Committee, since
in the past it was felt that too many candidates
have attempted the entire examination without
adequate preparation. The new examination
regulations which come into force in 1956 will
require a candidate to succeed in or obtain
exemption from Section A of the examination
before being permitted to enter for Section B.

Reference to the report of the Membership
Committee will show that there has, in fact,
been an increase in the number of members
securing transfer to a higher grade but a slight
decrease in the number of candidates successful
in securing direct entry to the corporate grades
of membership. The percentage is small, as
evidenced by the increase in the total member-
ship, but it has had a slight effect on revenue
from entrance fees.

The reduction in those items has, howeer,
been compensated for by the continuing
demand for the Institution’s Journal and revenue
from those sales shows a further rise.

The main increase in expenditure has been
in connection with publication of the Journal.
A comparison with previous years will show
that there has always been a natural increase
in this item due to the larger print order and
circulation. Last year additional costs had to
be met because of new wage agreements in the
printing industry coupled with a further rise in
the cost of paper.

Publication of the Journal is one of the more
important Institution activities but without
making any changes which might limit the value
of the proceedings, the Committee constantly
reviews the cost. New arrangements are now
being made for the printing of the Journal, and
these, coupled with further advertising revenue,
should prevent a further sharp increase in this
expenditure. Indeed, if the new arrangements
are successful, the Committee hopes to endorse
the plans which are being made for improving
the size and forma£ of the Journal.

An additional item in printing costs last year
was the List of Members—an essential publica-
tion, since the last issue was compiled in 1951.

Printing and publishing costs, expenditure on
the 1954 Convention, and preliminary expenses
for a Coat of Arms are, therefore, wholly
responsible for the increase in expenditure.

The Committee wishes to comment on the
co-operation afforded by the permanent staff
of the Institution in effecting every reasonable
economy and so keeping administrative expenses
almost to the same level as the preceding year.
There was, in fact, a considerable increase in
the volume of work handled by the administra-
tive staff, and taking into account also the rising
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costs, particularly in stationery, etc., the
Committee feels that expenditure has been
maintained at a very reasonable level,

There has been some saving during the year
on the money expended on repairs to the
Institution’s premises.

Building Appeal.—During the year under
review there was a considerable increase in
donations to the Building Appeal compared
with the preceding year. Members will recall
that towards the end of the financial year the
President asked every member to support the
Institution’s objective of acquiring its own free-
hold premises. The full result of the President’s
appeal is not, of course, shown in the current
Accounts. but the immediate response was most
encouraging: since the close of the financial year
contributions have continued to be received
from members and it is proposed to publish a
list of subscribers during the next few months.

The Committee is also pleased to report that
further donations were received from industrial
organizations. and two companies have each
promised to contribute £5,000.

As stated in the last Annual Report, at least
£50.000 must be acquired to enable the Institu-
tion to purchase premises suitable for the
provision of a lecture theatre and other facilities
essential to the further development of the
Institution’s work. The Committee hopes,
therefore, that members who have not yet
subscribed to the Appeal will make every effort
to do so, in the knowledge that their contribu-
tion will also help toward the encouragement
of further support from industry.

Balance Sheet.—The Balance Sheet is self-
explanatory in showing the financial position of
the Institution at 31st March. The Committee
makes a reservation on the actual valuation of
the Library, which has been regularly written
down every year but which, in the Committee's
opinion, should now be revalued. It is hoped
to carry out this work during the next twelve
months.

CONCLUSION

In any report of this character it is inevitable
that only the more outstanding features of the
work of the Council and its Committees can
be covered. It is ‘hoped, however, that this
report will indicate some measure of the services
given to the Institution and members by the
officers and those who are elected to Council
and its Committees. Without such human
endeavour the work revealed in this report could
not have been attempted, nor a start made on
the various new phases of the Institution’s
development.

Not the least of these was the considerable
time given to launching the appeal for a building
befitting the future work and responsibilities
of the Institution. The Accounts show that
there has been further progress toward achieving
the first target of £50,000 and it is hoped that
all members will support this appeal and thus
justify the continuing help being given by the
British radio industry.

In turn, the success of the work of Council
and its Committees depends on the loyalty and
enthusiasm of the staff of the Institution. The
Council therefore records with pleasure its
appreciation of the work accomplished by the
staff, often in difficult circumstances.
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GENERAL ACCOUNT
INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 3ist MARCII, 1955

1954 £ s d £ s d 1954 £ s d.
£  Administration Expenses: £ L . .
7,737 Salaries and State Insurance .. 8557 ‘21 8 13,061 Subscriptions, including Arrears .. . 14,235 6 10
378 Pension Scheme .. .. .. 378 .
803  Postage and Telephone .. .. 985 3 | ‘ 165 Sundry Donations .. .. .. .. — =
962 Printing and Stationerv .. .. 95 7 4 636 Building Appeal Donations .. .. .. 2053 18 4
;Zg l’;{’;;;g;gf ’Z’:’; )f' ""':: taining L ‘/"""f‘f ‘::8 ]2 (.; 2,387 LExamination and Exemption Fees .. .. 2,196 5 11
542 Council and Committee E; \'pz'nu's .. 287 8 8 1,408 Entrance and Transfer Fees .. .. 1,220 16 6
8 Audit Fees . .. 115 1
452 Bank Charges and Clleque Books 451 6 4 3,594 Sale of Examination Papers and .lourndls .. 3,827 7 10
230 Sundry Expenses .. .. 227 12 2 135 Interest on Investments (Gross) .. 50 160 14 3
95 Legal Expenses L . . T 1270815 4 Radio Trades Fxamination Board —
Institati . : . 717 Secretarial Charges .. .. .. .. 875 0 0
nstitution Premises: .
1,519 Rent, Rates and Insurance (Net) .. 1,517 13 0 912 Excess of Expenditure over Income .. .. 268 8 8
325 nghlmg and Heating .. 29015 5
398 Office Expenses and C/eamng .. 428 7 9
901 Repairs .. .. 190 14 6
2427 10 8
Institution’s Journal, List of
Members and Reports:
Printing and Publishing less Adver-
4,329 tising Receipts .. .. .. 518719 7
545 Postage .. .. 709 13 2
235 Envelopes am{ Wrappers .. .. 317 12 8
— 6,215 5 5
Examination Expenses: [
271 Printing of Papers and Regulations 302 211
Examiners’ and Invigilators’ Fees and l
460 Expenses .. .. .. 431 10 6
91 Hire of Accommodanon .. .. 81 16 0O
_— 815 9 5 |
Section Expenses: '
457 Printing, Stationery and Postage .. 522 6 2
363 Hire of Accommodation, eic. 251 13 2
529 Travelling Expenses and Subsistence 423 7 4
: 1,197 6 8 '
— Preliminary Expenses for Coat of
Arms . .. 162 5 0 |
203 Grants to Other Institutions 5% 219 0 0 ;
93 Premiums and Awards .. ag 144 13 4 |
— Convention Expenses .. .. 632 7 8 l
Depreciation:
251 Office Furniture and megs .. 288 3 3 '
70 Library .. . .. .. 27 1 7
315 410 ‘
£23,015 £24,837 18 4 | £23,015 £24,837 18 4




THE BRITISH INSTITUT

GENERA
BALANCE SHEET
1954
RESERVES
£ £ s d £ s. d
500 Library Reserve Account 500 0 O
Less Tiansfer to Reserve Account as per Contra 500 0 O
CURRENT LIABILITIES
2,643 Sundry Creditors 00 0 00 b0 oG 3,682 510
1,840 Subscriptions and Exammatlon Fees in Advance .. .. . 2,446 6 6
14,429 Bank Overdraft . 50 .. .. .. .. .. 16,884 8 5§
23,013 0 9
1954 CONVENTION
123 Receipts, less Expenditure to date .. .. .. .. .. —_———
NOTE: (i) The Balance on Reserve Account, namely, £2,723 8s. 10d., is after
credit has been taken for Building Appeal Donations and Interest
on Investments.
{ 3. L. THOMPSON (Chairman. Finance Committee)
Signed - G. A. TAYLOR (Honorary Treasurer)
| G. D. CLIFFORD (General Secretary)
£19,535 £23 013 0 9

We have obtained all the information and explanations which to the best of our knowledge and belief were
necessary for the purposes of our audit. In our opinion proper books of account have been kept by the Institution
so far as appears from our examination of those books and proper Returns adequate for the purposes of our audit
have been received from the Sections Overseas.

We have examined the above Balance Sheet and annexed Income and Expenditure Account which are in agree-

22nd July, 1958.
42 Bedford Avenue, London, W.C.2.



RADIO ENGINEERS

UNT
AS AT 3i1st MARCH, 1955
1954
£ £ s d £ s d
FIXED ASSETS
Office Furniture and Fittings at Cost .. 4,740 10 8
Less Depreciation to date .. . 2,097 10 8
2,264 —_— 2643 0 O
The Louis Sterling Library at Cost 1,127 8 1
Less Depreciation to date .. 527 8 1
550 600 0 O
INVESTMENTS AT COST
General Fund:
£200 3%, Savings Bonds 1960/70 .. 200 0 O
£800 49, Consolidated Stock .. .. .. .. .. 712 15 6
£306 4s. 4d. British Transport 4%, Guaranteed Stock 1972/77 .. 300 0 O
1,150 (Market Value 31st March, 1955, £1,246 4s. 4d.) — 1,212 15 6
Building Appeal:
£1,000 49 Consolidated Stock 877 1 6
£1,500 319 War Loan .. .. .. .. .. 1,130 0 3
£1,000 British Transport 4%, Guaranteed Stock 1972/77 1015 3 8
(Market Value 31st March, 1955, £3,225 10s. 0d.) —
3022 5 5
Halifax Building Society 1,200 0 O
2,779 _— 4222 5§
6,743 8,678 0 11
CURRENT ASSETS
General:
2,929 Stock of Stationery, Journals and Examination Papers at Valuation 3,703 15 10
Sundiy Debtors and Payments in Advance, including Subscrip-
2,161 tions in Arrear, less Reserve against Subscriptions in Arrear .. 2,154 5 8
83 Sections—Balances at Banks and in Hand 448 12 4
22 Cash in Hand .. 18 2 5
Building Appeal:
5,142 Cash at Bank .. 5,286 14 9
—_ 11,611 11 O
RESERVE ACCOUNT
Balance as at Ist April, 1954 .. - .. .. .. 2,455 0 2
Less Transferred from Library Reserve Account per Contra .. 500 0 O
1,955 0 2
Add: Reserve against Subscriptions in Arrear .. 500 0 O
Excess of Expenditure over Income for
the Year .. 50 268 8 8
_ 768 8 8
2,455 2,723 8 10
£19,535 £23013 0 9

ment with the books of account.

In our opinion and to the best of our information and according to the explanations

given to us, the said accounts give the information required by the Companies Act, 1948, in the manner so required. The
Balance Sheet gives a true and fair view of the state of the Institution’s affairs as at 31st March, 1955, and the Income
and Expenditure Account gives a true and fair view of the Excess of Expenditure over Income for the year ended on

that date.

GLADSTONE, JENKINS & CO.,
Chartered Accountants, Auditors.
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Brit. LR.E. BENEVOLENT FUND
ANNUAL GENERAL MEETING OF SUBSCRIBERS

NOTICE IS HEREBY GIVEN that in accordance with the Rules, the Annual General

Meeting of Subscribers to the Institution’s Benevolent Fund will be held on WEDNESDAY,
OCTOBER 26th, 1955, at 6.45 p.m., at the London School of Hygiene and Tropical Medicine,
Keppel Street, Gower Street, London, W.C.1.

!J

446

AGENDA

To receive the Income and Expenditure Account and the Balance Sheet of the Benevolent
Fund of The British Institution of Radio Engineers for the vear ended March 3lst, 1955.

To receive the Annual Report of the Trustees.
(Published on pages 447-449 of this Journal.)

To elect the Trustees for the year 1955-56.

Rules 5 and 6 state:—

5. The Trustees of the Fund shall consist of not more than five and not less than three
members of the Institution who have been elected at an Annual General Meeting of Subscribers
to the Benevolent Fund.

6. The Trustees shall be elected at an Annual General Meeting by all members who have
subscribed to the Fund during the preceding twelve months. ending March 31st in each year, and
the Trustees shall hold office until their successors are appointed.

The present Trustees are:—

The President of the Institution.

The Chairman of the General Council.

E. J. Emery (Member).

A. H. Whiteley, M.B.E. (Companion).

G. A. Taylor (Membery (Honorary Treasurer).

To elect Honorary Solicitors and Honorary Accountant to the Benevolent Fund.

The Trustees recommend the appointment of : —
Messrs. Braund & Hill, 6 Gray’s Inn Square, London, W.C.1, as Honorary Solicitors.
Mr. R. H. Jenkins, F.C.A., 42 Bedford Avenue, London, W.C.1, as Honorary Accountant.

Any other business.

By order of the Trustees.
Signed) G. D. CLIFFORD.

(Honorury Secretary).
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ANNUAL REPORT OF THE TRUSTEES OF THE Brit. I. R.E.
BENEVOLENT FUND

In the last Annual Report the Trustees
referred to their disappointment at having to
announce that for the first time since the
Institution’s Benevolent Fund was established
donations showed a decrease. It is, therefore,
with considerable pleasure that the Trustees
now report that 920 members of the Institution
subscribed to the Fund during the year, com-
pared with 606 members in the year ended
31st March, 1953. Whilst the average donation
is less than that for the previous year, the
increase in the number of members supporting
the Fund has compensated for the drop in the
average contribution.

In addition, the Fund has also benefited by
a most generous donation of £1,000 given by
Sir Louis Sterling, a Past President of the
Institution. Sir Louis Sterling was a Trustee
of the Benevolent Fund for very many years
and has made regular annual contributions. He
has always advocated the building up of the
Fund’s reserves in order to meet any future
contingency, and his present contribution will
do much toward the object of ensuring an
adequate income from investments,

The Trustees appreciate that very few
members are able to make large donations, but
would again emphasize that every member can
increase the value of his contribution, no
matter how small, by completing a deed of
covenant.

Past Annual Reports have given details of
the advantages to be derived from this method
of remitting annual contributions; for the
benefit of new members, however, the Trustees
reiterate that the completion of such a deed does
not involve the covenantor in any additional
payment. The advantage to the Fund lies in
the fact that the Trustees can recover the
income tax which will have been paid by the
donor, thus almost doubling the value of the
contribution.

Donations to the Fund have again been
received from Electric and Musical Industries
Ltd., who have made generous contributions
during recent years, as well as from the Radio

Industries Club of Manchester, who have
regularly supported the Fund during the past
three years. A new subscriber, to whom the
Trustees especially extend their thanks. is the
Radio Industries Club of London.

Expenditure.—The Trustees continued to
give the maximum help possible to Reed’s
School, but were distressed to learn in January
that the Governors of the School were
reluctantly compelled to close the Girls' School
as from the end of July 1955. This decision
was taken only after every effort had been
made by the School Governors to secure further
financial assistance to meet the continually
increasing costs of maintaining each child.

The Trustees of the Benevolent Fund were
responsible for three children in the Girls’
School, two of whom had almost completed
their training. Arrangements have been made
for them to continue studies for a commercial
career at local technical schools. The third
child had only been at Reed’s School for one
year and in view of her ability she has been
accepted into the Royal Wolverhampton
Grammar School, together with another girl
whom the Trustees had nominated for
admission to Reed’s School in September next.

Notwithstanding the fact that the Institution
has not at present any children in the Boys
School, the Trustees feel that they should not
withdraw the support hitherto given to Reed’s
School. It is proposed, therefore, to continue
the policy of contributing yearly grants towards
the purchase of bursaries which can be held for
the benefit of the Institution’s future nomina-
tions. In this connection, the Accounts show
that during the year ended 31st March 1955 a
further £250 was donated for this purpose.

Royal Wolverhampton School.—This gram-
mar school is also an independent school for
fatherless or orphan children and was estab-
lished in 1850. The boys’ and girls’ schools
house 350 children and both schools are
recognised by the Ministry of Education. A
grammar school course is provided leading to
the General Certificate examinations both at
ordinary and advanced levels.
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THE BRITISH INSTITUTION OF RADIO ENGINEERS
BENEVOLENT FUND
INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31st MARCH, 1955

— — . R ———— - S — — e m——

1954 l 1954
£ £ s d. £ £ s, d
190 Grants .. .. .. .. 253 6 O 614 Subscriptions and Donations . . .. .. .. .. 1,753 311
200 Purchase of Bursarles at Reed S School .. .. .. 250 0 O ( 206 Interest Received (Gross) .. .. .. .. .. 214 2 0
10 Postage and Stationery .. .. .. .. .. 5§ 30 |
5 Sundry Expenses .. 6 2 8
Balance, being Surp]us for the year carried to Reserve
415 Account .. .. . . . .. .. 1,452 14 3 ‘
£820 £1,967 511 { £820 £1,967 511

S — ——n — e—

S — — J = - —

BALANCE SHEET AS AT 31st MARCH, 1955

£ £ s d £ s.d £ £ s d £ s d.
RESERVE ACCOUNT FIXED ASSETS
Balance as at Ist April, 1954 .. .. 4757 6 17 Investments at Cost:—
4,757 Add Surplus for Year .. .. .. 1,452 14 3 £200 39, Savings Bonds 1960/70 .. 191 3 6
6,210 0 10 ‘ £200 39, Savings Bonds 1965/75 .. 18215 9
£400 3&% War Loan . .. 3513 0
£1,000 British Transport 4% Guaranteed
CURRENT LIABILITIES Stock 1972/77 .. . 1,002 13 10
37 Due to General Fund . . . o £4,000 49, Consolidated Stock . . 352616 O

.lays and Campbells (Holdings) lelted—

I" Sundry Creditor o o o o - 500 539 Cumulative Preference Shares

‘ of £1 each .. 35 2 0
Associated Newspapcrs lelted—200
Deferred Shares of S/- each . 166 4 6
C. P. CLARKE b or 4,613 — 5,780 8 7
Siened | A. H. WHITELEY rustees { (/Viag{()glg IVSaSI“gda; at 31st March, 1955,
‘gned + 5 A, TAYLOR (Honorary Treasurer) ’ o
G. D. CLIFFORD (Honorary Secretary) CURRENT ASSETS
— Sundry Debtor .. .. .. 63 13 6
158 Income Tax Repaymcnt Clalms .. .. 256 18 4
14 Cash at Bank . .. .. .. 109 0 5§
- 429 12 3
- _ I | S S

£4,785 £6,210 0 10 J £4,785 £6,210 0 10

[ have audited the above written Balance Sheet dated 31st March, 1955, in respect of the Benevolent Fund.
1 have received all the information and explanations I have required and in my opinion the Balance Sheet represents the true and accurate state of the Benevolent
Fund.

22nd July, 1955. R. H. JENKINS, Chartered Accountant,
42, Bedford Avenue, London, W.C.1. Honorary Auditor.
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In view of the closure of Reed’s Girls’ school,
the Trustees are especially grateful for the ready
co-operation extended by the Governors of the
Royal Wolverhampton School in immediately
arranging to accept the girls for whom the
Institution had undertaken responsibility. The
school will in future accept the Institution’s
nominations of girls who would have been
eligible for admission to Reed’s School, and
the Trustees feel that subscribers will give their
approval to annual grants being made to the
Royal Wolverhampton School.

The Trustees believe that by placing suitably
qualified children of deceased members in this
type of boarding school, the maximum support
is given to the widow. In most cases it is found
that if the mother is relieved of the main
problem of the continued education of the
children, she is able to undertake employment
and thus have the satisfaction of contributing
towards the support of her family.

Royal Wanstead School.—The last Annual
Report referred in detail to the work of the
Royal Wanstead School, which exists for
children requiring primary and secondary
education. A small yearly contribution has
been given to this school and it is hoped that
subscribers will support the Trustees’ intention
to retain the school on their lists for annual
grants.

Other grants.—Four cases referred to in the
last Annual Report were constantly before the
Trustees during the year and all necessitated
continued help,

The Trustees are happy to report that one of
these members, after many severe operations
and subsequent recuperative treatment, has now
recovered sufficiently to undertake light employ-
ment. The Trustees were aware that this case
would need help for a long period and express
grateful thanks to the Electrical Industries
Benevolent Association who have continued to
share equally the grants which have been made.

A further case, also involving serious illness,
was brought to the attention of the Trustees
during the year. Here again the Trustees found
that by providing relief from financial worry
the applicant was helped back to normal health.
This member, an Associate, has since been able
to commence light duties.

An Associate Member was given financial aid
when a business venture failed through his own
ill health. Further help was also given by the
Institution’s Appointments Register finding
him immediate employment and the Fund’s
honorary solicitor co-operated by giving the
member legal advice.

Continued assistance is also being given to
the mothers of the two children who have now
left Reed’s School until such time as the children
are able to establish themselves in employment.

General.—The Trustees continue to find that
the most genuine cases in need of assistance are
very often the most diffident applicants. Apart
from financial or similar assistance, the Trustees
are often able to be of other help to members
and their dependants who are in difficulty
because of straitened circumstance caused by ill
health. If any member knows of a colleague in
distress because of such circumstances, it is
hoped that advice will be sent to the Trustees
as soon as possible so that, if justified, help can
be given without the delay which can so often
worsen the circumstances.

Finally, the Trustees wish to record their
appreciation for the services given by Mr.
Charles Hill and Mr, R. H. Jenkins in their
capacities as Honorary Solicitor and Honorary
Accountant respectively. In particular, Mr.
Charles Hill has submitted to the Trustees a
draft of revised conditions under which the
Benevolent Fund might operate and during the
next 12 months subscribers to the Fund will be
invited to approve some alterations in the
present rules under which the Fund is operated.
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NOTICES

The Institution in India

With the development of the Institution’s
membership in India, it has been found desirable
to set up a central office to deal with Institution
matters under the aegis of the Indian Advisory
Committee. The office will operate in Bangalore
and will deal with all enquiries arising from India,
and the distribution of Regulations, forms, and
other literature.  Correspondence should be
addressed to The Honorary Secretary, Brit.I.LR.E.,
P.O. Box 1505, Hebbal, Bangalore 6, India.

Brigadier B. D. Kapur, B.Sc. (Member), remains
Chairman of the Indian Advisory Committee of
the Institution, and Lt.-Col. B. M. Chakravarti
(Associate Member) is the Honorary Secretary to
the Committee,

These arrangements will relieve the five
Section secretaries of a considerable amount of
their work and leave them free in the arrangement
of Local Section meetings.

Dr. D. G. Tucker

The announcement has recently been made that
David G. Tucker, D.Sc. (Member), has been
appointed to the Chair of Electrical Engineering
at the University of Birmingham. He will take
up his duties at the beginning of the 1955-56
academic year,

Dr. Tucker was for some years with the Post
Office Research Station and since 1950 he has
been in charge of a Division of H.M, Underwater
Detection Establishment. He is the author of
various books and a considerable number of
papers in both professional and technical
periodicals, including two in the Brit.l.R.E.
Journal.

Television Advisory Committee

The membership of the technical sub-committee
of the Television Advisory Committee has
recently been broadened and one of the additional
industrial representatives is Mr. L. H. Bedford,
O.B.E., BSc. (Member), a Past President of the
Institution.

Mr. Bedford was Chairman of the Institution’s
Technical Committee which drafted the Post-war
Development Report, Part 2, which referred among
other things to the future of television broadcasting
in Great Britain.
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Graduateship Examination, November 1955

The next examination will be held on Wednes-
day, Thursday and Friday, November 16th, 17th
and 18th, 1955. Entries for this examination from
home candidates must be lodged with the Institu-
tion not later than October 1st.

The closing date for oversea candidates for the
May, 1956 Graduateship Examination is Novem-
ber 1st, 1955.

Medical Applications of an Electronic Computer

A new electronic computer—an analogue corre-
lator—for analysing the rapid and complex
electrical activity of the brain is now undergoing
preliminary tests at the Massachusetts Institute of
Technology and the Massachusetts General
Hospital, in the United States.

It displays in a new and rather different form
the information in the electrical impulses related
to the nervous system’s operating and controlling
mechanism. By automatically comparing the
impulses in one short time period with those which
preceded them, the computer shows a time
sequence of the electrical activity of the brain.

In an invited lecture at the University of
Southampton, Dr. Norbert Wiener, Professor of
Mathematics at M.I.T., recently described the use
of this new equipment to show the rhythms of the
well-known brain waves which have long been
familiar to medical research.* The new form of
presentation, Dr. Wiener said, now permits us to
describe these as “an accurate clock in the brain
of man—a clock of good consistency, beating
about 10 times per second, and keeping phase with
itself for perhaps hundreds of seconds.”

The clock-like signals are found combined with
a great number of tiny random pulses. The con-
tribution of the new machine is to sort automati-
cally this random activity in order to evaluate the
consistent signals. In some individuals, Dr. Wiener
said, these minute but precise electrical signals
following one after another “stand out with the
utmost clarity and persistence, continuing at about
a constant level for what we know to be as much
as fifteen seconds.” In other cases, this signal is
not so clear or persistent; for the present there
seems no way of explaining these differences.

* Sec. for instance, H. W. Shipton, ""An electronic triggcr circuit
as an aid to ncurophysiological research,” J.Brit.I.R.E. 9. p. 374,
October 1949; W. G. Walter and H. W. Shipton, *"A toposcopic
display system applicd to neurophysiology,” J.Brit.I.R.E., II, p.
260, July 1951.
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{-1 ELECTRICAL PULSE COMMUNICATION SYSTEMS

1—Information Theory and Pulse Systems*
by
Professor R. Filipowsky, Dr.Ing. (Member)+

SUMMARY

Information theory and its more specialized branch, communication theory, are based on the
statistical definition for the information content of messages. Statistics deals with discrete elements
and is therefore directly applicable to pulse systems. The “system engineer” has to use results
of this theory for designing optimum communication systems.

Four classes of systems are distinguished : communication—data transmission—location—
computers. The main sections in each system are : source—message encoding—signal formation—
multiplexing (train formation)—wave formation (carrier modulation)—transmission over the
medium—reception—decoding—destination. Some sections may be omitted in particular systems.

Information is defined and its transmission over all the sections of a system is discussed in
the light of modern theory. Message encoding has to transform the multi-dimensional message
space into the three-dimensional signal space at the same time allowing for sufficient reduction
of redundancy. Signal encoding will reshape the signal space for matching a given channel.
Authenticity examination at the receiving end will assure reliable service by error detection.

Error correction methods may be employed to reduce equivocation (error expectancy).

1. Introduction

Electrical pulse communication systems may
be broadly classified as: (1) Observation and
Control Systems; (2) Conventional Communica-
tion Systems; (3) Location Systems; (4) Calcula-
tion Systems. The fields of application range
from biology through geophysics, line and
radio-communications, broadcasting, television,
radar to atomic physics and mathematics. The
present paper is restricted to the system aspect,
i.e. it deals primarily with the organization of
the electrical signals and waves carrying the
information, but it excludes the circuit technique
of producing and handling these signals.

All the systems have the purpose of trans-
mitting information. This common aspect led
to the development of a general theory of
information with the broad aim of defining
information, deriving expressions for the maxi-
mum theoretical information-handling capacity
of transmission channels and converters,
guiding system engineers in planning highly
efficient systems and permitting the quantitative
comparison of established systems.

* Manuscript first received 23rd December, 1954,
and in final form 8th June, 1955. (Paper No. 326)

1 Head of Electronics Department, Madras Institute
of Technology.

U.D.C. 621.374:621.391.

2. History

Tables 1 and 2 demonstrate how the evolution
of information theory followed closely the path
of the pulse communication system develop-
ment. 'The conventional broad definition of a
“pulse” declares it as a time function (wave-
form) with sudden transitions (discontinuities)
between periods of more or less smooth course.
Telegraphy, telephony, facsimile, television,
electro-physiology, radio-location and many
more branches of electrical information trans-
mission technique produce or convey informa-
tion in pulse-like form. Some of them belong
to the oldest members of the electrical com-
munication family and we need not wonder that
the tables range back in history over several
centuries.

It is amazing and instructive to learn how the
principal ideas of our most recent achievements
were well formulated at times when their
embodiment seemed quite impossible: the
sampling theorem dates back to 1920, when no
pulse communication system was known to
make use of its statement. Pulse width modu-
lation (PWM) was invented in 1924 and ex-
perimentally tested in the late thirties for the
first time. Radio location by reflection (radar,
according to Sir Edward Appleton’s definition)
is due to a patent of the year 1904, but only
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Table 1:

PRECURSORS AND PIONEERS OF
PULSE COMMUNICATION SYSTEMS

Ancient
times :

1267:

1746:

1753:
1758:

1787:

1823:

1829 and
later:

Smoke and drum signals in pulsive form
for primitive communication (still in use
with many African and Asian tribes).

Roger Bacon suggested the use of the
“sympathetic needle” (lodestone) for com-
munication to distant places.

Watson in England sent electric signals
over nearly two miles of wire,

An anonymous worker!* and

a Scot named Marshal considered the first
practical telegraph systems by using a
secparate wire for each letter of the alpha-
bet.

Lomond used a pair of wires and some
unknown code.

Ronalds converted these ideas to a single
channel system, using a quantized p.p.m.
system in most primitive form.

Charles Babbage, Professor of Mathematics
at Cambridge, commenced construction of
two different kinds of mechanical automa-
tic digital computing machines, resembling
in principle their modern electronic coun-
terparts.

1830 and Shilling, Gauss and Weber, Steinheil sug-

later:

1832:

1832:

1838:

1843:

1847:

1852:

1853:
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gested independently the use of multi-unit
codes (on-off pulses) for telegraphy over a
single wire.

J. Henry demonstrated the first electric
telegraph using an electromagnet at the
receiving end. He achieved audible recep-
tion (ringing a bell) over one mile.

S. F. B. Morse introduced his famous dot-
dash code, taking advantage of the statisti-
cal aspect of English letter probability (“e”
shortest symbol, *“ch” or ”)” longest sym-
bols).

Morse demonstrated his telegraphic system
over a distance of ten miles using a graphi-
cal recorder (tele-“graph™) at the receiving
end.

A. Bain invented the line scanning system
for dead picture transmission (facsimile),
which constitutes probably the first attempt
of picture encoding.

Morse completed the first long distance
telegraph channel (New York—Baltimore)
over 200 miles.

M. B. Farmer invented the time-division
multiplex system for telegraphy (U.S.
Patent).

Whitehouse used for the first time the
highly efficient 5 unit code commercially
(first appearance of binary digital coding
in telegraphy).

Table 2:

PRECURSORS AND PIONEERS OF
MODERN INFORMATION THEORY

1380:

1629:

1658:

1661:

1763:

1885:

Simonetta of Milan published most pro-
bably for the first time in history a ful!
statistics of letters in a modern language.

Descartes created the idea of an artificial
universal language with small redundancy.

Porta used a table of letter statistics includ-
ing digrams,

(]

G. Dalgarno, a Scotsman, published “Ars
Signorum”, suggesting artificial words with
consonants and vowels alternating, charac-
terizing all objects, ideas, events, etc., in a
well-classified manner. He  proceeded
from the general to the detailed adding more
and more letters to a word in the pre-
scribed manner. All these words would be
easily pronounceable as consonants and
vowels alternated.”*

Rev. Thomas Bayes formulated the famous
“Bayes’s theorem”, relating to the relative
probabilities of several competing hypo-
theses and their alterations by new obser-
vational facts. Applied to modern com-
munication theory, this theorem leads
directly to Shannon’s theorem No. 10 and
forms the basis for many other con-
clusions.8

A. E. v. Granfeld published the first com-
parative analysis of time division vs. fre-
quency division, creating these two im-
portant definitions (see his book: “Die
Mehrfach Telegraphie auf einem Drahte”).

* The indices shown in these Tables refer to the special list of

references given on page 454, not to the general references which
will be found on page 467.
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1872

1873:

1874:

1876:

1878 :

1884:

1903:

1904 :

1907:

1909

1914:

1915:

1922:

1924:

1925:

Table 1 (contd.)

Bowditch discovered the “on-off” action
of nerve-cells, thus bringing biological
events in connection with the wide field of
pulse information systems.

Heaviside suggested useful methods for
duplex telegraphy.

Baudot introduced his famous system of
multiplex telegraphy.

A. G. Bell established the first telephone
communication (U.S. Patent 174,465).2

Stein used an ordinary telephone to regis-
ter heart pulses: (Berliner Klin. Wochen-
schr., No, 49, 1878).

P. Nipkow (German patent 30,105 of 6th
Jan) introduced and embodied by his
fagnous disk the idea of time division and
line scanning, applied to live picture trans-
mission. Speaking in modern terms, he
encoded television messages by translating
the continuous brightness function of three
variables B=f (s, x, v) into a discontinuous
signal function V=V(r) of one variable.

Miner and Patten suggested the first time-
division telephony multiplex system with
mechanical rotating switches (U.S. Patent
745,734).

C. Hiilsmeyer in Germany invented the
“Telemobiloscope”, the first radio location
system.3

0. Scheller in Germany suggested the first
beam direction-giving system on A—N pulse
basis. (German Patent 201,496, C. Lorenz
A.G.)4

K. Lucas observed the p.f.m. character of
biological information transmission in
nerves,

Fournier d’Albe invented the first machine
to convert print directly into sound (“Opto-
phone™), thus initiating the development of
modern ‘“‘sensory prosthesis”.

J. Carson patented single side-band trans-
mission and

Espenscheid demonstrated its practical
feasibility, clarifying many doubts about
the existence of side-bands.

(18th April) R. A. Heising filed his patent
on pulse duration modulation (p.w.m.).

G. Breit and M. A. Tuve used electromag-
netic pulses to prove the existence of iono-
spheric layers and to measure their height.
This is probably the first demonstration
of radio location by pulsive methods.5

1905:

1918:

1920:

1924

1927;

1927:

1928:

1929:

1942:

Table 2 (contd.)

A, Einstein analysed the statistical move-
ment in gases due to temperature® His
investigations and their further evolution
by other scientists form the basis of sub-
stantial theorems of modern information
and communication theory.

W. Schottky presented the first theory of
thermal agitation noise, based on Einstein’s
work.10

J. R, Carson stated the fundamental sam-
pling theorem, that 2fr samples will repre-
sent completely any signal with the highest
frequency component f and the duration t.

H. Nyquist and independently K. Kiipf-
miiller stated that 2Br samples can be
transmitted in ¢ seconds over an ideal
channel of bandwidth B without mutual
interference, (Nyquist rate of transmitting
telegraph signal.)!?

Gray, Horton and Mathes proved that high
definition television requires wide-band
channels, thus destroying the hope of
many ‘“‘non-theoretical” inventors,

R. V. L. Hartley delivered at the Interna-
tional Congress of Telegraphy and Tele-
phony his famous paper on “Transmission
of Information”, published in 1928.12
The main results of his theory are:

(1) Information may be defined as: H=n
log s. (n=number of code elements of °
a message, s=number of possible states
for each code element).

(2) His fundamental law that the capacity
of a channel to transmit information is
proportional to the bandwidth of the
channel and the transmission time.

3) If a telephone message is quantized,
channel noise can be removed at the
receiver.

(4 Maximum information can be trans-
mirred with uniformly spaced samples.

H. Nyquist considered the influence of
noise on the quality of a transmission and
concluded that there is no object in re-
ducing the interference beyond the point
where the signal can be deciphered with
certainty and ease. He suggested an opti-
mum code for maximum information trans-
mission.13

Scillard made probably the first statement
of the identity of entropy and informa-
tion.!4

N. Wiener submitted the N.D.R.C. report
on the results of his theoretical investiga-
tion into the problem of filtering signals
from noise and predicting future data. He
gave a definition of the amount of infor-
mation associated with a given probability
function.15. 16
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Table 1 (contd))

1930: F. Schroter, Germany, invented the inter-
laced scanning system, using an odd num-
ber of lines and two frames per picture.
His system is still incorporated in all tele-
vision broadcasting standards all over the
world. (German Patent 574,085). This
invention constitutes an excellent example
of how to match the encoding system to
the minimum requirements of the destina-
tion (eye).

1934 (29th Sept.) R. D. Kell filed his patent on
Pulse Position Modulation (p.p.m.).

1935: (27th Feb.) Sir R. Watson-Watt submitted
his memorandum on “Detection and Loca-
tion of Aircraft by Radio Methods” to the
British Defence Committee. Full details
are specified for pulse-location systems
(Radar) including i.ff. and many other
features.6

1936: E. H, Armstrong gives the first published
account of a successful demonstration of
frequency modulation.

1936: H. Dudley demonstrated the first system of
voice encoding, the vocober (followed 1939
by his VODER).

1939: (23rd Oct.) A. H. Reeves filed in France his
Patent (No. 852,185) on Pulse Code Modu-
lation (p.c.m.) (U.S. Patent 2.272.070).

During and after the last War thousands of scien-
tists and engineers contributed to the tremendous pro-
gress of pulse information systems. The pioneers have
been succeeded by the anonymous though not less
enthusiastic professionals in the art.

This table contains only references to histori-
cal events of fundamental importance with
direct relation to pulse information transmis-
sion methods. No claim of completeness is
made and a plurality of equally important
discoveries in related arts, for example the
invention of the electron tube, have their
indirect bearing on the progress of pulsive
systems.

Table 2 (contd.)

1946 D. Gabor introduced the uncertainty prin-
ciple AfAt=1 and proved that “Gaus-
sian Signals” have the smallest possible
time-frequency product of 1. This unit is
named “logon”, now considered as the
unit of “‘structural information”. He
demonstrated that “‘complex signals” have
no negative frequencies in the spectral
function.1?

1947: W. G. Tuller submitted his Dr. Thesis con-
taining the improved Hartley law, which
gives the transmission capacity for quan-
tized signals in the presence of noise. He
developed the concept of “coded transmis-
sion” 1%nd of “maximized information func-
tion”.

1947 N. Wiener and H. Sullivan came indepen-
dently and by different approach to the
same extension of Hartley’s law.

1948 : S. Goldman proved the existence of a
threshold effect in all wide-band communi-
cation systems, (Trading band-width against
signal-to-noise ratio.)

1948 : C. E. Shannon recognized communication
theory as a branch of statistical mechanics
and put all the previous work together
with many of his own contributions on a
sound mathematical basis by establishing
a homogeneous theory expressed in 23
theorems. He gave an exact proof for
Tuller’s version of Hartley’s law in the
presence of white noise, extending its appli-
cation to all forms of electrical communi-
cation. He confirmed that the channel
capacity thus calculated is a true maximum
for the most ideal equipment and coding
process.

1950: D. Gabor established a still more fundamen-
tal basis for modern information theory by
directly deriving its principal statements
from quantum analysis. At the same time
he extended its applicability to all branches
of modern physics, stressing that conduct-
ing an experiment and making observations
means collecting more information.19
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came to full use 35 years later with pulse
signals as the decisive means of yielding
practical results. Many other similar events can
be correlated from the tables.

Both tables illustrate excellently the trend
towards higher transmission efficiency at the
cost of simplicity in equipment. Marshal used
in 1758 a separate wire for each letter of the
alphabet, i.e. 26 channels for one simple mes-
sage: in 1950 we find it natural to send hun-
dreds of telegraphic messages together with tens
of telephone conversations and several television
performances over a single “wireless” channel.
We are still, however, aware that we are wasting
90 per cent. or more of our most valuable asset
in communications, channel capacity. In Table
1 we find the more ingenious systems advancing
from decade to decade as the more accurate
theoretical tools are presented simultancously by
famous scientists as shown in Table 2, The latter
have helped concurrently in recognizing the
deficiencies of new systems. At the beginning
of the second half of this century we have been
presented with theoretical instruments of tre-
mendous power. The following paragraphs
should serve to familiarize us with these
theoretical aids and should give an abridged
account of the vast possibilities which are now
open to creative minds coming forward with
new suggestions. Some systematization is re-
quired at this stage of development to discrim-
inate between true progress and mere duplica-
tion or combination of well known facts.

3. Classification of Systems

There are four groups of pulse information
transmission systems with distinct functional
characteristics:

3.1. Communication Systems

Used in the restricted sense here, their main
purpose is to establish communication between
human beings, either over large distances, where
the normal human senses fail to provide suffi-
cient sensitivity or as an aid, whenever human
sense is inadequate. This may be due to
individual sensory deficiencies or due to exces-
sive requirements. Hearing aids, reading
devices for the blind and similar “sensory
prosthesis” are familiar applications.

The common feature of all communication
systems is the need to convey information,
which normally will be handled by the human

senses. Such information will be produced by
human beings (voice, letters, pictures, living
scenes, etc.) and/or will be intended for human
beings and their senses (mainly ear and eye).
The overall scheme of such “man-communica-
tion systems” is thus quite simple (Fig. 1a).

3.2. Location Systems (Fig. 1b)

These serve to determine the position of an
object in space, on a plane or on a line. We
saw that servo systems are still closely related to
conventional communication systems by the fact
that information is transferred from a source
to a destination. Location systems however do
not use a specific source of information, but
information is created in the channel itself. The
transmitter (sender) merely acts as the producer
of signals, which may or may not carry
additional information.

One very profitable classification of location
systems divides them first into range measuring
and direction measuring systems. The problem
is now one-dimensional for each group of
systems. Direction determining systems may be
further subdivided into direction finding and
direction giving systems.! All groups may
operate either with continuous waves or with
pulsive signals and all groups achieve distance
measurement by time measurement, assuming
constant and accurately known velocity of
propagation.

3.3. Observation and Control Systems (Servo
Systems)

If a physical magnitude (pressure, tempera-
ture, velocity, acceleration, etc.) or its variations
act at the input and if the destination is an
indicating or recording device, we speak of
“observation systems” or, for higher accuracy,
of “telemetering systems.” Observation is
frequently only the first object of the system.
The second is “action” according to the
observation. All systems combining observa-
tion with action are called servo systems.

The principal scheme of observation and
metering systenis is the same as for communi-
cation systems. Servo systems require a
feedback channel over which a counter acting
force (negative feedback) is brought back to the
input to remove or compensate the cause of
deviation from the standard (Fig. 1c).

The operation of servo systems may be a
continuous and instantaneous one, requiring
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the permanent connection between source and
destination in one or both directions (a.v.c. in
radio receivers, stabilization of power supplies
are examples). The other alternative is a dis-
continuous (pulsive) operation. The error signal
or the action device has in this case a threshold
below which this system will not operate. Once
the threshold level is reached action takes place
and lasts for a fixed time or, more generally,
until the error signal is small enough or of
opposite polarity (the thermostat is a well known
example).

The latter type is clearly of pulsive nature
and will concern us here directly. But also the
former type may use pulse communication to
convey error signals or correction signals. Still
more pulsive character may be seen in observa-
tion systems, which involve most of the
biological (electro-medical) instruments like
electrocardiograph or encephalograph. Tele-
metering systems require a large number of
identical channels and pulse modulation multi-
plex systems offer particular advantages.

3.4. Computers

Some essential differences of these systems
against conventional communication systems

justify their classification as an independent
group:?

Firstly, a computing device cannot be allowed
to make a single mistake. Secondly, a much
larger amount of a-priori information has to be
known to the machine in the form of tables,
curves, etc., as is the case even in the most
complicated secret communication systems.
Thirdly, encoding, code-translation and decod-
ing are essential features, for example to trans-
late decade figures into binary digits. Codes
may frequently change throughout the opera-
tion and many intermediate results will have to
be stored temporarily. Fourthly, it may be left
to the machine to change the instructions
initially imposed on it, whenever partial results
of the calculation process require so.

Whatever their position in modern com-
munication theory might finally be, it is sure,
that in their technique computers have much in
common with pulse communication systems at
least as far as the digital type of calculators are
concerned. Fig. 1d is added to give some idea
of the principal scheme of a digital computer.3
Many other similar representations are con-
ceivable. The source has to furnish information
in a threefold manner: as a-priori information,
as operating instructions, leaving alternatives to
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Fig. 1.—The four fundamental classes of
comimunication systems.

(@) Man communication system. (b) Location system.
(c) Control or servo system. (d) Computer system.
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Fig. 2—Scheme of multichannel communication system.

the machine, and as specific numerical data.
The destination will receive the result of the
calculation as information output.

4. Main Sections of an Electrical Pulse Com-
munication System

4.1. General Lay-out

A system may contain any number out of nine
main divisions (Fig. 2, left margin). The most
primitive system requires at least four (I1, M1,
S1, D).

4.2. Information Input

A complicated system may have several
provisions for simultaneous information input
and not all sources need be of the same type.
(In television: audio and video information. In
multiplex telephony: several independent
speech conversations.)

4.3. Message Formation

A transducer will generally “pick-up” the
information input from a non-electrical medium
and deliver it in electrical form to the
equipment. It may still not be useful in this
form and a conversion process will be required

to “match” the “message” (a given amount of
information) to one or more individual channels.
The total process may be called message en-
coding. The receiver may get a good deal of
information in advance, we call it “a-priori”
information, including indications of the sources,
codes, signals and waves in use. Some of these
specifications may be changed instantaneously,
in which case a special signal inserted into the
common train has to inform the receiver at the
correct instant. The dot-dash line at the left of
Fig. 2 indicates this possibility. The dashed
connection between M3 and M4 should point
out that it is possible to control the encoding
process in one channel in dependence on one
or more other channels (television sound in
other synchronization gaps).

4.4. Signal Formation (pulse modulation)

Once the message is available in electrical
form as a single-valued time function (for
continuous messages) or time series (for discrete
messages) we have to form signals to carry the
message. This is done in the sections marked
S. Cross connections, such as between S5 and
S6, are required whenever two or more channels
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co-operate in a system with improved overall
transmission efficiency. Such systems distribute
the available transmission capacity of the
medium instantaneously to the co-operating
channels in a form which offers largest capacity
to the channel requiring it most at a given
instant. At the same time an idle channel may
be cut-off completely. The connection of M5
and M6 to one and the same signal source indi-
cates the possibility of multiple modulation.

4.5. Train Formation

It is convenient to combine signals from many
channels in a ‘“multi-channel” system. Pulse
signals can easily be arranged in a “train,”
reserving for each signal a well defined short
time interval of the total transmission time, i.e.
arranging them in time-division (TD). The “T”
divisions can be by-passed in single channel
systems.

4.6. Wave Formation and Transmission Medium

In many cases we cannot transmit the signals
directly over the transmission medium. In
radio, wave-guide, ultrasonic and other trans-
mission facilities, a carrier wave is required
which has to be modulated, either with the
signal directly (in single channel systems) or
with one or more channel trains (or channel
groups in frequency division) containing multi-
plexed channels. This process is called wave
formation.

4.7. Reception, Decoding, Distribution

The waves carrying the signals will arrive
along with noise and disturbances at the receiv-
ing terminal. Two problems arise: Filtering
and Error Detection. The different structure of
useful signals and disturbances may be helpful
to separate them. Special codes or signal
characteristics may let us identify erroneous
signals and correct them automatically in some
cases. In other methods erroneous signals may
be suppressed and returning an error signal to
the sender may initiate their repetition. The
delay involved at both ends by following this
procedure can be kept small enough to avoid
annoyance. The error signal may go to the
train formation device or directly to the message
encoder. The latter case may be taken as
typical for servo systems.

Apart from these two problems, the receiver
has to perform the reversed functions of the
sender until the message can be delivered to
the destination.
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Several receivers may co-operate in the re-
ception of a single wave to improve their
detection abilities under severe disturbances in
the medium (e.g. space diversity reception).

4.8. Destination

A good knowledge of the information charac-
teristics of the destination is essential for the
system engineer, as there is no point in trans-
mitting a larger amount of information than the
destination can absorb.

Error detecting can finally be left to the
destination and error signals can well originate
from this last section. The process will then be
less automatic, but more subjective as far as
human communications are concerned. In tele-
phonic, telegraphic or teletype communications
it is the normal practice to “break in” at a
convenient instant and to ask for corrections.
A return channel has to be permanently avail-
able for this purpose, unless some automatic
channel switching mechanism is in operation.

5. Information Theory
5.1. Definition of Information

Having followed a message from information
source to destination we find in all sections
of a system the need for optimum matching.
The equipment engineer has to match loads to
networks and networks to sources to avoid
losses and distortions. His commodity is energy
or the rate of energy transmission: power. He
may have a large voltage and a small current
or vice-versa, the product alone is what matters.

The system enginecer has likewise to match
the destination to the channel and the channel
to the source, or the contrary. His commodity
has been called information, but we still have
to define it. In the popular sense we under-
stand by information any addition to our
knowledge and this is exactly what it means also
in the scientific sense. This would by itself
already form an acceptable definition, if we only
could define knowledge and even measure it.
Generations of schoolmasters have been engaged
in this problem but no satisfactory solution has
emerged. So we have to define information
directly and we can do best by splitting the
problem and eliminating:

(a) the “semantic” or “metrical” information
content,

(b) the “pragmatic” or “structural” informa-
tion content,
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(¢) the “mental” or “ideational” information
content.

What remains is called the “selective” or
“engineering™ information content.

The “semantic” aspect refers to the absolute
or ideal gain of knowledge as it might be
experienced by a “superman” with a perfect
memory and a complete stock of all human
wisdom.

The “pragmatic” aspect refers to the indivi-
dual gain of knowledge considering the limited
capabilities of one particular “receiver.” The
amount of information in this category will
depend on the structure in which the previously
accumulated knowledge has been built up
(Learning by a child).

The “ideational” aspect refers to the gain of
knowledge under a particular selection rule
established by an individual receiver. The
artist’s point of view for example falls under
this category.

The “selective” aspect is the only one con-
cerning us in the present investigation. The
engineer cannot deal with the truth of a mes-
sage, nor with its importance for one particular
individual, nor with its aesthetic value. He is
merely concerned with a pattern of characters
(symbols) presented to him for transmission. If
the pattern is limited in time or space or both,
we call it a “message.”

The more ‘“‘characters” he has to handle in a
message and the larger the number of “symbols”
out of which a sender may select the characters,
the more difficult will be his task. Naturally he
will attribute a higher information content to
the longer message using a highly flexible
“alphabet.” The number of message charac-
ters and the amount of choice left to the sender
when selecting them will determine the “amount
of information” from the communication point
of view. This is directly applicable to “dis-
crete” messages (consisting of clearly distinct
symbols, like letter telegrams). In Section 5.4
it will be demonstrated that it is possible,
although not easy, to dissect also all other
“continuous messages” (voice, pictures, etc.) in
a finite set of discrete symbols or whole
messages.

We then may define “selective information”
of a message as the quantity indicating the
degree of choice left to the sender when selecting
the message out of a complete set of possible
messages.

5.2. A Measure and Unit of Selective Informa-
tion Content

We defined a “message” as a limited pattern
of “characters’ each of them being selected from
a finite number of possible “symbols.” The
message pattern may be maximally four dimen-
sional (three space coordinates and time, as in
stereoscopic television) and determines the
“character space” in which each character of a
message has its well defined place. Also the
symbols may be arranged in a multidimensional
“symbol space” (maximally three-dimensional
for present day communication systems, for
example, colour television—brightness, hue and
saturation). For each character one and only
one symbol can be selected and it may be speci-
fied by its coordinates in the symbol space.
Character space and symbol space may be inter-
leaved to form the “message space.”

Knowing the number of characters in a
message (1) and the number of symbols avail-
able for selection (s), it is easy to calculate the
total number (M) of different messages of
equal length which can be formed from the
given character and symbol spaces:

The full set of possible messages is called the
“message ensemble.” Assuming that all mes-
sages of an ensemble have equal probability, we
may define the “information content” of any
message taken from the ensemble:

H=logM=nlogs ............... 2)

The logarithmic measure is required to make
H proportional to n (ie. to the length of a
message for one-dimensional character space).
The base of the logarithm constitutes the unit
of information. As the minimum number of s
is two, we use this as the unit and call it one
Binary Digit or one Bit. The unit of informa-
tion is therefore contained in a message of a
single character selected from two possible
symbols, giving both symbols equal chances of
being selected. This is a simple yes/no decision,
very familiar to us from the radio “quiz” pro-
gramme with 20 such elementary decisions.

5.3. Statistical Structure of Message Ensembles

In practical communication systems we rarely
will meet an information source which produces
a series of messages with absolutely random
selection from the ensemble. Only in the case
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of “white noise” may we experience this maxi-
mum uncertainty. Any other source will follow
a particular selection scheme favouring some
messages and neglecting others.

Statistical communication theory 4 567 has
extended the definition of information to cover
all possible restrictions in the free selection of
messages by postulating that the average in-
formation content of a message taken from an
ensemble of messages “with restraint™ is given
by:

M

H = - Xp,log p; in bits per message ...... 3)
i=l

i

p: is the probability of the /-th message being
selected. The cqui-probable case reduces eqn.
(3) to eqn. (2) and at the same time maximizes
H:

p.~=/:4,- Hoew = “M(All . logfll) =log M

H may be called the “entropy” of the en-
semble in analogy to the similar magnitude in
quantum theory. For its determination we re-
quire the probabilities for all the messages in
the given ensemble, which may be known as
“a-priori information” from previous tests or
can be gained only by very long observation of
an unknown source. As some messages may be
rare we have theoretically to investigate an
infinite sample of messages in the past and our
expectations for the future are only correct if
again we refer the prediction to an infinite
sample.®

If we can trace at all a particular selection
scheme (set of probabilities) in a source, we call
it a “stochastic source.” 1If the probability that
one character of a message will represent one
particular symbol depends on the selection of
a specified symbol for the previous characters,
we call it a “Markoff source.” In particular we
speak of an “ergodic source,” when each
reasonably large number of messages taken
from the source will show the same probability
pattern (constant entropy).

The difference between the maximum in-
formation content of an ensemble of messages
(equiprobable case) and the entropy under given
restraints is frequently designated as “internal

information” of the source (H,) and some
authors associate this term with ‘“negative

entropy.”
anaz = Hlnt + H
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The ratio X

maxr

is the relative entropy (or

message efficiency)* and an expression one
minus this ratio is named “redundancy.”’

Large redundancy is helpful in guessing the
most likely structure of mutilated messages.
Shannon® conducted experimental investigations
of the predictability of English language and
found that in 60 to 70 per cent. of the tests
individuals of a good general education could
guess correctly the next letter in a given text
if all the 12 to 14 preceding letters were known.

Redundancy does however lead to a waste of
transmission facilities wherever the error ex-
pectancy is low. Reducing redundancy to such
an extent that the highest system efliciency will
be secured, is the paramount aim of system
engineers. They have to study the “fine
structure” of the message probabilities to reach
this aim.

The longer the messages of an ensemble, the
smaller will be, in general, the entropy. Its mini-
mum value (maximum redundancy) will be
approached for extremely long messages. It is
then convenient to subdivide the message in
groups of characters, called “words” (the term
is used for all sorts of symbols, not merely
letters). They may be of different lengths and
we designate them as digrams, trigrams, tetra-
grams . . . N-grams containing 2, 3,4 ... N
characters each. Monograms are the characters
themselves, provided consecutive characters are
independent of each other. This is not the case
in Markoff chains, where we may define a “con-
ditional probability” (transition probability) p.(j)
for the symbol j following the given symbol i
and a “joint probability” p(i,j) for the occur-
rence of the digram /j. It is evident that:

sp=L x pli.)=1; xp). p{H)=pQ)

i

j i

where p()), p(j) are the monogram probabilities
of i and j respectively. These can be directly
evaluated by statistical observation or calcu-
lated from the set of digram probabilities by:

pl) = \_;p(i, D= )ij 1) R (6)

* “Source efficiency” or “‘ensemble efficiency” might
be preferable.
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Also the conditional probability can be calcu-
lated from the set of digram probabilities by:

() B [ (Y))
1 46)) ?”(i’ 5 = S )

As the definition of entropy (equ. 3) applies
to any length of message, we are free to take
digrams only as full-scale messages and we can
calculate the “digram entropy”:

H(x, y)=—2p(, j) log. p (i, j) bits/digram ...(8)

s ]
with x and y standing for the first and second
symbol respectively.

Knowing the digram probabilities, we may
directly calculate the monogram entropies for
the first and second characters respectively:

H(x) = —pG, ) logs % pGi. )
I

= —i‘p(i) log, p(i)
H(y) = —il;p(i, 7 log, ? pG, i

= —Xp(logp () «coeerrieninnnn. )
Considering that p(i, ) < p(i) . p(j) we find that

H(x, y)< H(x)+ H(y) e (10)

the equality being valid in the case of indepen-
dent characters only. Thus it is proved that any
dependence of the probability distribution for
one character on the symbols used for the
previous character will reduce the entropy per
character.

It remains to mention the definition of
“conditional entropy”'® of y, H, (y) as “the
average of the entropy of y for each value of x,
weighted according to the probability of getting
that particular x.

H; (y) = —iZ'_ pQ, j) logz p(j) -...... (11)
with H(x, y)=H(x)+ H () =Hy)+H,(x) ...(12

Similar definitions have to be framed for
trigram up to N-gram entropies.’ An exact
calculation for the entropies up to trigrams for
the 26 letter alphabet of the English language
gives a reduction of the entropy from 4-7 bits/
character for equal probability over 4-14 {(mono-
gram), 3-56 (digram), 3-3 (trigram) to 2-62 (words
of 45 letters average length). Considering the
word probabilities along with the whole phrases
might reduce the entropy to less than one bit/
character, yielding more than 75 per cent.

redundancy. To find practical systems for the
removal of such large redundancy resulting in
theoretically possible improvements is the task
for the near future. So far only discrete
sources, particularly printed text in conven-
tional languages, have been investigated. It is
certain that other sources like speech or moving
pictures have still much higher redundancy.

5.4. Statistical Theory of Continuous Sources

We have three distinct ways of classifying
sources of information:

Firstly, into “dead” (still) and *living”
(moving) sources, the former presenting the full
message at a time (photographs, message forms
for telegraphy); the latter producing a steady
flow of information, which generally has to be
handled without appreciable delay (speech,
moving pictures, etc.).

Secondly, into “discrete” and “continuous”
sources.

Thirdly, according to the number of dimen-
sions in which the information is presented
ranging from living teletype with one-dimen-
sional character space and one-dimensional
symbol space (Sect. 5.2) to stereoscopic colour
television with four-dimensional character-space
and three-dimensional symbol space.

Sources may be at the input of the communi-
cation systems or may act by interception in the
medium (location systems).

Fortunately all these cases can be covered by
the information theory as already established
for the discrete case. The more elementary
approach is a subdivision of the message space
by dividing the continuum of messages into a
large but finite number of small regions. The
more rigorous approach is indicated in a
preliminary study by Shannon,”-1® who claims
that “with a great deal of abstract measure
theory, information theory can be formulated in
a completely axiomatic and rigorous manner
which includes both the continuous and discrete
cases and many others.”

The elementary approach reduces the prob-
lem to one of the discrete case. It is evident
that we shall meet everywhere in nature
thresholds which determine the smallest dis-
cernible step for any magnitude. Thus a scale
of steps can be defined for each coordinate of
the message space. A volume having one unit
step in each of its sides, may be called an
“information cell.” The system engineer has
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first to determine the size and shape of the
information cell of the source to be used and,
what is equally important, of the destination.
There is no point in transmitting more informa-
tion than the destination can pick up. Once the
information cell is determined, we may count
the number of cells separately for the character
space (n) and the symbol space (s). All the
previous equations are then directly applicable
and we may calculate the various entropies as
soon as the message probabilities are known,

The second more rigorous approach has to
deal with sets of functions in place of the set
of discrete messages previously discussed.
There may be a finite set of continuous functions
fi () k=1, 2, . n) and we may consider
each function as a separate message. Knowing
the probabilities P,, we may calculate the
entropy. If certain limitations for example in
the amplitude of a function and
all its derivatives exist, we shall
generally find that a finite set of
discrete values for selected ordin-

— N

5.5. Signal Analysis and Information Theory

The multi-dimensional message space has to
be transformed into the three-dimensional signal
space to express the given information in the
most efficient and convenient form for trans-
mission.  All present day communication
channels transmit information merely as time
functions (series) of an electric magnitude, either
power or voltage (current) across a fixed
impedance. All channels are specified in terms
of the maximum frequency (of a steady sinu-
soidal signal) which they are able to handle. It is
therefore appropriate to specify a “signal space”
in three coordinates (amplitude, time and
frequency) in which time and frequency are the
independent variables and amplitude is the
dependent variable. We defined an information
cell as the minimum quantum of the message

ates x; . x., will completely L //?'“‘\«.
specify the function within a given _ o ] P
interval Ax (sampling theorem). - a Y
. q q 3 : ONE SIGNAL CELL

If a continuum of functions is it AT
available, but not a finite set, we 2%, e A/_;AS i
may find the probability distribu- Sl ar A 7
tion for the parameters in place of 4 < Ae 1> = il
the discrete probabilities P,. We | -, AF P *),/
call a set of functions for which a o / / / T~
probability measure is known an sl T // A~ SIMULTANEOUS
I . 2 . T L e SIGNALS IN FD.
ensemble of functions”” The in- <L il -7
dppendent variable is usually the N ‘“’j <1 :v/\ 7/\"’ CEOUENCE OF SIGHALS
time. We call the ensemble L A TS < I 7D
“stationary” if the same ensemble AREA OF SIGNAL gl
results when all functions are CHARRCTERS "

shifted any fixed amount in time.
In particular we speak of an
ergodic ensemble, “if it is station-
ary, and there is no subset of the
functions in the set with a probability different
from O to 1 which is stationary”.10

Circuit engineers deal with individual func-
tions, representing particular wave forms. The
system engineer has primarily to deal with
ensembles of functions. For practical applica-
tions he will be fully satisfied with the first
approach, using a “quantized message space”,
at least for preliminary calculations.
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Fig. 3.—A signal cell in the three-dimensional signal space.

space, we shall similarly find a minimum
quantum of the signal space, which we may call
a “signal cell.”

Three major problems are involved in the
information matching process:

(1) Message encoding, which should compress
the information of extended sources into one or
more time functions (space matching) and
which should remove much of the redundancy
(entropy matching). The result is the three
dimensional signal space with small redundancy.
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(2) Signal encoding to reshape the signal
space into a form which best matches the noisy
channel. The signal space may be called
“channel space” in the transformed condition.

(3) Authenticity examination to trace errors
or mutilations of the received signal and to
arrange for their automatic correction,

The first and second process combined
constitute the total encoding action at the trans-
mitter. 1t is not always necessary to specify
separate sections of the equipment for the two
different functions, but it will be useful to dis-
criminate the two problems in any analysis.

Representing the signal space by a rectangu-
lar coordinate system with 7, f and s axes, leads
to a signal cell of a minimum volume AV =AS x
Af xAt (Fig. 3). The minimum amplitude
quantum AS is prescribed by the ability of the
equipment to discriminate between two ampli-
tudes having a minimum difference of AS only.
The number of possible amplitude steps is the
highest integer, below -ig'fin the case of a
linear scale. Smer is the maximum tolerable
peak to peak value of the signal. The band-
width of the signal cell Af is not independent of
the “epoch™ At. There is no theoretical lower or
upper limit for either but only for their

product:
Af xAtZ=1 (13)

This is the wuncertainty relation of a signal
cell,* analogous to the uncertainty relation of
quantum physics. Frequency and time cannot
both be defined simultaneously beyond a certain
limit. A sharply defined frequency (permanent
sine wave) leaves the epoch entirely undefined
and defining a time instant exactly by a so-
called delta-function signal (infinitely short
signal of finite energy content but infinitely large
amplitude) leaves the frequency entirely un-
defined. There are many practical signal forms
between these two extremes, which require a
certain minimum frequency band for transmis-
sion and at the same time have a minimum
duration.

The “Gaussian elementary signal” has actually
the theoretical minimum value of 1 for the
product of “effective duration” and “effective
bandwidth.” Other elementary signals however
may be more suitable from a practical point

* See Gabor (Ref. 11, page 14), where Af and Ar
are defined as “effective bandwidth” and “effective

duration” in a manner which makes the uncertainty
product 1 as a minimum.

of view (minimum intersignal interference).
Their characteristics will be discussed in the
succeeding parts of this paper.

Selecting the elementary signal specifies the
uncertainty product which is between 1-2 and
1-8 in practical cases. Knowing the total band-
width W of a channel and the transmission
time T we may count the number of indepen-

dent time-bandwidth areas as T may

w.T
AW AT
be equivalent to the message duration or to a
convenient message interval (in case of living
messages) or to any arbitrarily selected value
in agreement with the entropy matching process.
Any such elementary area forms in the signal
space the base on which a set of signal cells,
i.e. one “signal element’, can be erected. For
each base-area we may select one and only one
signal cell. (Fig. 3.) The information content of
the signal space can now be calculated by using

eqn. (2) as
w.T Soaz
HSmaz = Af.AI logg-AS
in bits per message of length T ...... (19)

This assumes that all signal cells in the space
should be used with equal probability within a
reasonably large interval and that all signal
elements may be independent of each other.
If these conditions are not acceptable we may
calculate the entropy of the signal space accord-
ing to Sect. 5.3 considering the probability of the
various “symbols,” in this case of the various
possible amplitude levels.

5.6. Signal Encoding, Channel Space and
Channel Capacity

We have so far proceeded beyond the M
block in Fig. 2 and enter now one or more S
blocks. The information is here represented by
the signal space and its structure.

A group of signal elements (Fig. 3) may
simultaneously exist and occupy a wide
frequency band (frequency division=FD) or all
signal-elements may occupy the same frequency
band and may be arranged in time sequence
(time division=TD). There may be a large
number of quantum steps in the signal space
after the message encoding.f The number of
possible quantum steps will be limited only by

+ Actually it is the usual practice to keep a con-
tinuous message function non-quantized throughout
the space matching procedure and in simple message
encoding systems we retain preferably the continuous
character also in the entropy matching process.
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practical difficulties in discriminating too many
different amplitudes and not by noise and dis-
turbances as these may be excluded within the
equipment.

Such considerations do not apply to the
channel space (signal space within the trans-
mission medium). Noise and disturbances are
then of paramount importance. They limit the
capability of the channel to carry information
primarily by restricting the number of amplitude
steps which can be distinguished. 1t has been

proved!0 11-12,13 that 4 —-; P steps of a signal

can be distinguished in the presence of “white”
noise, if we understand by P, the average signal
power for maximum signal level and by P, the
average noise power. Observe that now the
maximum total level is P,+ P,, whereas maxi-
mum amplitude in eqn. (14) was Snq in the
absence of noise.

Combining the result with the previous idea
of signal cells in the signal space, we may
define as the maximum information content of
the channel space observed at the receiving
decoder input:

Hrnes=WTlog, ( 1 +£—')§2 WTlog, (! +§)

in bits per message (of length 7) ...... (15)
..effective bandwidth of the channel (in
cycles per second).

.effective transmission duration of one
message (in seconds).

w.
T.
P,...average signal power in watts.
P,...average noise power in watts.
S ...r.ms. signal voltage in volts,
N...r.ms. noise voltage in volts,
For living messages it is _inconvenient to
specify a particular message interval T. We

preferably use the term channel capacity
specified by:”*

C=W log, (1+§') 5 B e (16)

From both the equations (15) and (16) we
learn that bandwidth, transmission duration
and signal-to-noise ratio (transmitter power) can
be traded one against the others. For example,
we may tolerate much higher noise level if we
reduce the number of amplitude steps and re-
shape the signal space by extending its base
either in the time-domain (longer transmission
time for dead messages or encoding processes
with delay involved) or in the frequency domain
(increasing the channel bandwidth W). The
minimum number of distinguishable amplitude
steps is two and we call the corresponding
signal elements: binary digits (Sect. 5.2).
Elements which may assume any value out of
n amplitude steps are called n-ary digits. The
signal encoding process will in many applica-
tions convert the signal space of n-ary signal
clements into a channel space of K-ary, particu-
larly binary channel elements. For each signal
element we have now a group of channel
elements, which may be termed a “channel
character.” Any possible form, which a channel
character may assume (due to any possible
combination of channel elements) may be called
a “channel symbol.” For binary signal coding we
may select any one out of 2" channel symbols
as a channel character consisting of n-channel
elements. Signal encoding may also serve the
opposite purpose, i.e. to increase the number
of symbols per element when transforming from
the signal space to the channel space (for
example, facsimile over a practically noiseless
channel).

We mentioned above that amplitude quan-
tization is not necessarily involved in the
message encoding process. We may now add
that the signal encoding process may also be
performed in the continuous range. In this case
we cannot directly specify a limited number of
channel symbols, but knowing the symbol
thresholds of the original continuous message
it is in every case possible to calculate the
required number of amplitude steps for the
signal function to retain the original granularity
of the message. In the case of strong noise, it
may not be possible to secure the necessary

* The relationship in this form is frequently known
as the “Hartley-Shannon law.” However neither
of these two famous scientists has ever put a
claim to be considered as the inventor or discoverer
of this important relationship. In fact both authors
and many other investigators have duly distributed
the credit to several contributors. Nevertheless the
designation is justifiable, as Hartley was the first to
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establish a clear idea of the signalling speed being
directly proportional to the channel bandwidth and
Shannon was the first to render an exact mathe-
matical proof for the quantitative influence of noise.
Shannon’s theory of the “continuous channel” in-
volves also the non-white noise (arbitrary disturbances)
and the case of peak-power limitation within the
channel.
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“fine-structure” of the symbol scale. Signal
encoding may then divide the symbol range into
two different channel elements, which can be
continuously modulated. Such channel elements
have been termed indices.

Operating also the time coordinate of the
channel space continuously leads to the con-
ventional communication systems. Quantizing
the time-domain—we speak usually  of
“sampling”—leads generally to pulse communi-
cation systems.

5.7. The Evaluation of Received Information

All the further functions which may be per-
formed with a signal within the channel (i.e.
train formation, wave formation, duplexing etc.)
as indicated in Fig. 2 constitute only linear
transformations or non-linear distortions from
the point of view of information theory. We
may therefore turn to the receiving side where
the “channel space” should be available for the
evaluation of messages. Disturbances and noise
may have changed the structure of the “channel
space” and as a consequence of such intercep-
tion within the medium there may be a certain
amount of confusion in respect of the true mes-
sages selected from the channel space at the
transmitting side.

Disturbances and noise are not predictable,

but they have characteristics, which may profit-
ably be used to distinguish them from the true

&.(T)

b (T)

6 =6 /~2p \ -p
NON -PERIODIC FUNCTION £, (t)

Fig. 4—Auto-correlograms of non-periodic and

periodic functions.

message. Moreover the receiver will be in
possession of a good amount of a-priori infor-
mation about the messages (message and signal
codes, original structure of the message space,
structure of the channel space, characteristics of
the medium, etc.) which all may help in deciding
about the authenticity of a message.

Two methods have been evaluated for this
purpose: (a) The use of error detecting codes

+p
PERIOOIC FUNCTION WITH PERIOD p

in connection with error correcting systems.
(b) Correlation methods to compare the receiver
combination of signals and noise with the given
general characteristics of signals alone and of
typical noise alone.

The first method is excellently presented in
an article by R. W. Hamming'* and it will be
summarized later in this paper. The second
method is based on extensive investigations by
many scientists!>? and follows a principle as
old as criminology. We use “model waveforms”
of all the signals or signal elements to be received
and compare any incoming waveform with these
standards with the help of an automatic corre-
lator to consider all possible mutations which
might hide the true character of the signals.

Scientifically we call the process cross-
correlation and define it mathematically in the
form

Fr

i 1
®,,, (7) rl_linw 5T Jfl(t)-f2 (t+=)de......... (7
I
f (1) and f. (1) are the two functions to be cor-
related, ®,,(s) is the “correlation function.”

The special case fi(f) = f«1) defines ®,(<) the
“auto-correlation function.” A graph showing
any correlation function @ (z) is called a
“correlogram.” An “auto-correlo-
gram of a non-periodic function
has only one maximum at <=0
and is symmetrical in respect of
the y-axis. If the function is
periodical, the correlogram will
show repeated peak-values at
- =np, p being the period Fig. 4).
For discrete signals, f(r) may be

- replaced by a time-series and the
integral process converted to a
summation.

Taking f,(r) as the superposition

of signal and disturbances, but

f«1) as the model function of the signal
only, results in the superposition of the
auto-correlogram  of the signal with the
cross-correlogram of signal and noise. The
investigation of this cross-correlogram may
permit in many cases good detection of signals
in the presence of heavy noise at the sacrifice
of a small delay. Pulse communication systems
offer the advantage of using a single standard
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waveform for all signals (at least when using
binary coding or time modulation).

Correlations are also of increasing importance
in speech analysis and they may ultimately lead
to a highly improved message encoder for
speech.

The theoretical considerations of Sect. 5.3,
where we discussed the importance of joint
probability and conditional probability for
Markoff processes. are readily applicable to the
theory of the received information. We can only
claim a certain very high probability that a
received message is actually identical with the
transmitted one. There is a certain probability
that another message will have been transmitted.
Calling x any of the transmitted messages, and
v any of the received messages, allows the cal-
culation of the actual rate of transmission over
the channel as:

R =H(x)-H (x) in bits/sec. ...... (18)

In this equation we understand by /1'(x) the
entropy of the ensembles of messages in the
message space or, briefly, the “entropy of the
message space” as defined by eqn. (3). The
dash on H'(x) indicates that we calculate the
entropy per second and not per character.

If there would not be a single error in a com-
munication system we could take this value as
the actual rate of information transmission. As
this ideal situation cannot be reached we must,
of course, deduct the amount of errors, to get
the rate of transmission. Shannon”'" has
proved that it can be expressed as the difference
of the cntropy of the message space and the
conditional entropy H,(x), both calculated per
second. H,(x) may be calculated by following
the advice of eqn. (11). It is defined as the
uncertainty of the send message (x). when the
received message (v) is known. This value has
been christened “‘equivocation” by Shannon.
Also the name ‘“‘error expectancy” has been
suggested.

We see now one more important design re-
quirement for the system enginecr: Keep the
equivocation low!

This is an easy-going slogan, but its realiza-
tion is a rather complicated process. First of
all it is evident that overloading the channel,
i.e. making H the entropy of the signal space
(per second) larger than C, the channel capacity,
will lead to distortions and consequently to
mutilations of messages. Even if Hy is smaller
than C, but H ..., the signal space entropy for
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equiprobable distribution of all possible signal
combinations (random selection of signal sym-
bols) is larger than C, there may be short
message intervals for which the channel capacity
could be overloaded. The rule is therefore to
make H{ ... close to C and Hy' slightly smaller
than C. For sources with large redundancy
this can be achieved only by message encoding,
as it implicitly means a small difference over
Hwe—HS, ie. a small signal space re-
dundancy.

Such considerations indicate that for a given
channel we may not get the highest rate of
transmission, if we use a source with an entropy
of H’'(x) equal to the channel capacity C. In
such a case H ,(x) would be much larger than
for a source with a slightly smaller H'(x). The
true system capacity (C,) should therefore be
identified with the maximum possible rate of
transmission :

C.=Max. [Hx)-H ()] ......... (19)

The maximization of the svstem capacity re-
quires therefore :

(1) That the entropy of the source is some-
what below the channel capacity C, as given by
eqn. (18).

(2) That, in cases where the maximum rate
of information of the source is much larger than
its entropy per second, we arrange for a highly
efficient entropy matching device.

(3) That the most efficient signal waveform
is sclected, giving the best compromise between
the requirements for a small uncertainty product
(\rAf), small interferecnce between channel
clements or channel characters or different
channels, and good discrimination against noise
and disturbances.

(4) That any signal encoding process. which
might be used, will take full consideration of
possibly unequal probabilities for mutilation of
special channel elements, characters or com-
bination of such.

(5) That a small redundancy may be given
to the channel space to allow for error correc-
tion to the required extent.

(6) That all operations within the channel
(modulation, multiplexing, duplexing, demodu-
lation, etc.) may not materially increase the
equivocation,

(7) That all possible methods are applied at
the receiving end for keeping the equivocation
low (correlation methods and error correction
methods).
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The most difficult requirement is the second
one, as in many systems the required delay for
efficient coding will not be tolerable.

An improved theory is gradually being
framed which will consider “short time entro-
pies” and “instantaneous information contents.”
On the practical side, ways are being traced to
trade instantaneously channel capacity between
several channels of multichannel systems. Some
of these ideas will be touched on in the later
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National Radio Show 1955

The twenty-second National Radio and
Television Exhibition was held at Earls Court,
London, from August 26th to September 3rd; over
the 8 days the attendance was 242,800 compared
with 315,970 for last year, when it was open to
the public for 10 days,

Three major developments in the domestic use
of radio were featured—Band II1 television, v.h.f./
f.m. sound broadcasting, and high-fidelity repro-
duction of sound. The extent of the first of these
could be seen in the fact that every television
receiver on show was suitable for receiving both
Band I and Band 11l transmissions: in view of
the more complicated nature of circuits for the
higher frequency, manufacturers appear to have
decided to keep costs down by concentrating on
this type of set.

Successive Radio Shows have pointed the trend
toward larger screens and this year receivers with
17-in. tubes predominated. The 2l-in tube now
appears in quantity-produced receivers, while the
largest tube on show was a 27-in., although this
was for export only. These larger tubes use
90-deg. scanning which assists in reducing the
length of the tube. It did at one time appear
that the 9-in. screen was obsolete and the 12-in.
obsolescent, but two portable receivers using
these sizes were shown. One was an a.c./d.c. set
with 12-in. screen for carrying about within the
home, the other a portable receiver with a 9-in.
screen for operation from a 12-V car battery or
ac./d.c. mains and providing v.hf. sound
reception as well as two television bands.

At this stage in the development of television
one does not expect any revolutionary circuits,
and advances in this direction were confined to
refinements to give better quality pictures. For
instance, in switching frecm one channel to
another, varying signal strengths will be
encountered and many sets thus incorporate
automatic gain contrcl for both vision and sound.
Many receivers will be operated under f[ringe
conditions, and hence improved sensitivity and
flywheel synchronization are essential features of
the slightly more expensive sets intended for
operation with weak signals. Flyback suppression
circuits, necessary particularly with very bright
pictures, are another field where improvements are
shown, as well as in interference reduction by
“black-spotting™ circuits.
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The design of the radio frequency amplifier and
frequency changer stages of all television receivers
is very much the same—the cascode circuit is
almost universal as r.f. amplifier while a double-
triode or triode-pentode is the usual choice for
the frequency changer. There is, however, greater
divergence in switching arrangements: usually
these take the form of a turret carrying pre-
tuned coils for each channel, but some manu-
facturers make use of the incremental inductance
circuit.

Improvements in cathode ray tube design have
led to the reduction of astigmatism by the use
of better focusing units, either magnetic or, in
some cases, electrostatic. lon traps are incor-
porated in virtually all tubes to reduce ion burn
and aluminized screens are becoming more
general.

The industry’s confidence in the future of
v.h.f.-f.m. broadcasting could be seen in the fact
that about half the sound receivers on show
incorporated a v.h.f. band, either instead of, or
in addition to, the usual short wave band.
Broadly speaking these receivers can be grouped
into those intended mainly to give better reception
(from the interference point of view), and those
where much greater advantage is taken also of
the high fidelity reproduction obtainable. The
B.B.C. gave demonstrations of comparative
recordings of v.h.f. and medium wave reception
which showed the advantages in overcoming
interference.

A considerable number of radio gramophones
incorporate the v.h.f. band, and provide enhanced
reproduction through more advanced circuitry or
multiple loudspeakers, or both. Increased atten-
tion this year was paid to the demand for the
individual units in high-fidelity reproducing
systems and this was combined with demonstra-
tions of repreduction from disks and from tape,
through ordinary single loudspeakers and through
multiple reproducers, as well as striking demon-
strations of stereophonic reproductions using two
or three channels.

There were a number of interesting designs in
the Exhibition of tape recorder/reproducers,
notably one with a wide frequency response
suitable for industrial and scientific recording
which uses a 4-stage transistor amplifier on
playback to eliminate mains hum,

September 1955



JOURNAL OF THE BR