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NOTICE OF THE THIRTY-FOURTH ANNUAL GENERAL MEETING

NOTICE IS HEREBY GIVEN that the THIRTY-FOURTH ANNUAL GENERAL
MEETING (the twenty-sixth since Incorporation) of the Institution will be held on WEDNESDAY,
2nd DECEMBER, 1959 at 6 p.m, at the London School of Hygiene and Tropical Medicine,
Keppel Street, Gower Street, London, W.C.1.

AGENDA

1. To confirm the Minutes of the 33rd Annual General Meeting held on 26th November, 1958. (Reported on
pages 693-695 of Volume 18 of Journal dated December 1958).

2. To receive the Annual Report of the Council. (Published on pages 594-613 of this Journal).

3. To elect the President.

The Council is unanimous in recommending the re-election of Professor E. E. Zepler, PH.D., as
President of the Institution for the year 1959-60.

4. To elect the Vice-Presidents of the Institution.
The Council unanimously recommends the re-election of
Air Vice-Marshal C. P. Brown, C.B., C.B.E., D.F.C. Colonel G. W. Raby, C.B.E.
John L. Thompson. Professor Emrys Williams, PH.D., B.ENG.

5. To elect the Ordinary Members of the Council.
The following members retire from Council in accordance with Article 28:

A. D. Booth, p.s.c., PH.D. (Member). F. G. Diver, M.BE. (Member).
Captain A. J. B. Naish, R.N., M.A. (Member). E. W. Pulsford, B.sc. (Associate Member).
A. H. Whiteley, M.B.E. (Companion). Major P. A. Worsnop (Associate Member).

Consequently, vacancies arise for ordinary members of Council as follows:—
3 Members; 1 Honorary Member; 2 Associate Members; 1 Companion.
In accordance with Article 30, the Council nominates: —
(@) Member for re-election; A. D. Booth, D.SC., PH.D.

(h) Members for election: Air Marshal Sir Raymund G. Hart, K.B.E., C.B., M.C., A.R.C.S.;
leuan Maddock, 0.B.E., B.SC.

(¢) Honorary Member for election: Eric K. Cole, c.B.E.
(d) Associate Members for election: D. L. Leete, B.sC.; Squadron Leader W. L. Price, 0.B.E., M.SC.
(¢) Companion for re-election: A. H. Whiteley, M.B.E.

The above nominations for election to the General Council were circulated to corporate members on
16th September. There being no opposition, the above members will be elected to the Council at the
Annual General Meeting,

6. To elect the Honorary Treasurer.
The Council unanimously recommends the re-election of G. A. Taylor (Member).

7. To receive the Auditors’ Report, Accounts and Balance Sheets for the year ended 31st March, 1959.
The Accounts for the General and other Funds of the Institution are published on pages 611-612
of this Journal.

8. To appoint Auditors and to agree their remuneration. .
Council recommends the re-appointment of Gladstone, Jenkins & Co., 42 Bedford Avenue, London,
w.C.l.

9. To appoint Solicitors. .
Council recommends the re-appointment of Braund & Hill, 6 Gray’s Inn Square, London, W.C.1.

10. Awards to Premium and Prize Winners.
11. Any other business. (Notice of any other business must reach the Secretary 40 days before the meeting.)
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THE 33rd ANNUAL REPORT
OF THE COUNCIL OF THE INSTITUTION

The Council has pleasure in presenting the 33rd Annual Report of the
Institution which reviews the proceedings for the twelve months ended 31st March,
1959. The Annual General Meeting will be held on Wednesday, 2nd December,
1959, at the London School of Hygiene and Tropical Medicine, Gower Street,
London, W.C.1, commencing at 6 p.m.

INTRODUCTION

A N Annual Report is judged differently by different readers. It may provide
evidence of progress but yet not be wholly satisfying to everyone. Some may
find in it evidence of opportunities not taken, or even of bad management. In the
latter event, an Annual General Meeting gives democratic opportunity for comment!

An Annual Report is sometimes the only means whereby the recipient may
determine what personal advantage he derives from association with the company
or society. The value of membership of a professional Institution certainly cannot
be assessed wholly in terms of individual return. Nevertheless, in the corporate
sense, the Institution must be judged by the way it fulfills its objects and at the
same time serves the profession.

The formation of new Sections, both at home and overseas, the establishment
of specialized Groups, expansion of the Journal content and of meeting 2rrange-
ments, have all played their part in furthering the objects of the Institution and
providing every possible service to members commensurate with the Institution’s
income.

Provision of working capital is a subject which commands attention in any
Annual Report. An Institution cannot, of course, “raise” capital in the commercial
sense, and the history of all learned societies shows that they tend to lean heavily
upon a comparatively small band of men imbued with enthusiasm for the work of
such Institutions as our own. In its 34th year, the Institution is increasingly able
to show how well it is deserving of such support. The capital need now is for
a building of our own and it is hoped that every member will do what he can to
assist the Finance Committee in meeting this objective.

The Report shows not only how the Institution has discharged its responsi-
bilities to the membership, but also the increasing opportunities for members to
discharge their responsibilities to the Institution. Whilst there may be contention on
how best to achieve our aims, the whole world is alive to the need for more wide-
spread scientific and technical education. The Institution has shown its originality
of outlook, as well as its preparedness to co-operate in the common good. Both as
a “sounding board” and in its ability to initiate new ideas, the Institution provides
opportunity for service to the community as a whole.
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PROFESSIONAL PURPOSES COMMITTEE

Three matters have dominated Committee
proceedings during the year, Firstly, the
strengthening of the Institution’s relations with
its overseas members; secondly, the establish-
ment of specialized Groups; thirdly, considera-
tion of Institution policy not only in the matter
of Conventions, but in regard to participation in
international and national meetings.

Overseas Sections.—During the year senior
members of the Institution from Australia,
Canada, East Africa, India, New Zealand, Paki-
stan and South Africa, visited 9 Bedford Square
and discussed with Officers of the Institution
membership activities in their various countries.

Senior members of the Institution also visited
some of those countries and the Council is most
grateful for the help given in promoting Institu-
tion activities outside Great Britain. In this
connection, particular reference must be made
to the joint endeavours of Mr, Leslic H. Paddle,
a former Vice-President, and Mr. George
Marriott, the Immediate Past President, who
have done so much to promote Institution
activity in Canada. Consequent upon the dis-
cussions which Mr. Paddle had with the Council
during his visit to London in 1958, Mr. Marriott
officially visited Canada on behalf of the Institu-
tion. Arrangements were made for him to meet
members in Toronto and Montreal in May 1959,
in order to examine the possibilities of establish-
ing Sections in these cities and appointing a
Canadian Advisory Committee.

As a result of such work the Council believes
that there will be better opportunity in Canada
for members to take part in the Institution’s
work. This follows the policy initiated some
years ago to provide better contact between the
Council and all members, irrespective of their
place of residence.

Notices have appeared in the Journal regard-
ing meetings of members in countries overseas,
and the facilities which have been provided for
banking arrangements—a service which has
been much appreciated.

The Professional Purposes Committee con-
tinues to keep a close watch on the development
of the Institution’s membership and activities
overseas and particularly in countries of the
Commonwealth,
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Policy on Conventions.—The Committee was
consulted on arrangements for the 1959 Con-
vention. Suggestions had been received advocat-
ing the holding of a commercial exhibition
currently with the Institution’s main Conven-
tion or in association with symposia organized
by local Section Committees. Whilst these pro-
posals had the merit of possibly helping to
defray the cost of such Conventions, the Com-
mittee reiterated the view that it was not the
function of the Institution to be concerned with
the organization of trade shows. Council’s
policy in this matter has been stated in previous
Annual Reports, and further consideration has
not justified any change in that policy.

There are ample opportunities for the profes-
sional engineer in Great Britain to attend the
exhibitions arranged by manufacturers, and the
success of the Institution’s Conventions appears
fully to endorse Council policy.

These considerations do not, however, affect
the arrangements which have always been made
by the Institution for the demonstration of
equipment or apparatus germane to papers
presented at Institution meetings.

International and national bodies.—It has
always been the policy of the Institution to
afford co-operation with any other body or
organization whose work impinges on the pro-
fessional activity of the radio and electronics
engineer—always provided that the purpose of
the organization in question in no way conflicts
with the objects of the Brit..LR.E. In this wise,
the Institution is represented on and actively
supports a number of other bodies.

Radio and electronic engineering has an
increasing impact on other fields of human
activity. Outstanding examples in recent years
have been the setting up of an International
Medical Electronics Conference and a British
Conference on Automation and Computation.

The Institution was one of the original
supporters of the idea that an International
Federation on Medical Electronics should be
formed. In order that British participation
should be truly representative of medical and
engineering interests the Institution’s delegates
to the first International Congress were asked
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to recommend that a British National Com-
mittee be established.*

Subsequently the Institution suggested that a
meeting be arranged between interested profes-
sional engineering Institutions; it was assumed
that the medical interests would confer in a
similar way and that there would accordingly
be a firm basis for the establishment of a British
National Committee on which the Institution
would be represented.

The Council regrets that, despite the approval
given at the International meeting, these
eminently sensible proposals have been
frustrated by <an evasive, nonco-operative
attitude on the part of another professional
Institution concerned.

This has also been apparent in respect of the
Institution’s application for membership of
Group B of the British Conference on Automa-
tion and Computation. Other professional
bodies have shared the view that the Institution
should have been invited to the original discus-
sions which resulted in the formation of this
British Conference. Despite this omission, the
Institution made formal application for mem-
bership on 9th January 1958; an acknowledg-
ment stated that the application would be
considered by an Executive Committee who
would report to the next General Meeting of the
Group, Apparently a General Meeting of the
Group was not held until September 1958, when
the Institution was advised that its application
had been deferred pending consideration of
“ . . . the principles which should underlie the
consideration of applications for membership
of the Group.”

Meanwhile, Council had been informed by
some existing members of the Group that they
wished to see the Institution in membership.
As no satisfactory answer to the Institution’s
application had been received by the end of
November 1958, however, the Council decided
to withdraw its original application.} It was
understood that this withdrawal was to be
referred to the Executive Committee and to the

* See J. Brit.R.E. 18, p. 505, August 1958.

t Much support for the Institution’s decision has
been received from members of the Group. Their
views have been summarized most admirably in the
editorial to Control, September 1959, page 79.
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General Meeting of the Group but at the end of
the Institution’s year no further communication
had been received from the Group Secretariat,

The Council believes that only good can
result from honest interchange of opinion be-
tween organizations having similar interests,
and that no professional Institution need fear
that its influence or standing would decline as a
result of such co-operation. There are many
fields, beginning with education, in which
failure to co-operate with kindred societies can
postpone developments which are greatly in the
national interest.

The Institution firmly believes that little good
will ever be achieved by attempts to create
monopoly of thought and influence. Such an
attitude is not likely to encourage technical pro-
gress which is, after all, a declared object of
every professional body, and a fundamental
point of a Royal Charter—a subject to which
the Professional Purposes Committee has given
much time,

In happier terms there will be found else-
where in this Report] references to the mutually
useful collaboration between the Institution and
group associations which are not wholly con-
trolled by an individual organization.

The Institution’s Building.—During the year
the continued growth of the Institution has
emphasized the inadequacy of the present head-
quarters. As will be seen from the report of the
Finance Committee, members and industrial
organizations have appreciated the urgency of
giving support to the appeal for funds adequate
to provide the building necessary for the expan-
sion of the Institution’s activities.

This support encouraged the Professional
Purposes Committee in recommending to
Council that a suitable site be acquired and that
an architect be engaged to interpret the require-
ments of the Institution. Council therefore
appointed Mr. Darcy Braddell, F.R.I.B.A., as
consulting architect. It is anticipated that before
the next Annual Report members will be
advised of developments regarding the purchase
of a site and plans for the erection of the
building.

In the meantime, the architect’s report and

1 See the Appendices.
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plans are available to any member who is
anxious to further the Council’s endeavours to
see the Institution suitably housed. Indeed, the
enthusiasm and support so far exhibited has
encouraged the Council to produce a booklet
outlining the reasons for the building appeal,
detailing the support received, and incorporat-
ing an interpretation of the architect’s drawings.
Obviously this booklet cannot be sent to all
members but it is available to all those who

wish to make a direct contribution or who are
interested in completing a deed of covenant.

Appreciation.—The Council and the senior
Committee of the Institution continue to express
their appreciation of the work done on behalf
of the Institution by all those members who
serve on Committees, whether local or stand-
ing, and who otherwise assist in the attainment
of the Institution’s objects.

MEMBERSHIP COMMITTEE

In nearly every country of the Common-
wealth the Institution is represented either by a
Section Committee or by a local corresponding
member. Over 1,000 enquiries a year from
prospective members in those countries are now
handled by such Institution representatives.

Enquiries from Great Britain and countries
outside the Commonwealth are dealt with by the
Institution’s secretariat in London, who last
year handled 2,067 enquiries. With this
evidence of continuing interest in the Institu-
tion, it is regretted that only a comparatively
small percentage of enquirers are able to qualify
for membership, Nevertheless, as shown in the

increase in Graduate and higher grade member-
ship as a result of the Committee’s considera-
tion of 863 proposals.

The table does nor include Studentship
Registrations. This year there has been a most
heartening increase in the number of approved
studentship registrations —429 in 1958, com-
pared with 336 in 1957. The number of Stu-
dents qualifying for transfer to Graduate or
higher grade of membership also increased
from 116 in 1957 to 126 in 1958. The loss due
to wastage was 348, and the combined result
was a net loss over the year of 45 registered
students, This compares with a loss of 156 in

following table, the year ended with a further the previous year. There are now 1,857
Elections and Transfers for the year ended 31st March, 1959
(Excluding Studentship Registrations)
Approved
Total H K -
considered ;::,‘::: Member ':,:Zomcl':’c:,e Companion Associate Graduate Total
Direct Elections 453 1 11 95 2 87 150 346
FIEESE (el 405 - 20 126 - 9 103 258
Transfer K
Proposals for
Reinstatements o - . e .
Totals 863 | 1 31 224 2 98 253 609
Losses during the year
Resignation, Removal or 1 8 34 o 44 54 141
Decease
Transfers to other grades — — 19 — 24 8?‘ ) 132 ]
Totals 1 8 53 — 68 143 273
Net gain in membership — 23 171 2 30 110 336
On 31st March, 1959, the Institution had a total effective membership of 5,913.
597
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registered students and the Committee feels
confident that the decline in registrations has
been arrested and that in future new entries will
at least balance losses.

In the corporate and graduate classes the
average yearly increase has been more than
maintained. Over the past four years the cor-
porate membership has increased by 42 per
cent., whilst Graduate membership has
increased by 60 per cent. net. The number of
elections and transfers to the grade of Associate
has, however, decreased in recent years. As
indicated by its name, the class of Associate-
ship affords opportunity for association with the
Institution’s work to those engineers who are
unable to qualify for immediate election to cor-
porate membership. Associates can and do
make a useful contribution to the Institution’s
work as well as benefiting from its proceedings.
Senior members could greatly help the Institu-
tion by drawing the attention of their staff to the
regulations governing the election of Associates,

Future membership, — The Institution’s
strength is largely derived from the quality of its
membership which must in turn start with the
encouragement, and indeed the recruitment of
the right type of student.

In the last Annual Report the Education
Committee referred to the impending dissolu-
tion of the Engineering Joint Examinations
Board which has conducted the Common Pre-
liminary Examination for the last 12 years.
There is every reason to believe that when this
examination ceases in 1960 there will be ample
opportunity in Great Britain for engineering
students to qualify for Studentship by succeed-
ing in the appropriate subjects of the General
Certificate of Education. The same condition
does not apply, however, to students in most
other countries and in consultation with the
Education Committee new regulations are being
framed to cover the registration of students
resident outside Great Britain.

Honours.—Once more the Council has
parucular pleasure in referring to the fact that
members of the Institution were included in
Her Majesty’s Birthday and New Year’s
Honours Lists. Notices have already appeared
in the July 1958 and February 1959 Journals.
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Honorary Members.—Members will be aware
that the Institution had not made any elections
to Honorary Membership since 1956. In
November 1958, the Council adopted a resolu-
tion that Mr. Eric Kirkham Cole, C.B.E., be
elected an Honorary Member in recognition of
his outstanding services to the radio industry.*

List of Members.—The last List of Members
was issued in November 1957 (7th edition).
The costs involved in compiling and publishing
this reference book are high but its value in
promoting contact between members, as well as
in assisting applicants who wish to approach
members for support in sponsoring their pro-
posals, demands regular publication.

To enable the List of Members to be pub-
lished regularly each year, the Council has
entered into arrangements whercby commencing
with the next edition, the cost to the Institution
will be considerably reduced. It will still not be
possible, however, to include registered Students
of the Institution, or to circulate the Year Book
free of charge to Students. It is hoped to circu-
late the 8th edition to all other grades of
membership at the end of November 1959.

In order to maintain the usefulness of this
publication, the Membership Committee
especially urges members to ensure that the
Institution is advised of any change in address
and other relevant particulars. It is also help-
ful for internal records if members will advise
the Institution of any change or promotion in
employment although these details are not
published.

Acknowledgments.— In some parts of the
Commonwealth engineers are required to be
registered by a central authority. Where this
applies the Council is negotiating with the
appropriate body for recognition of the Institu-
tion’s examination and membership. In general,
these negotiations are proceeding satisfactorily.

Such registration is not, however, required in
Great Britain, and membership of the Institu-
tion, as with all similar bodies, is a voluntary
and personal matter. There is, of course, an

* This nomination was subsequently confirmed by
the membership, and Honorary Membership was con-
ferred on Mr. Cole during the course of the 1959
Convention.
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increasing awareness among engineers of the
desirability and advantages of being members
of their appropriate professional body. The
effectiveness and value of an Institution is
largely determined by its strength in member-
ship and the Committee wishes to record its
thanks to all those members who have assisted
by recommending suitable applicants, Many
members have zlso kindly collaborated by
giving frank and confidential references in
respect of new proposals.

The Appointments Registers

For 21 years the Institution has operated an
appointments service, although its effectiveness
in being of service to the membership has
decreased over the years! This is explained by

the continued demand for the qualified radio
and electronics engineer; in most parts of the
Commonwealth the tremendous unsatisfied
demand for such engineers is shown by the
expenditure on advertisements in the technical
and general press. In an advisory capacity the
Institution has, however, been of service to a
number of firms on the matter of promoting
recruitment, especially of the trainee and
student. The problem of helping the older
member to secure employment, particularly the
man retired from the Services, was not so
difficult as originally envisaged.

During the year, 189 vacancies were referred
to the Institution, but it was only possible to
introduce some 54 members who were free for
new employment,

EDUCATION AND EXAMINATIONS COMMITTEE

Twelve months ago Council gave notice of its
intention to divide the work of the Education
and Examinations Committee.* In future the
separate Examinations Committee will be con-
cerned only with the holding of the Institution’s
Graduateship Examination, the assessment of
courses and examinations qualifying for
exemption, and like matters.

The new Education Committee will be more
concerned with the Institution’s policy on
education and training and its first year’s
operation will be included in the next Annual
Report.

The Committee comprises: —

R. H. Garner, B.Sc. (Member), (Chairman).
Principal, Coatbridge Technical College.

Brig. L. H. Atkinson, O.B.E., B.Sc. (Member).
Commandant, R.E.M.E. Training Centre,
Arborfield.

A. P. J. Edwards, B.Sc. (Associate Member).
Principal Scientific Officer, D.S.I.R.

W. A. Gambling, Ph.D., B.Sc. (4ssociate Member).
Lecturer in Electronics, University of South-
ampton.

B. F. Gray, B.Sc. (Member).

Head of Electrical Engineering Dept., Hatfield

Technical College.

W. K. Newson (Associate Member).

Engineering Recruitment Officer, B.B.C.

E. W. Pulsford, B.Sc. (Associate Member).
Training Officer, A.E.R.E., Harwell

Group Captain J. H. Stevens (dssociate Member).
Director of Studies, R.A.F. Technical College,
Henlow.

October 1959

Prof. D. G. Tucker, D.Sc., Ph.D. (Member).
Professor of Electrical Engineering, University
of Birmingham.

The terms of reference of the Committee
are: —

(a) To make recommendations on the academic
and practical training of professional radio
and electronics engineers.

(b) To keep under review the syllabus of the
Institution’s Graduateship Examination, the
entry requirements and the exempting
qualifications.

(¢) To make recommendations on long term
education policy.

(d) To consider the training requirements of
the technician and mechanic in relation to
the needs of the professional radio and
electronics engineer.

(e) To organize meetings of the Institution on
education and training of radio and elec-
tronics engineers and to encourage the pub-
lication of papers in the Journal on this
subject.

As this report is the last which will be given
by the joint Committee, it is opportune to recall
that the Education and Examinations Com-
mittees were merged in May 1943,

The last report of the independent Education
Committee was ‘“Post War Education and
Training.” It was one of the most forward
looking reports ever published by the Institu-

* See Introduction to Annual Report, J. Brit.l.R.E.,
18, p. 565, October 1958.
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tion, anticipating many of the schemes, as well
as curricula of training, now accepted as
commonplace. It reiterated the need for estab-
lishing a Higher National Certificate in Radio
Engineering. The report quoted from a
memorandum lodged by the Institution in
August 1935 with the Ministry (then Board) of
Education!

A joint Education and Examinations Com-
mittee has enabled the Institution to implement
fully the recommendations contained in that
post war report. The Committee’s constant
attention to the syllabus of the Institution’s
examination, and to assessing examinations
which might be accepted as an exempting
qualification, has resulted in authoritative
recognition of the Institution’s contribution to
the development of education and training
schemes suitable for the radio and electronic
engineering profession.

Inevitably the joint Committee has had to
deal with much of its work through Panels.
Whether they have served on a Panel or on the
main Committee, the Institution is indebted to
all those members drawn from the Universities,
Technical Colleges and industry, who have
given so much of their time to work which will
benefit the radio and electronics engineer of the
future.

In all these matters the Council wishes to
emphasize that the Institution’s own Graduate-
ship Examination fulfils two purposes: firstly,
the syllabus and actual examination papers
indicate the minimum requirements for admis-
sion as a Graduate of the Institution; secondly,
it affords a means of qualification to those who
for one reason or another are not able to enjoy
the advantage of a University course or appro-
priate courses in an approved Technical
College. The Institution has played a not incon-
siderable part in stimulating the demand for
amendment to the National Certificate schemes,
and for the provision of suitable courses in
Technical Colleges. 1t is hoped and expected
that there will in future be an increasing
proportion of applicants able to secure exemp-

tion from the Institution’s Graduateship
Examination.
Examination entries and results. —As

members will be aware, some changes were
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made to the structure of the Graduateship
Examination as from November 1956, As from
May 1959 a further requirement is that candi-
dates must take all parts of either Section A or
Section B of the examination at one sitting. For
these reasons there has been a slight decrease
in the number of candidates taking the examina-
tions since 1955, when 1,217 candidates were
admitted to the Graduateship Examination.

The statistics for the May and November
1958 examinations are given below, These
show that the number of passes has been main-
tained, but that the pass percentage is at a much
higher level than it was when entries exceeded
1,100 per year. The introduction of the new
syllabus has therefore achieved its purpose of
ensuring that candidates are far better prepared.
To enable a comparison to be made, the figures
for 1957 are given in brackets.

May November
Entries received ... 425  (509) 392 (385)
Candidates appearing 322 (329) 285 (284)
Candidates succeeding in
parts of Examination 105 (88) 105 95
Candidates who by their
success completed  the
Graduateship Examination 58  (58) 33 (30)

It has always been difficult to present the
examination statistics simply and at the same
time show the actual achievement of candidates.
This is because the regulations have hitherto
permitted candidates to take individual parts of
the examination although they had to take them
in the correct order. With the introduction of
the regulation requiring candidates to take a
complete Section at one sitting, or those parts
required to complete the Section, it will be pos-
sible in the next Annual Report to give a clearer
picture of the examination results and
candidates’ progress.

Exemptions. —535 applications for exemption
from the Graduateship Examination were con-
sidered during the year, Only 170 were granted
entire exemption, but 302 were given partial
exemption.

The Committee has been much concerned in
the past few years with the consideration of
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courses for inclusion in the schedule of exempt-
ing qualifications. In order to assess the training
facilities and the laboratory equipment avail-
able, representatives of the Institution have
visited various Colleges. The Council is most
appreciative of the help given by Institution
representatives who undertake often long
journeys to visit Technical Colleges, Universities
and industrial training establishments,

The Diploma Course of the Automatic Tele-
phone and Electric Company’s School of Elec-
tronics was also approved for exemption. This
Diploma is not included in the published
schedule of exempting qualifications, however,
as the School is open only to employees of a
group of companies. Nevertheless, the Com-
mittee wishes to take this opportunity of con-
gratulating the company on the post graduate
diploma course which they have introduced.
The conception of the course and its high stan-
dard impressed the representatives of the
Institution who visited the college.

Institution representatives also visited the
R.AF. Technical College at Henlow in order to
assess the Engineering Cadet Course which
qualifies for the Higher National Diploma
award. In view of the standard of the Course,
it has been agreed that candidates securing the
Higher National Diploma will be granted full
exemption from the Institution’s examination.

In the last Annual Report the Council paid
tribute to the City and Guilds of London
Institute for the pioneer work it did in encourag-
ing the study of radio engineering. Notice was
then given that with the revision to the City and
Guilds scheme of radio examinations, the
Institution would no longer be able to afford
the same degree of exemption as was given to
candidates who passed the advanced examina-
tions of the old scheme.

The first part of the new scheme of examina-
tion is designed for the technician; it is a little
early to assess the new City and Guilds scheme
from the viewpoint of determining whether any
exemption can be granted from the Institution’s
examination.

The difficulty of considering exemption based
on success in the new City and Guilds examina-
tions will be appreciated when it is realized that
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the new scheme up to the 4th year is only
broadly equivalent to the Ordinary National
Certificate standard. Because of the lower stan-
dard of these new examinations, it appears that
the more capable candidates will prefer to take
the National Certificate courses.

There is, however, an increasing demand for
courses of a higher standard. For this reason,
more Colleges are considering alternative
examinations to those of the City and Guilds of
London Institute as the objective of their
internal courses.

The first college to approach the Institution
with such a proposal was the Southampton
Technical College. The College has proposed
a full-time course with entry at “O” level in
Physics and Mathematics which aims to reach
the Institution’s Graduateship Examination
standard in three years. The Institution has
agreed to assess the final examination papers of
this Course as a basis for admitting successful
students to Graduateship without further
examination.

The Institution is continuing to enjoy co-
operation with an increasing number of tech-
nical colleges; the idea of having full time
courses designed specifically to cover the
Graduateship Examination will no doubt be
extended, at least until there is wider satisfac-
tion with the Higher National Certificate
scheme insofar as it may apply to students of
radio and electronic engineering.

National Certificates.—The Institution has
for many years favoured the establishment of
an Ordinary and Higher National Certificate
scheme in Radio and Electronic Engineering.
It is realised however, that there is a genuine
reluctance on the part of the Ministry of Educa-
tion to allow a multiplicity of courses, The
Ministry would prefer to see an assimilation of
these courses, particularly in the earlier years,
to reduce the number of classes.

The Council of the Institution has appreciated
this point of view and has not wished to force
the issue with regard to the economics of estab-
lishing specialized courses. Thus, the Council
has always pressed for a minimum of adjust-
ment at the Ordinary level and has emphasized
the importance of an earlier introduction of
radio and electronics subjects and for a greater
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total electronic content.  The regulations
governing the curriculum of the Electrical
Engineering National Certificate scheme have
now been amended, thus enabling colleges to
introduce electronics at the S3 year to the extent
of 45 per cent. of the electrical content. Pro-
vided that the right emphasis is placed upon
other subjects in the early years, the Examina-
tions Committee is of the opinion that the
present scheme would satisfy the requirements
of the industry and profession.

The content of the Higher National Certifi-
cate in Electrical Engineering originally con-
sisted of general and power subjects. In 1941
Telecommunications was introduced and since
that time radio and electronics subjects have
been included which meet the Institution’s pro-
posals of 1945. The Institution can certainly
take much credit for this development in the
Higher National Certificate scheme.

Examination Prize Winners.—Council has
confirmed the award of Examination Prizes to
the following candidates who were successful in
the 1958 examinations: —

President’s Prize: K. H. Green (Associate

Member).
S. R. Walker Prize: D. G. Skinner (Student).
Electronics Measurements Prize: [. F. H.
Goult (Associate Member).

The Committee was unable to make any
recommendation for two further awards—the
Mountbatten Medal and the Audio Frequency
Engineering Prize—since no candidates in 1958
were eligible for consideration.

Relations with the Armed Services.—The
Council of the Institution wishes to express
appreciation of the co-operation afforded by
Major General L. N. Tyler, C.B., OB.E.,

Director of Electrical and Mechanical Engineer-
ing, War Office. Consequent upon preliminary
discussions which took place between Major
General Tyler and Officers of the Institution, a
Working Party has been formed to enquire into
the relationship between the Institution’s
Graduateship Examination and the qualifica-
tions required by R.E.M.E. for a permanent
commission.

The Working Party, which comprises repre-
sentatives of the Brit.I.R.E. and R.E.M.E_, has
made an interim report to the Council of the
Institution and to the Director of R.E.M.E. and
a full report on the final agreement will be given
to members in the next Annual Report.

Representation on Advisory Committees.
Appendix 1 to this Report (page 613) gives a
list of the members of the Institution who serve
on Advisory Committees of Technical Colleges
and Local Education Authorities. Council
wishes to record eppreciation of the service
given to the Institution by these members.

Radio Trades Examination Board.—The
Institution has continued its representation on
the Board’s Council and standing Committees
in addition to providing secretarial facilities for
the Board's activities.

A report on the method of conducting
examinations has already been published in the
Journal* and it is hoped that in the near future
the Board will be able to extend its scheme of
examinations into the field of industrial elec-
tronics.

Now that the Board is well established, the
Council of the Institution is considering whether
it is necessary for the Institution to continue its
financial subsidy., This matter is at present
being discussed with the other members of the
Board.

TECHNICAL COMMITTEE

During the last few years the work of the
Technical Committee has been divided into
four distinct sections: preparation of reports;
arrangement of visits; standardization; arrange-
ments for special meetings.

Reports.—The main work of the Committee
is the preparation of technical reports. Such has
been the value of these reports that the Com-
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mittee has been encouraged to extend the two
series which are at present being prepared: (1)
Materials Used in Radio and Electronic
Engineering; (2) Recommended Method of
Expressing Electronic Measuring Instrument
Characteristics

During the year under review one further
report from each of these two series was

* See J. Brit.1.R.E., 19, pp. 189-194, March 1959.
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published; Magnetic Materials—August 1958,
and Cathode Ray Oscilloscopes—January 1959.
Six reports have thus now been published under
the series “Materials used in Radio and Elec-
tronic Engineering” and two sections of the
“Method of Expressing Characteristics of Elec-
tronic Instruments” series. Other reports
planned under the first series are:—

No. 7 Insulators other than Plastics and
Ceramics.
No. 8 Paints, Varnishes and Finishes.
No. 9 Wires and Coverings.
and the second series will include the following

subjects : —
No. 3 Valve Voltmeters.
No. 4 Low Frequency Generators.
No. 5 A.F. and R.F, Bridges.
No. 6 Stabilized Power Supplies
No. 7 Wave or Distortion Analysers.

Work is proceeding on six of these reports,
two of which have reached the final draft stage,
and are now being circulated to other interested
organizations for comment before publication.

The Committee takes this opportunity of
thanking the many members who have given
their time to the preparation of initial drafts,
and the manufacturers who supplied and
checked much of the information contained in
the series on Materials.

Visits.—A regular feature of the Committee’s
activities and one that is welcomed by members
is the arrangement of visits of technical interest.
The scope of these visits was extended consider-
ably during the year and included the Radio
Research Station, Slough; Southern Air Traffic
Control Centre and London Airport; Vauxhall
Motors; National Physical Laboratory; and the
B.B.C. Technical Receiving and Measurements
Station at Tatsfield, The Committee is at
present arranging a series of visits to transistor
factories.

One of the difficulties in arranging these visits
is the limitation on the number of members
who can usefully take part. The establishments
appropriate for visits do not always lend them-
selves to large numbers; the type of visits that
the Committee always has in mind is the well
organized, small party visit, provided with a
technical guide, so that members attending can
derive the maximum professional benefit.

October 1959

The British Standards Institution. — Any
member who has had direct connection with
B.S.I. Standards Committees and with Stan-
dards work in general, will know of the arduous
nature of this work and the attention to detail
which has to be given. Standards and specifica-
tions play an important part in the life of the
professional engineer. It is often difficult to get
agreement, but when agreement is reached and
support obtained, the Standard is of vital con-
cern to all members engaged in the industry.
The Council is therefore, particularly grateful
to those members who accept nomination to
serve as Institution representatives on B.S.L.
Committees. A list of representative members
is given in Appendix 2 to this report.

There have been developments in the fields
which are of particular interest to members.
One is the consideration by the International
Electrotechnical Commission of the Institu-
tion’s recommendations on Methods of Express-
ing the Characteristics of Signal Generators.{
These recommendations are now before the
B.S.I. Sub-Committee concerned with preparing
standards.

In connection with the general subject of con-
templated international Standards for Electronic
Measuring Instruments is to be noted the setting
up of two new B.S.I. Sub-Committees. These
Sub-Committees (TLE/8/3 and TLE/8/4) will
prepare draft Standards on Signal Generators
and on Valve Voltmeters; the Institution is
represented on both sub-committees.

Action is also being taken by the British
Standards Institution to prepare one single Stan-
dard of graphical symbols to cover both elec-
trical and telecommunications work, namely, to
reconcile and combine B.S.108 and B.S.530.
Many members who have had experience in
both these fields will know of the contradictory
symbols which exist. This effort by B.S.I. to
produce a unified set of symbols has the full
and active support of the Institution.

Technical Meetings.—In previous years the
Technical Committee has co-operated with the
Programme and Papers Committee in arranging
some meetings of the Institution., With the for-
mation of the Specialized Groups the Com-

+ J. Brit.l.R.E., 18, pp. 7-16, January 1958.
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mittee is no longer required to give so much
assistance in this direction. Consequently more
time can be given to its main work in standards
preparation, etc.

The Committee continues, however, to help
any other Committee which requires specialized
advice. For example, it co-operates with the
Examinations Committee in the setting of the

Students Essay, with the Convention Committee
when the occasion demands, and with the Group
Committees when their work touches upon Stan-
dards and related topics. Through all these
activities it is the aim of the Committee to
ensure that the technical standards at both
institutional and national level are continuously
under constructive review.

LIBRARY COMMITTEE

Library Handbook.—All members, both at
home and overseas, received a copy of the hand-
book, “Library Services and Technical Infor-
mation for the Radio and Electronics Engineer,”
which was published in November. This
proved to be a useful reference and has been
much appreciated by members, libraries, pro-
fessional associations, industrial organizations,
and other interested bodies. Although it was
anticipated that the handbook would lead to a
very much wider use of the Library, the
increased interest surpassed expectations. Many
members who had not previously used the
Library now borrow books regularly and use
the information service. Several enquiries have
been received from overseas members. Although
members outside the United Kingdom are not
able to borrow books, all other library services
are at their disposal.

There has also been an appreciable increase
in postal loans; during the year 364 books were
loaned, compared with 165 in the previous year.

The section of the handbook dealing with
accessions to the Library will be kept up to date
by the regular publication of supplements, two
of which have already been issued.

The Library Committee wishes to record
thanks to all who assisted in the compilation of
the handbook, in particular, Messrs. L. W.
Meyer and F. G. Diver (Members), Mr. S. G.
Willby (Press Officer, B.S.I.),, the Ministry of
Supply (R.C.S.C.), and the Secretaries of the
international organizations and committees,
who supplied information on the “aims, objects
and functions” of the groups in their own
particular spheres,

Translation Service.-—As a result of a notice
which appeared in a library supplement, a list
of technical translators has been compiled.
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Several members have offered their services and
translating facilities are available in six langu-
ages (German, Dutch, French, Russian, Hun-
garian and Spanish).

Radio Engineering Overseas.—Through this
regular feature in the Journal members are kept
informed of papers appearing in overseas
periodicals which are received in the Library.
Whilst the abstracts are translated, the papers
themselves are in the language of the country
of origin. Many requests for the loan of such
journals are received, however, and if required,
the Translation Service referred to is available.

Co-operation with other Libraries.—A large
number of enquiries are received from libraries
in industry, public libraries, and other informa-
tion organizations, in this country and overseas.

Library Fines.—In an effort to ensure the
prompt return of books, a system of fines was
started in December 1958. A charge of Is. is
made for each week a book is overdue. This
step has resulted in a greater turnover of books
and consequently more members are able to
borrow the books which are in greatest demand,

Accessions.—The problem of housing the
books and periodicals persists and the Council
is anxious to provide more spacious reference
and reading sections for the visitors to the
Library. The re-organization of the Library in
1957 however, enabled space to be found for
the acquisition of 133 new books as well as
additional periodicals.

The Library now regularly receives 161
periodicals originating from 25 countries.
Additional periodicals taken during the year
included Transactions of all the Professional
Groups of the Institute of Radio Engineers of

Journal Brit.l. R.E
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America. Previously requests for these Tran-
sactions had to be passed on to other libraries,
very few of which subscribe to all parts.

Other new subscriptions or exchanges
arranged during the year were for 12 periodicals
from the following countries: Czechoslovakia,
Great Britain, Holland, Roumania, Japan,
Pakistan, and Scandinavia.

Acknowledgments,—The Committee wishes
to thank members who have presented books

and periodicals to the Library. The contribu-
tions from Messrs. M. T. Mason (Associate
Member), W. K. Newson (Associate Member),
N. S. Bakhshi (Graduate), and E. T. Mallory
(Student), were especially welcome.

Thanks are also due to publishers in this
country and abroad who have supplied new
technical books which have been reviewed in
the Journal and placed in the Institution’s
Library.

PROGRAMME AND PAPERS COMMITTEE

Although mainly concerned with arrange-
ments for the general meetings of the Institution
and the examination of papers submitted for
publication, the Committee also submitted pro-
posals for the 1959 Convention and made
recommendations to the Council on the
formation of Specialized Groups.

During the year the detailed arrangements for
the 1959 Convention were handled by a
specially appointed Convention Committee
under the Chairmanship of Mr. V. J. Cooper,
B.Sc. (Member). Since this Report is circulated
after the 1959 Convention, Council feels sure
that the entire membership will wish to thank
the Convention Committee for the work done
in ensuring such a successful Convention, the
results of which properly fall into next year’s
Report.

The activities of the Specialized Group
Committees are reviewed separately in this
Annual Report.

Section Activity.—The youngest of the
Institution’s Sections—the South Western Sec-
tion—has now had its first full session of meet-
ings and the five meetings held in Bristol were
exceedingly well supported. Altogether, forty-
nine meetings were held by the eight Sections
in twelve different centres.

Further expansion of the Institution’s activi-
ties throughout the country is planned; it is
particularly hoped that a Section will be formed
in Southern England, based on Southampton
and Portsmouth. Council is also considering
arranging occasional meetings in areas where
the general concentration of members does not
justify the establishment of a permanent Sec-
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tion. In general, the Council only favours such
arrangements where the area in question is
adjacent to an existing and established Section.

Further afield the Sections in India, New Zea-
land, Pakistan and South Africa are to be con-
gratulated on the way they continue to hold
meetings which attract engineers from long dis-
tances. The full benefit of such activities both
to the Institution generally and to the local
members will depend on the increasing extent
of the electronics industry in those countries.
The extension of the Institution’s activities to
another country of the Commonwealth by the
establishment of a Canadian Advisory Com-
mittee, is especially welcomed since one of its
main objects will be the arrangement of
meetings in Toronto and Montreal.

In London, 17 meetings were held during the
1958/9 session. An innovation was the inclu-
sion of two half-day Symposiums, the first of
which dealt with Radio Telemetry, and the
second covering Large Capacity Storage
Devices. Both these meetings attracted an
attendance of over 180; all other meetings had
an average attendance of 103.

Conference of Local Section Chairmen.—
Although the Chairman of local Sections are
ex-officio members of the Council, it is con-
sidered advantageous to continue holding a
special meeting of Section representatives at
least once a year. This not only provides oppor-
tunity for the full ventilation of Section views
and activities, but also ensures that local Com-
mittees are familiar with Institution policy on a
wide variety of subjects,

In addition, such conferences enable the
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maximum help to be given to local Sections in
arranging meetings best suited to the needs of
the Section membership.

The Journal.—Both in content and in
circulation the Journal continues to grow. The
1958 Volume contained 748 pages and included
papers covering nearly all branches of radio
and electronic engineering.

From notices which have appeared in the
Journal members will know that in order to
provide an authentic figure of circulation the
Institution subscribes to the Audit Bureau of
Circulation. By the end of the year, the Bureau
Certificate confirmed that the circulation was in
excess of 7,000 copies per month. This is not,
of course, the final circulation figure of every
issue, but is based on the A.B.C. formula as
applied to newspapers and other journals.

Members have responded weil to the sugges-
tion made in the last annual report that those
in a position to do so should recommend to
their companies that the Brit.I.LR.E. Journal be
used as an advertising medium. More assistance
is necessary, however, if the increase in publish-
ing costs which will inevitably result from the
settlement of the recent printing dispute, are to
be met without reducing the size of the Journal.

Consideration of Papers.—A record number
of papers was submitted during the year. Even
more satisfactory is the fact that the standard
of papers has not fallen with the increasing
number submitted. It can fairly be claimed that
this high standard of papers is due to one or
both of two factors. Firstly, the Journal has
become widely known among engineers in
Great Britain and overseas as one of the most
appropriate media for the publication of
original papers on radio and electronics.
Secondly, the Institution’s leaflet “Guidance for
authors of Journal papers” has been of great
help to both experienced and novice authors
in the preparation of their manuscripts in a
form suitable to the Journal.

In the last Annual Report, it was forecast
that Volume 18 of the Journal would contain
a record number of papers from radio and elec-
tronics engineers overseas. Approximately 25
per cent. of the papers published were by over-
seas authors, the countries of origin including
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Canada, Holland, India, United States of
America, and Western Germany.

Iustitution Premiums.—At the request of
Council the Committee has been considering the
terms of reference of present Institution Pre-
miums, and of four new Premiums which will
be awarded annually from 1959.

Three of these new Premiums—the Charles
Babbage, Lord Rutherford, and Arthur Gay
Premiums—have been endowed to cover the
increasing scope of the papers published in the
Journal. The fourth—the Hugh Brennan Pre-
mium—has been endowed by a former Chair-
man of the North Eastern Section for an out-
standing paper published in the Journal by a
member of that Section. Details of these Pre-
miums and the terms of reference were pub-
lished in the February 1959 Journal.

Council approved the award of six of the
existing nine Premiums for 1958 and details
have been given in the July 1959 Journal.

Co-operation with the Australian L.R.E.—
The Council of the Institution was again asked
by the Australian Institution to adjudicate on
the award of the Norman W. V_ Hayes
Memorial Medal. The paper by W. D. Mee-
wezen on “Some Aspects of Permeability Tun-
ing,” which was published in the August 1957
issue of the Proceedings of the [.R.E.Aust. was
selected for the Award. Under the mutual
arrangements which exist between the two
Institutions, the paper was reprinted in the
January 1959 issue of the Brit.l.R.E. Journal.

The Christopher Columbus Prize.—Members
will recall the establishment of the Christopher
Columbus Prize by the City of Genoa.* This
year the Prize is to be awarded in recognition of
the most outstanding work in the field of
communications.

Once again the Council of the Institution has
been invited by the City of Genoa to make
nominations for the award. The Council has
unanimously recommended that the award
should be given to those chiefly responsible for
the initiation of Eurovision.t

* The terms of reference of this international award
were published in J. Brit.l.R.E., 15, p. 334, July 1955,

t The last award in telecommunications was to
British and American engineers responsible for the
Transatlantic Telephone Project, J. Brit.l.R.E., 16,
p. 63, July 1956.
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Selected Abstracts.—A revised edition of
“Selected Abstracts from the Journal of the
BritI.R.E. 1946-1958” was produced during
the year. Once again this reference book has
proved of great value to members, libraries,
and to other readers of the Journal. 1t is
intended that these Abstracts will be kept up-
to-date by the issue of supplements at
approximately half yearly intervals.

Acknowledgments. — The Council records
thanks to the authorities of Universities, Tech-

nical Colleges, etc., who have provided facilities
for Institution meetings. Particular appreciation
is expressed to authors who have presented
papers, to the organizations who have provided
demonstration and other equipment, and to
members who have given opinions on the suit-
ability of manuscripts for publication.

The Council is also appreciative of the co-
operation afforded by the editors of many tech-
nical and scientific journals who have included
in their publications notices and reports of
Institution meetings and other activities.

REPORT OF GROUP ACTIVITIES

For the first time an Annual Report of the
Institution deals separately with the activities of
the Specialized Groups.* Three of these Groups
have been active during the year and Council
will be reporting to the membership at a later
date on the appointment of further Groups.

Medical Electronics Group.—The reference
work “J. Brit.[.R.E. Abstracts” shows that the
Institution had promoted a number of useful
meetings and papers dealing with the applica-
tion of electronics to biological research. Under
the stimulus of the proposal made in 1958 to
form an International Conference on Medical
Electronics, it became obvious that a specialized
Group of the Institution would provide the best
means of covering the interests of many mem-
bers of the Institution engaged in this particular
branch of radio and electronics, as well as pro-
viding a specialized Committee which would
advise in the matter of international and
national representation.

The first meeting of the Medical Electronics
Group was held in January 1959, and the
Institution was honoured by Professor A. V.
Hill, OM., FR.S., giving the Inaugural
Address.

The Group Committee has since suggested
proposals for a discussion on standardization
which may be particularly applicable to this
new and growing field, The Committee also

* Full details and terms of reference of these
Groups, together with the membership of the Group
Committees, will be included in the next issue of the
LlStd of Members to which reference has already been
made.
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devoted time to suggesting papers which would
be of particular interest in the programme of
the 1959 Convention.

iOne of the purposes of the establishment of
this Group Committee is to render every pos-
sible assistance to the Institution in the forma-
tion of a National Committee in Great Britain
which will adequately represent medical, bio-
logical, scientific and engineering interests. It
has been proposed that, under the aegis of the
international body, a Conference shall be held
in London in 1960. Through the Medical Elec-
tronics Group of the Institution, the Council is
anxious to ensure that the Conference shall be
successful and worthy of Great Britain as hosts.

Computer Group.—Computer technology has
formed an integral part of the Institution post-
war activity and was a feature, of course, in
the 1954 Convention. Here again, the growing
interest of the membership in this field is best
served by the establishment of a specialist
Group. The formation of this Group was
largely inspired by a member of the Council,
Dr. A. D. Booth, and his Inaugural Address as
Chairman of the Group attracted wide attention,
A subsequent symposium arranged by the
Group Committee attracted an audience of well
over 180.

Arrangements for holding meetings have
obviously necessitated co-operation with the
main Programme and Papers Committee, of
which Dr. Booth is also Chairman. From the
programme of meetings already arranged for
the 1959/60 session, it is apparent that the
Computer Group will certainly be most active.
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Radar and Navigational Aids Group.—Here
again Institution activity is reflected in the
composition of a Committee responsible for
ensuring that the interests of members engaged
in this particular field are met.

The Group Committee has been concerned
with arranging a programme of meetings and
has also discussed with other Committees the
matter of standards and the training required
for technicians employed in the manufacture
and maintenance of radar and navigational aids
equipment. Due to the crowded programme at
the end of the 1958-9 session, it was not possible
to include the inaugural meeting of this Group;
this will be held in October 1959.

General—As a professional Institution
develops and the engineering applications in
which its members are engaged increase, it be-
comes very necessary to ensure that there should
be sufficient opportunity for members with
specialized interests to meet on common
ground. As indicated in the last Annual Report,

the Council intends to extend the establishment
of specialized Groups. Meanwhile, it has been
agreed that for the present time the idea of
forming a Group on Missile Technology and a
request for a platform for discussion on the
“promotion of new music” shall be abandoned.
The Council does intend, however, to establish
a Group interested in Audio Engineering which
may possibly consider it worth while to hold a
special meeting to discuss “new music.”

There is also a proposal that the Institution
might devote more attention to the subject of
“Quality Control.”> For the present, it is felt
that meetings on this subject might well be the
subject of a joint arrangement with other
Institutions, as for example with the Institution
of Production Engineers. The Programme and
Papers Committee has been asked to examine
this suggestion.

Finally, the Council wishes to emphasize that
whilst Groups are obviously established pri-
marily for the participation of members engaged
in that particular branch of science, all members
are welcomed at Group meetings.

FINANCE COMMITTEE

The year’s work for the Institution, in the
financial sense, is shown by the audited
Revenue Account and Balance Sheet appended
to this Report.

Income.—Whilst all sources of income
increased, it will be obvious that the rate of
increase of revenue is the main concern of the
Committee. It has inevitably led to a review of
the present rates of subscription in relation to
the services provided for members.

Members will be pleased to note the increased
allocation to the Building Appeal as a result of
further industrial donations.

All other items of revenue show an increase,
with the exception of life subscriptions, In this
connection, members are reminded that they
may compound their annual subscriptions in
one single payment, which can be used by the
Institution for capital investment.

Whilst it is not the intention of the Council
to call an immediate Extraordinary General
Meeting for the purpose of revising the Articles,
some comments from the membership on the
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question of increasing subscriptions would be
welcomed. The Council would not favour, for
obvious reasons, any increase in the subscrip-
tions paid by registered Students and Graduates.

Members have, of course, already benefited
by the decision of the Chancellor of the
Exchequer to allow subscriptions to the Institu-
tion as a deduction from emoluments assessable
to income tax.*

In matters necessitating direct discussions be-
tween the Government and scientific bodies, the
Parliamentary and Scientific Committee, of
which the Institution is a founder member, is
always helpful. The Council is grateful, there-
fore, to the Parliamentary and Scientific Com-
mittee for the representations made to the
Chancellor of the Exchequer in regard to tax
relief on professional subscriptions,

Expenditure.—The full impact of the October
1957 increase in postal charges became effective
during the past year. Additional postage,

* See J. BritI.R.E., 18, p. 581, October, 1958.
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including the despatch of Journals, List of
Members, etc., added nearly £900 to the
Institution’s costs on this item alone.

The Parliamentary and Scientific Committee
has again been most active in presenting to the
Postmaster General the views of many profes-
sional bodies that postal rates on scientific
Journals should be reviewed. There are obvious
difficulties, however, and for the present it is
unlikely that there will be any abatement of
these heavy costs,

The percentage increase in administration
expenses is low, bearing in mind the growth of
the Institution and the fact that costs coming
under this heading mainly reflect increases
which in general are beyond the control of the
Committee.

The largest increase in expenditure has been
incurred in connection with Institution publica-
tions. Some part of this increase is due to a rise
in printing costs, but the main reason lies in the
considerable increase in the quantity of printed
information circulated to members, including
the expansion of Journal content. In comparing
these costs with those of the previous year, it
must also be borne in mind that a revised issue
of the “List of Members” and “Technical Infor-
mation and Library Catalogue” were published
and despatched without charge to all members
other than registered Students.

Institution Headquarters. — Although the
Institution has many problems, none exceeds in
difficulty that of headquarters accommodation.
The lesser difficulty—acute though it may be—
is that of adequately accommodating the staff
necessary for the maintenance and expansion of
Institution activities. The greater problem is the
limitation imposed on the holding of members’
meetings because of the lack of adequate facili-
ties, principally that of a lecture theatre. The
solution of this problem holds the key to future
Institution expansion and usefulness to its mem-
bers and to the profession. As already reported,
therefore, the Council has decided to commence
negotiations for a building site.

The acquisition of the capital necessary to
purchase a site and building, however, is a slow
process. The Council is indebted to those mem-
bers who have given their support to the project
and to the following companies who have
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helped to launch the Building Appeal with
donations of £500 or more: —

Associated Television Ltd.
Broadcast Relay Services Ltd.
E. K. Cole Ltd.

A. C. Cossor Ltd.

Curry’s Ltd.

Decca Record Company Ltd.
Electric & Musical Industries Ltd.
Erie Resistor Ltd.

A. H. Hunt (Capacitors) Ltd.
Marrison and Catheral] Ltd.
Mullard Ltd.

Pye Ltd.

Radio and Allied Industries Ltd.
Tannoy Products Ltd.

J. Langham Thompson Ltd.
Whiteley Electrical Radio Co. Ltd.

Members who can contribute, or influence
contributions to the building project are invited
to give it their urgent attention and support.

Meanwhile, the cost of maintaining the
present Institution building is increasing; here
again the Finance Committee wishes to place
on record appreciation of the efforts being made
by the Parliamentary and Scientific Committee
to secure a reduction in the rating assessment
on premises used by scientific associations,

Balance Sheet.—The Institution’s liquid
Assets show a considerable increase, largely due
to the extra monies now scheduled (2) as invest-
ment against the future purchase of a building.
For this purpose it is considered expedient to
have money on short call.

The Accounts show that cash donations to
the Building Appeal now total £20.664. This
does not, of course, include the amount out-
standing under deeds of covenant and which,
as at the 3lst March 1959, brought the total
donations to over £40,000.

Overseas Accounts.—It will also be seen that
the financing of the Institution’s operations
overseas is facilitated by having overseas bank-
ing accounts; in subsequent years it is antici-
pated that the credits in those bank accounts
will be substantially increased. Whenever
necessary, however, such monies may be
recalled for reduction of the liability with the
Institution’s main bankers.
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Library Account.—Comment has been made
in earlier years on the desirability of the re-
valuation of the Institution’s Library which,
together with other equipment owned by the
Institution, has always been subjected to an
annual depreciation charge. The Library figure
does not, therefore, truly represent the cost of
replacement or indeed the value of the Library,
and the Finance Committee believes that an
early opportunity must be made for providing
members with some factual report on the
Library Asset.

General.—The Finance Committee is pleased
to issue this report and Accounts which show
continued progress, and believes that the mem-
bership as a whole will appreciate the impor-
tance of the points which have been made. The
Council asks for co-operation in the efforts

designed to place the Institution’s finances on a
basis which will enable planned developments
to be made in the near future.

CONCLUSION

An Annual Report of an Institution must
necessarily survey all the activities which come
under the heading of the various standing Com-
mittees. The Council believes that the foregoing
Report is evidence of the enthusiasm which
attends the continued progress of the Institution.

All this work would be incapable of
accomplishment were it not for the confidence
which the Council is able to place in the per-
manent staff of the Institution. The Council
feels sure that it reflects the view of the mem-
bership in expressing appreciation of the staff’s
implementation of Council policy.

INVESTMENTS AT COST 31st MARCH, 1959

SCHEDULE (1)

INVESTMENTS—GENERAL FUND

200 0 0

£200 39, Savings Bonds 1960/70
£800 49, Consolidated Stock o0 71215 6
£600 49, British Transport Guaranteed Stock 1972/77 544
—— £1,456 16 10
(Market Value 31st March 1959, £1,278 0s. 0d.) _—
SCHEDULE (2) INVESTMENTS—BUILDING APPEAL

£1,400 49, Consolidated Stock 1,219 0
£1,700 349, War Loan 1,274 3
£800 39, British Electricity Guaranteed Stock 597 0
£2,900 49, British Transport Guaranteed Stock 1972 77 2641 12 5
£100 69, Associated Electrical Industries Debenture Stock

1978/83 . 50 .. 98 10 0
1,000 Units Orthodox Umt Trust 574 18 6
250 Units A.E.G. Unit Trust 136 19 0
£1,000 3% Exchequer Stock 1962/63 947 17 11
£1.000 39, Exchequer Stock 1960 o 1,001 6 3
£1.000 Government of the Federation of Rhodes:a and Nyasa-

land 6°, Stock 1978/81 . . 988 0 1

(Market Value 31st March 1959, £8,988 16s. 2d.) 9480 0 §

Halifax Building Society ... 4208 2 3
Balance at Bank

7,178 14

£20,866 16 10

The General Account and Balance Sheet is shown on pages 611-612
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THE BRITISH INSTITUTION OF RADIO ENGINEERS

GENERAL ACCOUNT

BALANCE SHEET AS AT 31st MARCH, 1959

1958

RESERVE ACCOUNT:
Excess of Income over Expenditure

Balance at 1st April. 1958 ... 4.834 13 3
Add Surplus for the Year 3544 11 0
4,835 —_— - 8,379 4 3
CURRENT LIABILITIES :
3,930 Sundry Creditors 4946 110
Subscriptions and Examination Fees
3,623 in Advance ... 5158 8 7
16,660 Bank Overdraft . 17,749 0 7
_— — 27,853 11 0

Signed : E. E. ZEPLER (President).
J. L. THOMPSON (Chairman of Finance Committee).
G. A. MARRIOTT (linmediate Past President).
G. A. TAYLOR (Honorary Treasurer).
G. D. CLIFFORD (General Secretary).

£29.048

£36,232 15 3

1958
£ £ s d £ s, d,
FIXED ASSETS:
Office Furniture and Fittings at cost 6,950 10 0
Less Depreciation to date ... 3485 10 0
3.285 3465 0 0
The Louis Sterling Library at cost ... 1905 14 4
Less Depreciation to date ... 894 14 4
852 —F 1,011 0 0
INVESTMENTS AT COST:
1,457 See Schedule (1) on page 610 1,456 16 10
BUILDING APPEAL:
16,145 See Schedule (2) on page 610 20,866 16 10
CURRENT ASSETS:
Stock of Stationery, Journals and
3,704 Examination Papers at Valuation 4,040 15 11
555 Income Tax Repayment Claim ... 499 8§
2.326 Sundry Debtors 3.158 7 1
Sections—Balances at Bank and in
109 Hand 316 18 11
594 Balances at Banks Overseas ... 1,383 18 0O
21 Cash in Hand ... 3313 5
——— 9433 1 7
£29,048 £36,232 15 3

REPORT OF THE AUDITORS TO THE MEMBERS OF THE BRITISH INSTITUTION OF RADIO ENGINEERS

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 thc above Balance Shect and annexed Income and Expenditure
Account which are in agreement with the books of account. In our opinion and to the best

42, Bedford Avenue, London, W.C.1.
18th August. 1959.

of our information and according tc_the explanations given to us. the said accounts give the
information required by the Companies Act. 1948, in thc manner so required. The Balance
Sheet gives a true and fair view of the s:ate of the Institution's affairs as at 31st March, 1959,
and the Income and Expenditure Account gives a true and fair view of the Excess of Income over
Expenditure for the year ended on that date.

GLADSTONE. JENKINS & CO.

Chartered Accountants, Auditors.



GENERAL ACCOUNT
INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 3ist MARCH, 1959

1958

10,167
435
1.486
1.100

794
564
553
15
445

180
1,651
441

625
185

6,451
1,430
176
213
451
493
106
662
495
778

197
83

364
95

4,358

£2< 13

1958
£ s. d £ s. d £
Administration Expenses: 19.885
Salaries and State Insurance ...11,120 5 7 —
Pension Scheme ... .. 450 0 11 2,697
Postage and Telcplwne 1.857 8 S 1.554
Printing and Stationery 1,132 11 1 2.072
Travelling and Entertaining 1.321
Expenses . ... 7197 0 6 5,627
Delegates Expenses 386 12 4 347
Council and Conunittee E\pemes 672 8 4 1,617
Audit Fees 150 0 O
Bank Interest and Churge.\ 559 8 1
Legal Expenses . 5210 O
Sundry Expenses 173 18 9
= ——17352 4 0
Institution Premises:
Rent, Rates and Insurance (Net) 1, 745 19 4
Lighting and Heating ... . 31
Office Expenses and Clemung 764 10 9
Repuirs ... S12 0 6
3,494 13 8
Institution’s  Journal, List of
Members, Library and Reports:
Printing and  Publishing less
Advertising Receipts ... . 9811 9 3
Postage ... 1,865 0 6
Envelopes and Wrappers 125 8 0
— 11,801 17 9
Convention Expenses (Ne?) 536 17 2
Examination Expenses:
Printing Papers and Regulations 599 16 6
Examiners' and llzv:gllatw.s Fees
and Expenses ... 532 11 11
Hire of Actommodamm 87 17 ©
——— 1,220 5 S
Section Expenses:
Printing, Stationery and Postage 413 18 7
Hire of Accommodation, etc. ... 723 2 1
Travelling Expenses and Sub-
sistence .. .. 1,032 10 4
— 2,169 11 0
Grants to other Institutions 378 15 O
Premiums and Awards 130 4 7
Depreciation :
Office Furniture and Flmngs ... 3851210
Library 111 10 11
= — 497 3 9
Excess of Income over Expenditure
Carried to Reserve Account 3544 11 0
FA1 1794 2 4 351790

Subscriptions received including Arrears
Life Subscriptions ... .
Building Appeal Donatlons

Donations from Industry ...
Examination and Exemption Fees
Entrance and Transfer Fees

Sales of Publications, etc. ...

Interest on lnvestments (Gross)

Radio Trades Examination Board Secretarlal Charg'e.s. 1,758 6

£ s d
.21,958 16 10
4931 8 2

. 1,773 8 8
2252 2 4
1,804 9 4
6,224 19 7
422 11 9

8

£411796 3 4



Appendix 1. Institution Members who serve on Advisory and Further Education Committees
of Technical Colleges

Birmingham College of Advanced Technology:
Governor and Member of Engineering Advisory
Committee
PROFESSOR D. G. TUCKER, D.SC. (Member).
Borough Polytechnic, London: Governor
D. TAYLOR, M.SC., PH.D. (Member).

City of Birmingham Further Education
Sub-Committee :

Electrical Engineering Advisory Committee
R. A. LampitT (Member).

City of Nottingham Education Committee
F. W. Hopwoobp (A4ssociate Member).
Croydon Technical College:
Electrical Engineering Advisory Committee
G. A. TAYLOR (Member).

East Berkshire Technical College:
Electrical Engineering Advisory Committee
F. G. DIVER, M.B.E. (Member).

Erith Technical College: Governor
R. G. D. HoLMES (Member).
Flintshire Technical College:
Engineering Advisory Committee
PrROFESSOR M. R. GAVIN, M.B.E., D.SC. (Member).

Loughborough College of Technology: Governor
AIR CoM. W. C. COOPER, C.B.E., M.A. (Member).
North Gloucestershire Technical College,
Cheltenham: Science Advisory Committee
F. BUTLER, B.sc. (Member).

North West Wiltshire Technical College, Swindon :
Engineering Advisory Committee
H. HunT (Member).

Appendix 2. Institution Representatives

ELE/TLE/2 Graphical Symbols for Electrical
Engineering and Telecommunications.
F. G. Diver, M.B.E, (Member).
Terminology and Symbols for Tele-
communications.
F. G. Diver, M.B.E, (Member).
TLE/1/1 Nomenclature and Letter Symbols
for Telecommunications.
To be appointed.
Radio (including Television) Receivers.
F. T. Lett (Associate Member).
TLE/2/3 Receiving Aerials.

A. Brown (Associate Member).

TLE/1

TLE/2

TLE/3 Radio (including Television) Trans-
mitters.
J. R. Brinkley (Member).
TLE/4 Components for Telecommunications
Equipment.
M. H. Evans (4ssociate Member).
TLE/S Electronic Tubes.

G. R. Jessop (Associate Member).

October 1959

Norwood Technical College:
Advisory Committee Physics
E. D. HART, M.A. (Associate Member).

Norwood Technical College:
Advisory Committee Telecommunications
Engineering
E. M. LEE, B.sc. (Member);

D. A. E. BARNES (Associate Member).

Nottingham and District Technical College:
Joint Education Committee
AIR CoM. W. C. COOPER, C.B.E., M.A. (Member),
(Chairman).
Oxford College of Technology and Commerce:
Science Advisory Committee
E. W. PULSFORD, B.SC. (Associate Member).
Redhill Technical College: Governor
G. A. TAYLOR (Member).
Rugby College of Engineering and Technology :
Governor
PROFESSOR D. G. TUCKER, D.SC., PH.D. (Member).
Rutherford College of Technology,
Newcastle-upon-Tyne :

Electrical Engineering Advisory Committee
PROFESSOR E. WILLIAMS, PH.D., B.(ENG.), (Member);
J. BILBROUGH (Associate Member).
Southampton Technical College: Governor
PrOFESSOR E. E. ZEPLER, PH.D. (President).

South East London Technical College :
Electrical Engineering and Applied Physics
Consultative Committee
S. R. WILKINS (Member).

on Technical Committees of the B.S.l.
TLE/8 Instrument and Test Equipment for
Telecommunication.
S. R. Wilkins (Member).
TLE/8/3 Signal Generators.

R. A. H. Gooday (Associate Member).

TLE/8/4 Electronic Instruments for Voltage
Measurement.
D. L. A. Smith (Associate Member).

TLE/9 Aircraft Radio Equipment.

J. D. O’Hanlon (Associate Member).
TLE/11  Piezo-Electric Crystals,

To be appointed.
TLE/12  Transistors.

B. R. A. Bettridge (Member).
ELE/32 Radio Interference.

O. E. Trivett (Member).
ELE/66 R.F. Heating Equipment.

R. E. Bazin (Member).
ACM/8  Electro-Acoustic Transducers.

H. J. Leak (Member).
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INSTITUTION NOTICES

Brit.I.LR.E. Group with British United
Provident Association

As an additional service to members, who
may prefer that they and their dependants
should have private treatment for serious ill-
ness, including surgical operations, the Institu-
tion operates a Group with the British United
Provident Association.

B.U.P.A. was formed in 1947 under the
presidency of the Rt. Hon. Viscount Nuffield.
It supplements the National Heelth Service by
helping subscribers and their families with the
cost of private treatment for illness or accident.
Thus, registration with B.U.P.A. relieves
anxiety by providing the means to have treat-
ment under the most favourable conditions.
During the past twelve years the Association
has expanded rapidly and now covers over
750,000 people in the United Kingdom. By
joining B.U.P.A. through the Brit.I.R.E. Group,
the subscription is reduced and there is
immediate entitlement to benefit without any
waiting period, Subscriptions are payable
annually in advance by Bankers Order.

Many members of the Institution have
already joined or transferred to the Group.
There are three age groups and five scales of
benefit designed to give adequate cover
throughout the United Kingdom. For example,
a man between the ages of 30 and 49, by paying
an annual subscription of £9 16s. can obtain
grants of up to 24 guineas a week for private
accommodation in a hospital or nursing home,
80 guineas for each operation (irrespective of
number) and many other benefits, up to a maxi-
mum in any one year of £600. A feature of
B.U.P.A. is that it provides a family service.
The same man can include his wife in the regis-
tration for a further £4 17s. per annum and she
will then be entitled in her own right to exactly
similar benefits. He can also include all his
children under 18 years of age for an additional
total cost of £3 5s. per annum and each of them
will receive the full scale of benefits. The other
scales provide for higher or lower benefits at
appropriate rates of subscription.

Existing members of the Association may
apply to transfer to the Institution’s Group, pro-
vided they are under 65 years of age, and that
they enrol in Scales 6-10. A refund will be

614

made of any balance of the current individual
subscription. In order that the transfer may be
effected a Group application form should be
completed quoting the subscriber’s existing
registration number.

Although the Group is open to members liv-
ing in the United Kingdom, the benefits are
available whilst a subscriber or his dependants
are temporarily abroad on business or holiday.
If treatment is received in hospital under the
National Health Service, the subscriber is
eligible for a special grant for other expenses
connected with the illness, such as con-
valescence, Cover against the fee of a private
general practitioner can be secured by the pay-
ment of an additional subscription.

Full details of the Group, with an application
form, can be obtained from the Honorary
Group Secretary, Brit.I.R.E., 9 Bedford Square,
London, W.C.1.

Associated Television Grants
The four main Independent Television Com-
panies now distribute over £100,000 in grants
to the arts and sciences each year. Recently
Associated Television Ltd. announced grants
for the year 1959 totalling £26,000.

As far as the sciences are concerned, £7,000
has been donated to Birmingham University for
the founding of one Research Fellowship and
two Research Scholarships in the Department of
Electrical Engineering. In addition £2,000 has
been made available for Commonwealth
Scholarships to this country.

The Institution received the second of the
covenant payments of £230, and also £52 10s.
for the setting up of an annual prize of five
guineas for the most outstanding candidate
passing in the specialist subject of Television
in the Graduateship Examination.

The Institution Tie

Members are asked to note that owing to the
continuing demand for the Institution Tie, it is
now possible to reduce the prices as follows: —

Silk, 24s. 0d.. Terylene, 21s. 0d.

These prices include postage and packing.

Orders should be sent, with remittance, to the
Institution at 9 Bedford Square, London, W.C.1.
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An X-ray Image Amplifier Using an Image Orthicon Camera Tubet

by

E. GARTHWAITE, M.B.E.{, and D. G. HALEY}

A paper read on 4th July 1959 during the Institution’s Convention in Cambridge.

Summary: Special requirements of a television camera for use as an X-ray image

amplifier are outlined.

In television, illumination can be controlled, whereas in this

X-ray application illumination is controlled by the thickness of the subject under

examination.

Details are given of the special camera tube which has been developed

to operate under these conditions and also of the ancillary apparatus required to

obtain maximum sensitivity and definition from such a tube.

The reason for adopting

a scanning system not compatible with any of the accepted standards is also discussed.

1. Introduction
The possibility of providing a brighter image,
and, if possible, a lower dose rate for X-ray
fluoroscopy, has received much attention in
recent years.

Prior to the introduction of electronic devices
to help solve this problem, much attention had
been given to improving the fluorescent screens
and these have been developed over the years to
such an extent that one could not look forward
to any major improvement in the future, and
even if all the energy in the X-ray beam were
converted to light the theoretical limit would
represent only a 20 times improvement, The
efficiency of the visual process involved in
fluoroscopy is illustrated in Fig. 1.

It was suggested by Chamberlain in 1942§
that perhaps an electronic device could give a
significant advantage, and a number of years
later the static type X-ray image amplifier was
introduced in America, followed by a similar
device of European origin. A number of
articles describing these devices can be found
in the literaturel|. The introduction of these
devices made possible, for the first time, X-ray
cinematography at doses tolerable to the patient.

Much work has been done using static type

¥ Manuscript received 30th April 1959. (Paper No.
521.)

1 Marconi Instruments Ltd., St. Albans, Hertford-
shire.

§ W. E. Chamberlain, ‘‘Fluoroscopes and fluoro-
scopy’’, Radiology, 38, pp. 383-413, April 1942.

| G. B. Banks, “Television pick-up tubes for X-ray
screen intensification”, Brit. J. Radiology, 31, pp.
619-625, November 1958.

U.D.C. No. 621.397.331.21: 621.386.842

Journal BritI.R.E., October 1959

image amplifiers, but it soon became apparent
that the size of the field, which is limited by the
diameter of the image intensifier tube, was
inadequate for some purposes and that an
intensifier which was at least large enough to

1]

/\zﬁ\%! E\L)B—ﬁ
|1 '

JK

L1 .

A—Average number of X-ray quanta per elementary areain 1/2 ¢
B—As above, less 909, absorbed by patient.
C—Value at fluoroscopic screen.
D—Average number of photons produced at screen.
E—Photon value at photo cathode.

F—Photo electrons.
G—Value at target.

H-—Scanning beam modulation.

I—Average value at output.

J—Average number entering pupil.

K—Effective at retina.

Fig. 1. Quantum value for visual and image orthicon
fluoroscopy of an average chest with standard conditions
of exposure.
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include an adult heart was a vital necessity for
the further development of this new diagnostic
tool.

Because of the difficulty of increasing the size
of the image tube, the desire to increase the field
size has led to an alternative method of image
intensification by the introduction of optical
coupling between the fluorescent screen and the
photo-cathode, using the sensitive image orthicon
as a light pick-up device.

A close analysis of the quantum efficiency at
each of the stages shows that complete success
could not be achieved unless the losses of the
optical coupling could be considerably reduced.
Figure 1 illustrates this problem: it will be seen
that if the quantum efficiency at any point is
allowed to drop below that which is necessary
to provide the information in the final picture,
this cannot in any way be restored in a later stage
by amplification. In this connection it should
be noted that there is a clear distinction between
brightness gain and sensitivity gain.

The image amplifier to be described uses a
mirror optical system in conjunction with a
special image orthicon so that the losses in the
optical coupling are reduced to a level where
their effect upon the signal-to-noise ratio and,
incidentally, definition, is not the limiting factor
of the system.

From initial experiments, using refractive
optics, it was decided that merely increasing the
aperture of the lens would not give the gain in
sensitivity and signal-to-noise ratio required.
However, by using the largest possible photo-
cathode area in combination with the widest
aperture lens available, there was a possibility
that a satisfactory image intensifier covering a
large field could be produced.

2. Definition and Sensitivity

Before the problem is examined closely, it
might appear that the definition requirements of
an X-ray image intensifier will be lower than
usual in standard television systems. Although
this is indeed the case when viewing extremely
thick parts, there are many requirements where
the definition, if it is to compare with existing
equipments, will have to be better than that
considered satisfactory for television purposes.

The definition is limited, firstly by the screen
converting X-rays into a visual image, secondly
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by the optical system, and thirdly by the
resolution of the target of the image orthicon.
The scanning process which takes place at the
target of the image orthicon is not, in this case,
limited by bandwidth considerations as in
television and therefore can be ruled out as
a limit to the ultimate definition which may be
achieved.

Present day X-ray screens of high efficiency
have a circle of confusion which is smaller
than } mm and at high brightness levels, where
the losses in the optical system are unimportant,
it is possible to maintain this definition through-
out the whole system. This resolution, although
better than present-day fluoroscopy is still
below that which is obtained from radiographic
films.

The reasons for this are obvious when one
examines the detail of the various processes.
In the case of films taken either direct from the
patient or via a fluoroscopic screen, the film acts
as a perfect integrator and collects all the
information from the X-ray beam. This
information can then be assimilated over a
much longer interval of time when the film is
viewed for diagnostic purposes. In fluoroscopic
examinations it is necessary to have the X-rays
on for the whole of the assimilation time. It is
therefore necessary to reduce the intensity of the
X-rays so that the dose to the patient is kept
within tolerable limits. Methods to overcome
this limitation will be discussed in the latter part
of this paper.

The information in an X-ray image, either on
film, or fluoroscopic screen, is proportional to
the number of quanta perunitarea. Theseevents
occur in a random fashion and it is necessary to
have a ratio of at least 3 to 5 times between the
detail to be perceived and the relative fluctua-
tions of the surrounding area. Therefore,
at lower light levels at the screen, proportional
to less radiation to the patient, the detail will
be less because then it will be necessary for the
area to be increased so that the above ratio can
be maintainedt. )

There are further factors limiting the resolu-
tion of the system which are not concerned with
the quantum nature of the X-ray beam or the
efficiency of the various processes, such
as the fluorescent screen, the lens aperture and
the photo-cathode efficiency. These are con-

¥ G. B. Banks, loc. cit.
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AN X-RAY IMAGE AMPLIFIER

cerned with the size of the focal spot of the
X-ray tube in use and the efficiency of the
anti-scatter device, which has to be used when
thick sections are under examination.

There is a further factor concerning resolution
which has to be taken into account when using
an image orthicon tube. This concerns the
signal-to-noise ratio of the scanning process.
It has been discovered that by varying the
distance between the target-to-mesh spacing,
better signal-to-noise ratio can be obtained at

)]
Fig. 2. Comparison negative photographs between (a)
close and, (b) wide spaced tubes, using a skull phantom.
The greater sensitivity and gamma compression of the

wide spaced tube is apparant.
05 sec.)

(70 kV, 73 mA. sec,

October 1959

Fig. 3. Positive bhotograph of stored image using a
direct view storage tube.

extremely low light levels than with conventional
spacings. There is considerable gamma com-
pression when using image orthicons with a
wide target-to-mesh spacing and it is this property
which no doubt contributes considerably to the
additional sensitivity which can be obtained with
tubes of this type (Fig. 2t).

It is fairly obvious that although the image
orthicon image intensifier compares favourably
with conventional screening and the static type
intensifier, it is not likely that any significant
reduction in the patient dose will be achieved.
There is, of course, the reduction due to better
perception and the improvement in fine detail,
and also the very great advantage that cine and
miniature still pictures can be made of all
sections of the patient at tolerable doses. By
using X-rays only to form the image and storing
this image while it is assimilated, a great reduc-
tion in patient dose will be possible, and it is in
this direction that it is believed that the ultimate
reduction of dose will have to be sought.

Experiments have already been made using a

direct view storage tube and the results of these
at the moment rather crude experiments are

t A. A. Rotow, “‘Image orthicon for pick-up at low
light levels”, R.C.A. Review, 17, No. 3, p. 425, September
1956.
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shown in Fig. 3. The resolution and transfer
characteristics are not at present satisfactory,
but it is quite conceivable that this or other
schemes will be evolved so that the image can
be written in the same fashion as it is in conven-
tional radiography, and thereafter continuously
displayed without further radiation to the patient.
Images at one per second would give a dose
reduction of 25 : 1. Further experiments are
continuing on these lines with other forms of
storage devices.

1t is agreed that the movement of such organs
as the heart will have to be displayed strobo-
scopically but the detail to be displayed in
fluoroscopic examination can obviously be much
greater than has to be accepted using conven-
tional screening and continuous radiation of the
patient.

With conventional fluoroscopy, in the past,
it has been usual to operate at fixed X-ray
conditions which are just tolerable to the patient
for a reasonable time and to use the great range
of human visual perception to discern detail in
various parts of the anatomy, regardless of the
fact that the amount of X-ray arriving at the
screen to form the image varies considerably
over different parts of the subject. At the chest
1 per cent of the X-ray arrives at the viewing
screen, at the abdomen 0-1 per cent and a
lateral view of the abdomen 0-01 per cent.
There is also the fact that an increase in the
patient thickness of 2 : 1 decreases the X-ray
at the screen by a factor of 10, and hence the
total range that has to be accommodated is in
the region of 1000 : 1. Using radiographic
films this range is reduced to that which can
be accepted by the film by altering the kilovolts,
milliamps and time to get a satisfactory exposure.

To enable the television image intensifier to be
used for fluoroscopic examination it has bee~
necessary to provide flexible controls that can
accommodate the great change in levels when
scanning across the patient. This has been
achieved by using a number of push buttons to
select pre-set settings of the camera. Further
settings are provided for fluoro-photography.
For cine work the conditions apply as for
screening, but for miniature stills of the full-size
image the conditions are more related to
conventional radiography, where the conditions
can be pre-set and there is no difficulty of having
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to accommodate large changes in light levels at
the screen.

To improve definition when less than the
full size images are employed, as is usual when
investigating thicker parts of the abdomen,
provision is made to alter the field cf view so that
the smaller image will include the whole of the
television scan. This is accomplished by altering
the magnification between the photo-cathode
and the target.

Cine-recording is very akin to telerecording in
television, except that there are no limitations
concerning the reproduction. 1t has therefore
been possible to record at 16 frames per second,
losing only one field in every three to cover the
film movement. For faster speeds it is thought
that it will be necessary to use a continuously
moving film, so that all the fields are recorded.
This may be specially important for certain
medical applications.

Although it has been possible to specify the
performance of this instrument in respect of
such matters as field size and resolution, it is
difficult to find any parameter for clearly defining
the sensitivity as compared with other systems.
The usual definition of sensitivity, as applied to
X-ray images or films, is a graph showing the
relationship between detail size and contrast and
bears no relation to brightness gain. The
brightness gain of the present system, measured
photographically, is greater than 500 times.

To make a statement on the sensitivity in terms
of the ability to provide a satisfactory image at
stated X-ray factors, such as milliamps and kVp,
is extremely difficult because this depends upon
the initial calibration of the X-ray source.
A better assessment can be made by quoting the
X-ray dose at the patient’s skin in terms of
roentgens per minute. Initial experiments in
this direction show that there is a substantial
gain over the conventional fluoroscopic examina-
tion in sensitivity as expressed in these terms.
These remarks refer to an average size patient.

3. Description

The apparatus consists in the main essentials
of a camera unit, control unit, electronic rack
and the radiologist’s viewing monitor, plus an
additional recording camera when this is required
(Fig. 4).
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Fig. 4. Marconi 12-inch image amplifier schematic.

Although this is a closed-circuit television
channel, certain differences will be noted. The
first is that the large aperture lens is of consider-
able size and is working at a fixed focus. The
control of the camera has been simplified to
allow the camera to be adjusted to the screen
illumination, which is dictated by the part of
the patient to be investigated. This is, of course,
different from the usual television camera
operation where the studio lighting is modified
to suit optimum camera conditions.

The scanning system does not conform to any
of the published standards, as experience with
the earlier models indicated that viewing distance
to the monitor for X-rays will be only a matter
of 6 to 9 inches and at this distance the lines of
the picture are very apparent. Therefore, to
increase the number of lines without using
excessive bandwidths, it was decided to use
triple interlace giving essentially 16 complete pic-
tures per second and approximately 1C00 lines.

The use of the image orthicon television
camera as an X-ray image intensifier has been
investigated by Strum and Morgan, in America,
using the 3-inch image orthicon. In this country
the 4%-inch image orthicon has been developed
for broadcast purposes by the English Electric
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Valve Company and since this tube is superior
to the 3-inch version as regards signal-to-noise
ratio, its use at the very low light levels en-
countered in diagnostic X-ray seemed to merit
investigation.

The range of high-light levels produced by
X-ray screens, using normal screening doses, is
from 10* to 10! foot-lambert, compared with
about 30-40 foot-lambert in a broadcast studio.
This latter figure will fully charge an average
standard 44-inch image orthicon (P811) with
a lens aperture of approximately f/8. Since the
X-ray image is produced on a flat screen, there
is no depth of focus problem, so that the widest
aperture lens obtainable may be used. However,
even if a lens aperture of /07 is used, the peak
high-light required to charge the target to the
knee of its characteristic curve will be about
0-25 foot-lambert, which is still well above the
level which can be expected from an X-ray
screen.

Figure 5 shows the standard image orthicon
characteristic of signal output against photo-
cathode illumination on arbitrary logarithmic
scales. Below the knee the curve has a slope
or gamma of unity. Also shown on the same
scales is a curve of beam noise, which theoreti-
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cally has a slope of 1, since beam noise is
proportional to 4/(beam current). The signal-
noise ratio would therefore be expected to
decrease as the square root of the light level.
In practice, the signal/noise ratio decreases more
rapidly at low light levels, due to the decrease
in the beam modulation. Beam modulation is
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Fig. 5. Image orthicon transfer characteristic.
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a function of the voltage to which the target is
charged, and this is proportional to light input
when working below the knee. The beam has
a certain velocity spread, and at low target
potentials only the very fastest beam electrons
will land on the target. Another effect due to
the very low target potential and low beam
efficiency, is that the target is not completely
discharged in one scan; the target must be
scanned several times to take off most of the
charge. The result of this is serious lag on
moving objects. These effects limit the lowest
light level at which the standard 44-inch image
orthicon can be used, when the signal/noise
ratio becomes so poor that the signal is of no
practical use.

There is another ill-effect of the standard tube
used near the limit of its sensitivity which
should be mentioned. If a reasonable signal-to-
noise ratio is to be obtained, the beam current
must be set very critically at just sufficient to
discharge completely the high-lights of the
picture. When the beam is so set, the tube is
very susceptible to changes in light level, a slight
increase causing an objectionable peel-off due
to incomplete discharge of the target. For these
reasons the standard broadcast image orthicon
is unsuitable for use at very low light levels.
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The total light which is collected is propor-
tional to the brightness of the image and also
to its size. The 44-inch image orthicon bulb will
accommodate a larger diameter photo-cathode
than is normally used and in the P825 a photo-
cathode of over 3% inches diameter is used.
A lens to cover this large photo-cathode and
have an aperture of f/1 or less is both rather
bulky and expensive. Lenses of this type,
using reflective optics, have fortunately already
been developed by Dr. Bouwers for his Odelca
X-ray cameras, and the lens used produces an
image of 80 mm and has an effective aperture
of approximately f/0-7. The image produced
by this lens is spherical, necessitating a spherical
face-plate to the image orthicon. This is an
advantage, however, as far as the tube is
concerned, since it makes easier the reduction
of a 3-2-inch image onto a 2-inch target. The
material used for the photo-cathode has been
chosen to have a colour response which matches
as nearly as possible the colour characteristic
of the X-ray screens used.

The photo-electrons are accelerated and
focused onto the glass target, where they produce
a charge pattern of the image by secondary
emission, the secondary electrons being collected
by the target mesh. The spacing of this mesh
from the glass target has a very considerable
effect on the characteristics and behaviour of
the image orthicon. It has been shownt that for
very low light level work with image orthicons,
a large target to mesh spacing, of the order of
! in. is desirable.

Figure 6 shows the signal/light characteristics
of a close and a wide spaced tube. These show
clearly the reason for the choice of wide spaced
target. The close-spaced tube (A) has gamma
of unity and hence a much shorter grey scale
than the wide-spaced tube (B), which compresses
the grey scale, and has no well-defined knee,
but a long, gradually changing slope. Although
the absolute noise level is higher in the case of
the wide spaced, the range of half-tones which
produce a signal level above the noise level is
seen to be much greater. Also due to the
flattening off in the highlight region, beam setting
is far less critical of changes in highlight
brightness.

1 A. A. Rotow, loc. cit.
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The television scanning system used is 1024
line, 50-field, interlaced 3: 1. This non-standard
system was chosen to meet the requirements for
definition and lack of line structure while still
enabling standard components to be used.
The definition obtainable on other types of
X-ray image intensifier is at least 30 mesh/inch,
i.e. 60 television lines/inch and this is the
minimum definition aimed at in the central
60 per cent of the picture area. Since we are
providing a field of view of 12 in. diameter, this
means a definition of 12 x 60 =720 lines in each
direction. A square raster has been adopted to
make best use of lens, target and amplifier
bandwidth. 1024 is 219 which means that
ten binary counters can be used in the synchro-
nizing generator divider chain, without feedback.
Also by closing feedback loops, the same binary
chain can be made to divide by 675, giving a
2: 1 interlace. The latter system is provided in
case the 16% pictures/sec should be too slow for
some faster movements. The basic line fre-
quencies of the two systems work out to be
17,066% and 16,875 respectively. Since these
are less than 200 c/s apart it is possible to switch
from one to the other without any readjustments.
Also, they are near enough to the 625-lines
standard to enable standard parts, such as scan
coils and transformers, to be used. The
synchronizing pulse generator has been built
using transistors throughout. In order to
simplify the circuitry and ensure good interlace,
particularly on the 3 : 1 system, the monitors
are driven by line and field pulses direct.

As well as obtaining the desired results, it was
essential to design the equipment to be capable
of operation with the minimum of controls by
personnel who are unskilled in the operation of
television cameras. This problem is increased
by the fact that, at low light levels, the settings
of some tube controls become more critical.
To meet this requirement a set of five buttons
has been provided which operates relays to bring
into circuit different sets of those controls which
need readjustment on changes of light level.
Each position is preset for different light levels,
and the technique is to work on the lowest light
level which will give a satisfactory picture. The
X-ray milliamp control is on the same panel and
may be used as a fine adjustment on light
level.
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A sixth relay and set of variable controls is
set up for best possible picture under optimum
light conditions. This relay is brought into
operation by the Spot Film button on the X-ray
table. When this button is pressed, as well as
resetting the image orthicon, a fairly large pulse
of X-rays is provided for a short period (0-04
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Fig. 6. Comparison of close and wide spaced targets.

to 0-25 sec), thus giving an optimum light level
picture. This picture is recorded on 70 mm
film off a remote recording monitor, so that a
small X-ray film of high definition can be
obtained.

Alternatively, cine-film can be taken of an
examination on a separate recording monitor
while the examination is being carried out, using
only the X-ray dose necessary for normal
screening.  This represents a considerable
advance on static image amplifiers which must
have an increased X-ray dose sufficient to
expose cine film; with a television system, the
brightness of the recording monitor is under
control.

In order that the cine camera pull-down and
the television fly-back shall not strobe and
produce an interference bar, the cine camera and
the television system must be locked together.
A simple 16 mm recording unit has been built
using a comparatively inexpensive camera and
a standard monitor. The shutter was removed
from the camera to ensure that the whole of the
stationary period of the film was used. The
camera was driven by a synchronous motor and
a blanking pulse applied to the monitor to
suppress every third field, the two being phased
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so that pull down takes place during this field.
Since the television picture is square and the
film format is 4 X 3, only the central 75 per cent
of the picture was recorded, leaving 124 per cent
of the picture at top and bottom to cover overlap
of the pull-down. This system proved quite
satisfactory for the recording of 16% pictures/sec.

The telerecording systems used on normal
broadcast television can also, of course, be used
for X-ray cine recording.

The 100 mm spot film camera is also exposed
in the same way, i.e. by pulsing the monitor, the
monitor, X-rays and image orthicon all being
set by the operation of the spot film button. In
order to obtain higher definition than is normally
available over a smaller area, it is proposed to
change the area covered from 12 in. diameter to
about 8 in. diameter by altering the magnetic
image reducing field in the image orthicon.
Unfortunately, this can only be done at the
expense of sensitivity, since less total charge
will reach the target and therefore it is only
useful for spot film technique, where the X-ray
current may be increased to compensate and
the dose kept down by reducing time.

However, when large direct view storage tubes
become available, this higher definition will be
available for instantaneous viewing, since these
tubes will enable a short X-ray exposure to be
viewed for up to several minutes without any
further dose to the patient.

The electronic circuitry is similar to that used

be summarized as follows:

(1) The ability to change the field size at will
and the possibility of large field sizes from
the same equipment.

The adaptability of the scanning system
which allows devices such as direct view
storage monitors to be used, with the
possibility of great reduction in patient
dose.

The substantial increase in brilliance of
the monitor pictures over any other image
intensifier, allows photographic work with
fine grain film.

No dark adaptationof the eye isnecessary.
Screening currents can be reduced so that
fine focus X-ray tubes can be used with
the consequent great improvement in
definition of those parts where this is
required.

All wet processes for X-ray diagnosis are
eliminated and information is immedi-
ately available with its consequent advan-
tage both to the doctor and to the patient.

)

3

4
&)

(6)

The disadvantages compared with the con-
ventional static type image intensifier are as
follows:

(1) Poorer signal-to-noise ratio when viewing
thicker parts. This is somewhat offset by
the fact that fast films with coarse grain
normally have to be used with the
conventional image intensifier.

! (2) Possibly higher costs of installation, due
for broadc: : ¢ d based h
or broadcast cameras and is based on the to the larger bulk of the optical system
Marconi Mk, IV 4}-inch television camera. All necessary.
controls are preset and are contained in one of .

. e ot (3) The necessity for close control of the
the three cases which house the main circuitry. camera to meet the changing light
These cases contain the power supply, the signal conditions. This is not necessir gdurign
processing circuitry, and the synchronizing : R . y e ) g

enerator and preset controls ﬂuoro§copy, using a static type image
& ) intensifier, but is necessary when cine
. radiography is attempted. This dis-
4. Conclusions advantage is therefore only apparent
The advantages of a television type image during fluoroscopy, and not during the
intensifier over the conventional static types may interesting field of cine radiography.
DISCUSSION

T. E. Ivall: Can Mr, Garthwaite say any-
thing about the electro-luminescent amplifier
and whether it is likely to prove a competitor to
the television system for image intensification.
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E. Garthwaite (in reply) : We have a recent
report on this light panel which shows that
unfortunately it has a very long time constant.
It needs a considerable amount of X-rays either
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in a tremendous initial dose or over a long time
in order to excite it. The panel can then be used
very much like a conventional storage tube.
Unfortunately, the signal/noise ratio, which
one would expect to be near perfection is in fact
quite poor. This is said to be due to manufac-
turing difficulties of the photo-conductor.

A delegate : Fig. 2(b) seems to have a three-
dimensional quality which must have been an
artefact introduced by the equipment. Is there
any way in which the physician or radiologist
can check the actual optical image to make sure
that what he may see is in fact an artefact and
not the real thing. For example, a certain type
of noise might lead to a diagnosis of tuber-
culosis in the lung.

E. Garthwaite (in reply) : The images shown
are those which we use to guide ourselves. If
we were taking pictures for X-ray diagnosis
these would be taken at a level where the noise
was not apparent. The effect of the gamma
compression which you describe as an artefact
can be an advantage in X-ray diagnosis.

A delegate : 1 would like to ask Mr. Garth-
waite whether one can actually improve the
appreciation contrast for the picture by adjust-
ing the transfer characteristic of the system.

E. Garthwaite (in reply): The gamma com-
pression, as it may be termed, means that in a
small range of light and dark we can include
more steps of grey. The greater number of grey
scales is obtained not by any trick of the
circuitry, but through the tube itself having a
wide distance between the target and the mesh:
it is a phenomena of the tube.

M. F. Osmaston : It occurred to me that in
many X-ray pictures there would be consider-
able advantages in stereoscopic views of the
patient. Perhaps this could be achieved by using
rotating anode tubes with the two surfaces con-
stituting the respective points of origin for the
X-rays. The pictures could then be displayed
on two tubes and viewed stereoscopically.

E. Garthwaite (in reply): We have already
talked to the medical profession on this point.
At the moment they use mostly a two-plane
technique with the planes at right angles. We
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have asked radiologists if they would accept a
stereoscopic picture instead which would be
based on very much the same system as Mr.
Osmaston has just suggested, but we are
unlikely to get their opinion until we are able
to demonstrate stereoscopic equipment,

R. A. Chippendale : Could Mr. Garthwaite
explain how the thick part is also affected by
regions of low contrast? With wide spaced
mesh and low gamma one can also resolve very
satisfactory these low contrasting variations in
gamma. The skull is of course a nice contrasty
specimen.

E. Garthwaite (in reply) : We have no diffi-
culty at all with this tube in doing this. As with
other television equipments we can increase
contrast by using more gain.

A delegate asked if the device had been
applied to the radiography of castings and
forgoings.

E. Garthwaite (in reply): We have made a
few initial experiments but have not gone very
far. In the industrial field it is sensitivity that is
important, that is, being able to discriminate be-
tween small difference in thicknesses. In the
case of aluminium the intensifier would be quite
practical today. In the case of steel, however,
it is not practicable yet because of the short
integrating time of 1/25 sec compared with film
exposure of up to 20 minutes or so. By employ-
ing some form of storage system we believe that
a satisfactory system may be developed in the
future.

M. H, Cox: Has any work been done on a
suitable device which would convert the X-rays
directly into a television type image? This
would mean that it was not necessary to go
through the fluorescent screen and then onto
the photo-cathode and then onto the target.

E. Garthwaite (in reply): There are two
possibilities. First of all a vidicon can be made
directly sensitive to X-rays, but of course it
suffers from the usual problems that the time of
storing the image and releasing it is too long.
Secondly, there is the same principle used in the
panel type amplifier which is a sandwich of an
electrical luminant and a photo-conductor, the
latter being directly sensitive to X-rays.
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NOMINATED FOR ELECTION TO THE COUNCIL

. Air Marshal Sir Raymund George Hart was
born in Merton, Surrey, in 1899, and educated
at the Simon Langton School, Canterbury. Dur-
ing the first world war he served in the Royal
Flying Corps, and in
1918 was awarded the
Military Cross for a
combat victory over
four enemy fighters

while  piloting an
artillery  observation
aircraft.

After the end of
hostilities he studied
at the Royal College
of Science, gaining his
A.R.CS,, and later at
the Ecole Superieure d’Electricité, Paris, where
he received the diploma of Ingenieur Radio-
Electricien. Between 1930 and 1933, while
Signals Staff Officer at R.A.F. Headquarters in
India, he re-designed and rebuilt the Internal
and Inter-Command R.AF. Radio Com-
munications Systems in that country. From
1936 to 1938 he served at the research station
at Bawdsey, where he was closely associated
with the pioneer development of radar, and
subsequently was responsible for the introduc-
tion and application of ground based and air-
borne radar throughout the war.

Air Marshal Hart was appointed Chief Air
Signals Officer, SH.A.E.F. in 1944, and in this
capacity was responsible for the planning and
control of radio, radar and radio counter
measures for the Allied Air Forces in the inva-
sion of Europe. After the war his appointments
included that of Air Officer Commanding No.
90 Signals Group, and Director General of
Engincering. From 1956 to his retirement at the
beginning of this year he was Controller of
Engineering and Equipment at the Air Ministry.

For his services during the war Air Marshal
Hart was appointed a Companion of the Most
Honourable Order of the Bath, and in the Birth-
day Honours List of 1957 his promotion to
Knight Commander of the Military Division of
the Most Excellent Order of the British Empire
was announced. Sir Raymund is now Director
of the Radio Industry Council.
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Sir Raymund was elected a Member of the
Institution in 1957. Many members will recall
that as Air Vice-Marshal Hart he proposed the
toast of “The Institution™ at the 1954 Conven-
tion Banquet at Christ Church, Oxford (pub-
lished in the August 1954 Journal), and Sir Ray-
mund has on numerous occasions advised the
Council on matters affecting members serving
in the R.AA'F. His account of the history of
radio and radar navigation for aircraft, given at
the inaugural meeting of the Radar and Navi-
gational Aids Group, is clearly based on first
hand experience and will certainly be read with
great interest by all radio engineers.

David Latcham Leete, who is nominated for
election to Council as one of the Associate
Members, is engaged in research at Manchester
University in the Faculty of Technology.
Here his work includes
fundamental investi-
gation into the design
of machine tools to
meet the increased
accuracy in machining
operations made pos-
sible by fully auto-
matic electronic con-
trol. He was seconded
to this appointment in
1957 from the Radar
Research  Establish-
ment (now Royal Radar Establishment) where
he had been concerned for the previous twelve
years on such problems as airborne radio
counter measures and high power radar trans-
mitter design, From 1941 to 1944 he worked
on counter measures at the Royal Aircraft
Establishment.

Mr. Leete who was born in London in 1918
and educated at King’s School, Ely, received his
technical education at King’s College, Univer-
sity of London, where he obtained a B.Sc.
degree in 1941.

Elected an Associate of the Institution in
1941, Mr. Leete was transferred to Associate
Membership in 1944. He took a leading part
in the formation of the South Midlands Section
based on Malvern and Cheltenham, and served
as its first Chairman in 1956.
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The Problems of Reliability and Maintenance in Very Large

Electronic Systems for Shipboard Usef
by

Captain G. C. F. WHITAKER, R.N. (RETD.), MEMBER]

Summary : Current naval technical development is leading to the development of
electronic systems for weapon control, air direction and guided missiles charac-
terized by “size” and “complexity” of a different order of magnitude to anything
hitherto met with at sea. Such very large systems, built up, in the main, of
essentially commercial quality valves, resistors, capacitors and other electronic
components, clearly present special problems if a high order of reliability is to be
achieved. The special hazards of service at sea and the particular problems
imposed by great size are considered. At the detailed design level the author
suggests a number of possible approaches for the achievement of high reliability.
Considering such systems as a whole the statistical pattern of component failure is
discussed and taking practical examples the probable period of fault-free operation
is derived. Typical figures are cited. The importance of rapid repair under battle

conditions is stressed. Monitoring methods are critically reviewed.

1. Introduction and Historical

“In an age of swift invention it is frequently believed

That the pushing of a button is as good as work
achieved.

Bur the optimist inventor should remember if he can

Though the instrument be perfect there are limits to
the man.”

The above lines were written by Admiral
Hopwood at a time in the history of the Navy
(1904), somewhat similar to the present, when
great technical advances were imminent and are
typical of the concern of the conservative
present for the implications of the (always
alarmingly complex) future.

Technical advance in the Naval sphere
appears, as in other fields, to proceed in a series
of random steps of major development
separated by long periods of stagnation, or to
put it more euphemistically, consolidation. Sir
Francis Drake, Admiral Blake, and Lord
Nelson, to name three successful Admirals
widely separated in time, fought their battles
with, broadly speaking, very similar ships

t Reprinted from The Proceedings of the Institu-

tion of Radio Engineers, Australia, 19, No. 12,
December 1958. (Paper No. 522.)

1 Formerly Director of Electrical Engineering,
Department of the Navy, Melbourne, Victoria; now
with Central Rediffusion Services Ltd.. London,
W.C.2.

U.D.C. No. 621.37/9.004.5
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and remarkably similar weapons, The ship’s
company of the Golden Hind could have
commissioned and fought the Victory with
very little difficuity though a considerable
increase in required numbers.

Major changes set in at the close of the nine-
teenth century with the coming of steam, the
screw propeller, iron and later steel hulis and,
somewhat later the advent of the breech load-
ing gun, There followed a period of consolida-
tion until roughly 1904 when a second wave of
progress set in. The submarine emerged as a
practical proposition, the torpedo was well
established, the steam turbine appeared as the
cssential prime mover while the introduction of
both wireless telegraphy and of the first
rational fire control arrangements involved a
marked extension of the uses of electricity in
warships. All these things tended to make the
warship of the period a very much more com-
plicated unit, in the technical sense, than it had
becn in the past and provoked, amongst other
reactions, the heart cry from one of England’s
most distinguished sailors quoted above. World
War I was fought with the developed products
of this particular period of evolution.

Between wars it can be said broadly that the
accent in weapon development was on surface
action and anti-submarine warfare. The offen-
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sive weapons were the gun and the torpedo
(delivered by ship, submarine or aircraft) while
defensive weapons, other than the above, were
limited to mines and depth charges. Anti-air-
craft guns and fire control systems remained in
their infancy and were more than a little primi-
tive, The bomb was not very seriously
considered as an anti-ship weapon.

Technically, inter-ship gunnery actions and
anti-submarine warfare are characterized by the
very low relative rates of change of the relevant
parameters—essentially range and bearing for
the gunnery case—and by the fact that in the
case of the gun and, to a slightly lesser extent
the torpedo, the velocity of the “missile” is
extremely high in relation to the speed of both
the target and the firing ship.

Prediction methods, if used at all, were there-
fore limited to simple velocity resolving
systems, ‘‘rates” were derived directly from the
slopc of a distance/time plot and initial
inaccuracies in range finding were corrected,
along with misinformation on gun ballistics and
meteorological data, by range spotting based on
visual observation of fall of shot. Tachometric
fire control systems were neither attempted nor
necessary for the purpose then in hand. Due to
the low relative rates, open loop, non-
synchronous, hand followed, data transmission
systems met all needs.

The main developments of World War 11
were, perhaps, the discovery and application of
radio location providing a highly accurate
measurement of both range and angular data,
independent of visual aid, and the mass
exploitation of air attack using the bomb rather
than the torpedo,

The submarine remained much as in the past
during the greater part of the war until German
developments in new propulsion systems and
underwater streamlining threatened to extend
its speed and potency immeasurably, The war,
perhaps fortunately, ended at this stage.

The point to be noted is that, to a large
degree, most of the complications in warships
at the close of the war lay in ancillary devices
which had been added on to relatively simple
primary systems. These devices were most use-
ful aids but were not absolutely essential to
-fighting the ship with some reasonable prospect

626

of success. An echo sounder is convenient and
useful but one can, at a pinch, use a sounding
machine or lead and line.

The immense potency of air attack made it
immediately necessary to evolve very much
more sophisticated Fire Control methods. The
field of operations was transferred from a two-
dimensional plane to three-dimensional space
and, with the tremendous development of air-
craft in all respects, but especially in range,
speed and ceiling, the gun began to lose its
velocity advantage over the target. This trend
has persisted since the war at an ever-increasing
pace and it is now true to say that the chances
of shooting down a modern aircraft at the
desired range with an unguided missile are
unacceptably small.

We are, in short, once again moving into a
period of intensive technical development
involving an immense increase in the technical
complication of shipborne weapons and having
implications which have yet to be fully
resolved.

So far as Fire Control is concerned it is now
no longer in any way acceptable that guns (or
similar weapons) should be aimed, fused, or
fired with the intervention of a series of human
links and it is essential that all these functions,
including, of course, the prediction, should be
carried out automatically. This in its broadest
terms involves the use of a large number of high
grade servo systems, the practicalities of the
case being such that their performance and
speed of response must be of an order not
normally necessary in the industrial world.

In naval parlance the fire control element in
a ship’s Electrical Department has traditionally
always been known as the “Low Power Sec-
tion.” It is an interesting commentary on the
trends of the times to note that in the Tiger
class cruisers, now building in the United King-
dom, the largest motors in the ship are the turret
training motors which lie at the actuating end
of the turret training servo loop. Properly
enough they continue to be operated by the
“Low Power Section.”

The essential point to be noted at the conclu-
sion of this brief review of historical trends is
that under modern conditions a ship cannot be
fought at all unless a very large quantity of
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electrical equipment, largely, “electronic,” is
functioning to rated performance. It must
furthermore, work at any time required.

2. Naval Systems and Requirements

In discussing Naval systems it becomes, un-
fortunately, necessary to steer a careful course
between the Scylla of total “Security” and the
Charybdis of total “Obscurity.” The observa-
tions which follow are therefore, nccesarily,
somewhat general. It is hoped, however, that
they may, yet, serve to make clear the essentials
which are, indeed, matters of general
knowledge.

2.1. A “series” system

Considering, first, weapon control, a typical
fire control system of the general type fitted in
modern warships might take a form somewhat
as indicated in Fig. 1. The essential functions
carried out are the continuous measurement of
the space co-ordinates of the target, the com-
putation of the required path of the “missile”
making allowance for all known variables, and
the orientation of the mountings to achieve this
path. Additional to the above requirements
fundamental to any fire control system, we may
add in the Naval case, a stabilizing system to
remove the effects of roll, pitch and yaw to
which ships are subject. This system will,
ideally, have to work to a higher order of
accuracy than the Fire Control system itself.

v

Something of a somewhat similar nature would
clearly be also required for the control of a
guided missile.

It will at once be noted that this is essentially
a “series” system, in that the whole of the
assembled apparatus is necessary for the
achievement of the desired end and, in that, the
failure of any single part of the gear will
cause the “wrong answer” to be given and
incapacitate the whole system.

2.2. A “paradllel” system

An alternative type of system in common use
is that required to “direct” fighter aircraft. A
possible air direction system is shown in outline
in Fig. 2. The basic desiderata for determining
the instantaneous position of the target remain
the same but in this case the required accuracy
is very much lower since the aircraft being
directed is, in effect, a manned “guided missile”
and within limits can be “directed” on to its
target even if the initial data are in error.

On the other hand since the “missile”
velocity is of the same order as that of its target
and because the process of “directing” takes
time such a system calls for determination of
the target co-ordinates at very much greater
ranges than in the gun or guided weapon case.
Such systems are, therefore, characterized by
complex and high power associated radars and
the maximum that can be accepted in aerial
sizes and gains.
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Fig. 1. Elements of a Weapon Control system. A “series” system.
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Fig. 2. Elements of an Air Direction system. A
“parallel” system.

The position is further complicated by the
fact that because Aircraft Direction is, at the
moment, conducted by human intervention and
as aircraft tend to attack in very large forma-
tions it becomes necessary for the system to
have a very high data rate probably implying a
measure of storage somewhere in the system
and all manner of complexity in the display in
arrangements. Finally, it is implicit in any such
scheme that, if it is to be capable of handling
a large number of targets simultaneously, it
must be split into a correspondingly large num-
ber of channels. All of which makes for greater
complexity.

In contrast to the weapon control type of
gear it will be seen that this type of system is,
in terms of its overall complication, largely
a ‘“paralle]” system in that failure in any
particular “block” will not necessarily incapaci-
tate the entire system. While a reduction in
the overall handling capacity is evidently
undesirable it is not necessarily disastrous.

2.3. Number of components

Considering now the practical realization of
systems of the broad types discussed above we
may note that a practical system shortly to be
fitted in ships contains 7,000 valves and some
60,000 components. As a comparison with the
commercial field we may note that a medium
size digital computer (the L0 machine of
Messrs, Lyons & Co.) contains some 3,000
valves while a modern monochrome television
set has perhaps 20 valves and some 500 com-
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ponents. It is with the intrinsic reliability of
such very large concatenations of electronic
gear that we shall be concerned.

3. A Specification for Operational Availability

At the end of Section 1 it was emphasized
that, under present day conditions, it is essential
that the whole of the armament of a ship should
be available at all times. While this might be
said to be a self-evident generality it will be
useful, at this stage, to review its implications
in terms of the task set to the designer.

In the Naval hierarchy ships, weapons, and
other appurtenances of war are designed to
meet Staff Requirements. The Naval Staff,
basically responsible for the conduct of war,
decide on the types of ship or weapon they con-
sider will be necessary and lay down perfor-
mance requirements which the Research and
Development Establishments then endeavour
to meet or improve on.

In the post-war epoch the emphasis on high
performance and infallible operation has be-
come so high that an attempt has been made to
state the requirements in a more specific and
quantitative form. For a particular system,
therefore, the operational availability required
was explicitly stated. It took a form somewhat
as follows:

(i) To be capable of operating under
Admiralty standards of weather and
temperature conditions for a two-week
operational period during which time,
except as indicated in (i) below, the
equipment must not be at greater notice
for action than two minutes,

(ii) During the operational period, as
defined above, the notice may be
extended to 10 minutes for maintenance
purposes for one hour every day.

(iii) An uninterrupted period of 12 hours for
servicing will be given as often as opera-
tional requirements permit. This servic-
ing period will occur at least once every
fortnight.

This, it will be seen, is a fair and clear state-
ment of the requirement. In the light of the
current reliability of electronic equipment in
general it is also an exceedingly difficult
requirement for an engineer to meet.
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4. The Special Problems of a Naval
Environment

The experiences of World War II, notably in
the air and in the tropics, quickly established
that for Service use a marked improvement on
commercial electronic practice was required if
equipment was to meet field conditions, The
practical embodiment of the large amount of
work which was done on this problem is to be
seen in the ultimate Test Specification K.114 to
which all British Service equipment is produced.

The hazards which the respective Services
have to meet appear, in fact, to be somewhat
different. The Air Force have to contend with
high frequency vibration, rapid changes of
temperature, rapid changes of air pressure and
lowered air-breakdown potentials due to
altitude. The Army seems to be more con-
cerned with vibration, of a somewhat different
nature to the airborne case, and with rough
handling, and tropicalization problems. The
Naval case seems, in general, to be rather less
stringent and, apart from the special problem of
underwater shock, it may be said that shipborne
equipment has a rather easier time than that of
either of the other two services.

Naval difficulties appear to be less funda-
mental and to be conspicuous for their
“nuisance value” rather than as representing
unsolved technical problems, There never
seems, in general, to be enough room to fit
equipment comfortably, while the nature of
Naval systems is such that vital parts of the
equipment (microwave heads and the like) tend
to be mounted on the least accessible parts of
remote, damp, and draughty structures, Broadly
speaking, however, it can be said that the diffi-
culties experienced at sea are less due to the
fitting of equipment in a ship than due to the
great complexity of the equipment which has to
be fitted. It would be (and is) almost equally
troublesome when mounted on dry land.

There is one aspect of the Naval environment
in which the Navy is at a distinct disadvantage
compared to its sister services. The nature of
ship requirements is such that, firstly, an
extremely wide range of equipment is fitted in
almost all warships and secondly that, unlike
the Army or the Air Force it is not normally
possible to rely on “‘Base” or “Second Echelon™
maintenance between *‘Missions.”
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A particular squadron of aircraft or unit of
armour has, it is thought, a relatively limited
amount of fitted equipment. Though the
quantities may be relatively high, considered
overall, the range of equipment is limited, it
can be removed easily and comfortably for
servicing and it is possible to divide the talents
of the technical effort available conveniently.

Any ship larger than a frigate, on the other
hand, seems to be fitted with at least one
example of almost every menifestation of the
electronic designers’ art over a long period of
years. The result is that a large range of tech-
niques have to be mastered and met by a small
number of technical staff in every ship and since
technical complements are of necessity limited,
it is quite impossible to handle simultaneous
breakdown in a number of equipments. This
leads to the conception of “queuing” for main-
tenance which, as will be shown subsequently,
has a considerable effect on design desiderata
and, ultimately, on the effectiveness of the ship
considered as an integrated fighting unit,

5. Some Design Approaches to High Reliability

While it is undoubtedly true that the ultimate
reliability of any system is dependent upon the
intrinsic reliability of the components from
which is assembled, this aspect is most profit-
ably considered on a statistical basis. There
remain a number of generalized approaches to
the design of highly reliable equipment some of
which will be discussed briefly.

5.1. The use of components of the verv highest
quality and conservative rating

The value of this approach may be said to be
self evident. In the practical case, however, so
far as Service equipment is concerned it is of
somewhat limited application. Service equip-
ment has, perforce, to be produced in quantity
by semi-mass production methods, and beyond
establishing high standards for Services pre-
ferred components, a matter constantly under
review, and, it may be added, constantly under
fire from the industry, there is not too much that
can be done to exploit this approach.

The ultimate application of this line of attack
has been seen in the design of the sub-ocean
repeaters for the Key West and Trans-Atlantic
telephone cables where the resultant product is
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expected to have a life of 25 years in continuous
operation.

All components used are of the ultimate in
quality, hand selected from large trial batches
and installed under conditions of advanced
industrial hygiene. The valves used in the
American designed repeaters are of low mutual
conductance having wide inter-electrode spac-
ings and with special attention given to heater/
cathode design with a view to the avoidance of
performance drop due to interface formation in
the cathode structure,

5.2. Design for rated performance in the
presence of drift of component values

Two possible approaches present themselves.
In the first, the design is made such that the
essential performance characteristic required is
made dependent upon the smallest number of
components which can then be especially
selected, leaving the remainder of the associated
parts of “normal” quality.

In the second, an extension to the first, the
approach is to make the fullest possible use of
heavy negative feedback so confining the vari-
ables of performance criteria to the limited
determining

number of components the

feedback factor.
(247 %II‘
IN {
—T[- !

Fig. 3. High-stability feedback amplifier.

VAN

Figure 3 illustrates a highly-stable feedback
amplifier used in a valve voltmeter! having a
large loop gain and very modest overall gain.
Clearly the variations of the gain characteristic
with time and ageing depend, almost entirely,
on the stability of the two resistors R1 and R2.
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A recent exploitation of this approach has
been seen in the design of the sub-ocean tele-
phone repeaters designed also for the Trans-
Atlantic telephone service, by the British Post
Office. While conventional valves of high per-
formance are used to provide high loop gain,
long term performance is assured by the use of
two paralleled amplifiers with a single stage
feedback loop around the paralleled pair.

This approach does not seem to have been
used, as yet, in any Naval equipment though
the writer has noted its application in line
amplifiers designed for military use.

5.3. Design for continued operation at reduced
performance in the presence of total failure
of sections of the equipment

With some types of equipment, notably radio
transmitter systems, it is possible to assure high
availability of service by arranging to split the
equipment into a number of chains of reduced
power which are effectively *“paralleled” at
some stage, usually the output, to provide the
total power required. The complete failure of
one chain does not, therefore, result in a com-
plete loss of facilities but, in the case of a twin
chain radio transmitter, merely results in a drop
of 3 db in radiated power.

The method has been largely exploited in the
post-war sound and vision transmitter designs
of the British Broadcasting Corporation and in
its latest application has been applied to
the recently installed range of television
transmitters.

This type of approach has been applied in
somewhat different form in the early years of
Naval Wireless but has had no recent applica-
tion, In the case of radio equipments the
method depends essentially upon the main-
tenance of an accurate phase balance between
the two paralleled chains and is therefore not
very suitable for equipments which thave to
operate over a wide frequency spectrum. Nor
would it be easy to apply in the microwave
region.

5.4. Provision of arrangements for the detection
of incipient faults before they occur
The essence of any scheme of this nature is the
detection of incipient breakdown, or of a falling
off of performance, of some component before
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it endangers the overall operation of the system
as a whole. Unfortunately, as is shown later,
the statistical nature of component failure in
well designed systems tends to be entirely
random and “catastrophic,” while components
subject to this type of failure seldom give any
prior indication, The method is therefore more
applicable to slow deterioration and in par-
ticular to ‘the slow deterioration of the mutual
conductance of valves.

An excellent example of the application of
this technique is to be seen in the monitoring
arrangements for the Leo Computer®. In this
equipment means are provided for the selective
application of a 50 c¢/s metered waveform to
the grids of all valves so swinging their grids
and mutual conductances over a range deter-
mined by its amplitude. Valves having sub-
standard performance will “fail” (to function
in their respective associated circuitry) at
impressed amplitude levels below that which
“fails” standard valves and so can be replaced
before failure occurs under working conditions,

The method is elegant and is said to be most
successful, It seems, however, to be applicable,
in the main, to the type of circuitry, common,
of course, in computers, where valves are used
in the role of binary “on/off” switches and are
normally operated in a fully conducting or fully
cut-off state.

5.5. Design for the speedy diagnosis of an
overall system failure.

A major difficulty in very large systems is to
discover, quickly, precisely what has failed.
The problems of logical monitoring, with the
minimum number of steps, form an extensive
study in themselves and cannot be explored at
length in this general review.

Suffice it to say that, for the reasons to be
discussed further below, it is of the greatest
significance to the overall efficiency of a ship
that fault diagnosis and the subsequent repair
should be conducted with the minimum of delay
and that failure to do so has repercussions on
the ship, considered as an integrated weapon,
far more serious than might be, intrinsically,
expected.

This leads, immediately, to the use of exten-
sive monitoring and metering systems which
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are, in fact, widely exploited in the latest
designs. The practical difficulty, at the design
level, lies in keeping them within practicable
and inherently reliable bounds, and arranging
them with a degree of circuit logic which leads
the maintainer to the fault with the minimum of
technical detour and waste of tinie.

5.6. Design for rapid repair of faults once
located

While it may be self evident that any fault
should be rapidly repairable the point has a
special significance in the Naval case where the
number of maintenance staff is necessarily
limited, and where, inherently, it is necessary
either to postulate a fair measure of diversity in
failure or for equipments to “queue for
maintenance.”

The current catchword is “repair by replace-
ment” but in a ship carrying a very wide range
of equipments and an even wider range of com-
ponent sub-assemblies this is very much more
easily said than applied in practice.

5.7. The provision of immediately available
replacement units

The statistical probability of component
failure with currently available components,
and their observed failure probabilities, is such
that it is exceedingly difficult to meet a require-
ment of the nature of that postulated in Section
3, where a “large” equipment is concerned.

It will be shown, subsequently, that by suit-
able sub-division of the equipment and by the
provision, at each sub-divisional level of two, or
even three, replacements, instantly available,
and switched by manual or automatic means,
the overall reliability of an equipment built up
of currently available components can be
markedly increased and can, in fact, be brought
within the required limits. This is an important
approach and is discussed further in subsequent
sections of this paper. It is, of course,
“uneconomic’ and, in fact, is an exploitation of
the principle of redundancy. It is also not very
easy to carry out in practice.

6. The Pattern of System Failure
6.1. Component failure pattern
The final product may be truly said to be no
better than its most unreliable component ele-
ment while the failure resistance of components
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themselves, may be said to rest, firstly, on the
success of the design and manufacture of the
component (contributing to the pattern of ran-
dom failure) and secondly on the stresses
applied to it in a specific application (contribut-
ing to the pattern of “wear out” failure).

As an initial step to considering system
failures it will therefore be as well to examine
the statistical pattern of component failure and
its underlying causes. This can be considered
under four main headings.

6.1.1. Initial failures

These are caused by some positive defect at
the time the component is first put into service
and, generally speaking, are the result of some
event in the earlier life history of the com-
ponent. Such an event might be an error
in its inherent design, or in its manufacture
or a mishap during its subsequent storage,
transportation or installation.

Such failures occur in the very early life of
the completed equipment and are entirely ran-
dom. Their incidence is unconnected with time
and, statistically their occurrence pattern
follows a Poisson distribution. They should
normally be eliminated during the tuning, test-
ing and setting to work of the equipment, and
given also a reasonable “soak” period before
the equipment is turned over to the ultimate
user, they should not affect subsequent
reliability to any great degree.

6.1.2. Failures due to poor equipment design
If, due to poor design of an equipment, the

components are subjected to excessive ratings,

are in an unsuitable temperature environment,

I
B3I — ]
07} -
06f——= _ -

05| L L. A ——

04 |— — XA — — —

03— —

0.2} N

FRACTIONAL SAMPLES

0+ |
100
TIME, HOURS 1000
Fig. 4. Exponential (Poisson) failure
curves of receiving valves.

distribution

632

. .
gLk
o« }
2
-
gl
[
o -
[- 4
wl
= |&
=
=4 -
z
je— MEAN TIME TO FAILURE —> TIME, HOURS
Normal Error C — paEIl
ormal Error Curves y cVT-r -exp T
where ¢ Elapsed Time
Mean Time to Failure
o Standard Deviation
Fig. 5. Gaussian (wear out) failure distribution curves

for incandescent lamps.

or are asked in some other way to handle
stresses beyond their designed capacity, failures
will clearly occur.

They are inherent to the design of the par-
ticular equipment and are predictable insofar
as they will tend to recur in all similar equip-
ments. Statistically speaking the failure distri-
bution is Gaussian with a short term mean time
to failure. They are subject to eventual eradica-
tion by either modification of the overall
design to give improved working conditions,
or by substitution of a more robustly rated
component.

6.1.3. Random failure

A considerable and most important class of
failures are entirely random, the moment of
failure being a matter of pure chance entirely
unrelated to time in service, Statistically a
Poisson’s distribution is shown, the failure rate
being a constant with time and at a level deter-
mined by the “goodness” of the component,
Figure 4 shows such a distribution in the case
of a particular type of receiving valve.

This type of failure is typical of “good”
designs and is to be expected with well designed
equipment built up of suitable components,
during its expected working life.

6.1.4. “Wear out” failures

All man-made objects have a finite life and
eventually fail from deterioration of material
or of some property necessary for their proper
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functioning. The statistical pattern of this type
of failure is well established and is Gaussian.
Figure 5 which illustrates the type is a histogram
and associated normal error curve covering the
wear out failure of incandescent lamps.

6.2. Equipment failure pattern

The overall failure pattern of an equipment
or system comprising a large number of com-
ponents will, therefore, be a combination of
these four types of failure and, over the whole
life of an equipment will have a general form
somewhat as shown in Fig, 6. The solid curve
shows the life characteristics of an equipment
made up of “good” components, the dashed
curve the characteristics of a similar equipment
using “poor” quality component parts.
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Fig. 6. Equipment overall failure pattern.

Considering this curve it will be seen to
exemplify the four types of component failure
discussed in the preceding paragraphs. The
initial failure rate up to point “A” is high and
is attributable to the types of failure considered
in section 6.1.1 and to some extent section 6.1.2.
This is followed by a period of low failure rate
and highest reliability making the minimum
demands upon maintenance attention. Failures
during this phase are random and follow the
pattern indicated in section 6.1.3. The stabilized
plateau varies in height and length for different
types of equipment. In a large-scale production
run, as production proceeds and the product
becomes more reliable, the point “A” moves to
the left and downwards and less factory testing
time is necessary to eliminate initial failures.

At point “B” reliability again begins to
decrease as we move into the domain of wear
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out failures, and, at some point beyond “B,”
depending, again, on the type of equipment and
the circumstances, further maintenance of the
gear becomes uneconomic and either large
numbers of worn out parts should be replaced
or, more probably, the whole equipment should
be scrapped.

Considering, now, the dashed curve, we see
that due to the use of poor quality components
the plateau region of stability is never reached
and, as a result it is quite impossible to reach a
measure of stable reliability by factory testing.

6.3. Equipment test programme

It will be evident from the above that the
final user should not get the equipment until
point “A” has been passed and it is operating
on the stable plateau with a random fault
incidence, Scheer? has discussed this issue and
concludes that for a certain (airborne) equip-
ment containing some 2,000 component parts
the required period of factory running, to reach
point “A” was some 200 hours. His analysis
in detail, indicating the nature of the test pro-
gramme and the incidence of the faults thrown
up at the various stages, is given in Table 1.

Table 1

Typical % failures during test programme

Test Percentage faulty
48 hour shock test on bump table 49-2
18 hour tuning up to rated performance 11-1
3 hour overall system test 15-9
3 hour quality control test 64
1 hour climatic (cold) test 7-9
125 hour scak test 9-5

These results indicate clearly the progress
towards failure stability over a particular fac-
tory testing cycle, and, in particular, emphasize
the importance of the initial shock test. It may
be remarked that in the U.K. such a test pro-
gramme, except for prototypes, is believed to be
the exception rather than the rule.

6.4. Component reliability

Considering, now, the relative reliability of
differing component classes, an analysis from
American sources based on 79 equipment
failures arising in 33 similar airborne equip-
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ments over an operating epoch of 2,800 hours
showed a breakdown as in Table 2.

Table 2
Number of equipment failures due to different
components

Component Type N&?;Sreers()f

Valves All types 45
Relays Sealed (Design fault

revealed) 11
Unsealed 1
Capacitors Tantalum 5
Paper 1
Vacuum 1
Switches Stepping 2
Wafer 1P
Input 1
Aneroid 1
Resistors Wire wound variable 1
Filters Chokes A
Miscellaneous Plugs 3
Solenoids 1
Clutches 1
Gears 1
Dials 1
Total 79

Valves are seen to form by far the most
unreliable individual group. In the particular
equipment cited the population was 93 valves
per equipment of which 67 were of the sub-
miniature type. Considering the remaining
components, the order, in terms of numbers
fitted, was capacitors followed by resistors and
relays. It will be noted that resistors showed
up remarkably well.

An analysis of the actual nature of the
individual component failures also showed that
most of them were quite fundamental and
would never have occurred if the components
had been subjected to (by modern standards)
adequate life tests before going into production.
They were, in fact, entirely avoidable by up to
date methods of life testing and subsequent
quality control.

6.5. Equipment reliability

Turning now to somewhat larger systems
working in the rather easier environment of
Naval service, extensive analyses have been
carried out in both the U.S.A. (U.S.N. Bureau
of Ships) and in the United Kingdom on Naval
equipments actually in use.
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In both countries (but not at present in
Australia) a system of 100 per cent. reporting of
electronic component failure has been intro-
duced. Every component which fails is reported
back to headquarters with appropriate details
as to its location in the equipment, attendent
circumstances and other relevant data. The
degree to which 100 per cent. reporting is in
fact achieved is, no doubt, open to some conjec-
ture. The writer’s impression has been that in
the Royal Navy the real figure was somewhere
around 80 per cent. U.S.N. estimates, based on
control checks carried out on certain specific
equipments are somewhat less sanguine and
point to a total figure of about 43 per cent.

The fact, however, remains that there is
available a very large amount of field data on
which statistical processing can be carried out
with some conviction. U.S.N. figures quote
45,000 reports per annum on some 6,000 equip-
ments covering 22,000 equipment failure
incidents, These should be adequate data on
which to base statistical opinions.

Harris and Tall* have attempted this task.
An initial attempt was made to correlate the
observed equipment failure rate with the num-
ber of components in an equipment, that is to
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Fig. 7. Correlation of failure rate with number of
components.

say with its “size.” Figure 7 shows the number
of equipment failures per 1,000 hours of opera-
tion for a number of shipborne electronic equip-
ments plotted against the number of com-
ponents fitted in each equipment. Radial lines
drawn through the origin represent therefore
equal levels of failure rate per component, The
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fact that several equipments group themselves
along a particular radial indicates the strong
influence of the number of components on
equipment reliability. The fact, however, that
all equipment failures do not, in fact, fall along
a single radial indicates that other important
factors are present.

The equipments selected for this examination
were widely in use and in all cases subject to
the full hazards of Naval usage. It is note-
worthy that no evidence was found that age had
any influence on the failure rate indicating that
the equipments were working within their
expected useful life epoch and had not yet
reached the wear out point.

Radar “C” was an improved version of
Radar “B” while similarly Radar Repeater
“C” was an improved version of Radar
Repeater “B.” In each case initial design mis-
takes had been eliminated (see section 5.2) with
a marked improvement in reliability.

Terminal Equipment “A” and Terminal
Equipment “B” were with one exception
identical equipments. The exception lay in the
fact that Terminal Equipment “B” was fitted
with blower cooling while Terminal Equipment
“A” was not, The improvement of almost 2:1
in the reliability of an already reliable equip-
ment is clear evidence of the great effect of
temperature conditions on overal] reliability.

7. The Pattern of Component Failure
It is clear that, to draw any conclusions as to
the reliability of any design using a large num-
ber of components, some knowledge of the
statistical reliability of components, both con-
sidered in the mass and under appropriate
sub-divisions, is essential.

Considering first the overall picture, the task
of obtaining reliable figures of component
failure from the field is, clearly, far from easy.
A number of major studies have, however been
made, notably in the U.S.A. from which some
indication of the pattern can be derived.

In 1950 the U.S.N. had in service some
165,000 individual electronic equipments com-
prising some 2,600 individual types®. Broad
classifications of components (excluding valves)
considered amounted to S0 classifications and
broke down to some 23,503 individual pattern
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numbers. the whole having a statistical popula-
tion of about 20 million individual items.
Experience showed that about one million
individual component failures occurred during
a year’s working giving an annual failure rate
of about 5 per cent. per annum or, in terms of
time at the 1,000 hr. rate, 0-57 per cent. The
latter figure is quoted as a rough basis of com-
parison with figures that follow. It will be
apparent that on block figures of the type
quoted above, the real duty cycle of operating/
idle time is unknown. On a “per equipment”
basis this amounts to somewhere around 6-8
failures per equipment per annum. While this
may, at first sight, appear to be a not unreason-
able figure it none the less represents an
immense annual maintenance effort.

A parallel study at about the same time?, by
the Bell Telephone Laboratories involved, inrer
alia, a detailed examination into the reasons for
the failure of a very large number of individual
components. The results of this are given in
Table 3.

Table 3
Cause Percentage
Manufacturing defects 28
Design deficiencies 26
Operating conditions 31
Undetermined causes 15

From the above it is seen that 54 per cent. of
the troubles encountered could be imputed to
poor design or manufacture, most of which
could have been obviated by better quality con-
trol methods both in the manufacturing plant
and in the works where components were being
assembled into equipments. Very similar
figures can be quoted from U.K. sources. For
example, in Table 4 are shown annual failure
rates for the extensive electronic instrumenta-
tion used by the Atomic Energy Research
Establishments of the United Kingdom3, When
considering this, it must be borne in mind that
the working environment was, probably, highly
favourable.

Table 4, which is based on a very large
statistical population, gives a clear enough
pattern of the overall component failure pattern.
It is particularly noticeable that even at present
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valves have a failure rate about 12 times in
excess of other components. Similar ratios
quoted elsewhere for the U.S.N. show this ratio
to be somewhat lower (around 4-6) while figures
quoted by the R.N. and R.A.F. show a ratio
respectively of 20-25 and 15. Discounting any
discrepancies in detail it remains abundantly
clear that valves, considered as a group, con-
stitute by far the most unreliable single group
of components. (See also section 6.4.)

Table 4
Failure rates in A.E.R.E, electronic instruments

% % Un- % Fractional
% Failurcs weighted Failure Rate

Component Failure per 1.000  Av./Group per Com-
Rate hr, per 1,000 ponent per
Working hr. 1.000 hr.
Valves
Rectifiers 9.1 1-02
Double Diodes 1-66 0-19
Double Triodes 6-8 0-77 0-35 0-0035
Pentodes 267 0-3
Stabilizers 4-18 0-48
Resistors
High Stability 0-73 0-08
Carbon 0-25 0-03
Wire Wound 0-30 0-03 0-04 0-0004
Pots-composition (-24 0-03
Pots-wire 0-21 0-02
Capacitors
Paper 0-22 0-02
Visconol 0:29 0-03
Nitrogel 0-15 0-01
Mica 0-18 0-01 0-03 0-0003
Ceramic 0-15 0-01
Electrolytic 095  0-10
Inducl(;rs ,
Transformers 2:06 0-20
Chokes 017 o.01 010 0-0001
Miscellaneous
Relays (P.O.) 0-29 0-03
Relays
(high speed) 0-85 0-09
Meters 1-28 0-14 0-21 0-002
Registers 6-32 0-72
Selenium
Rectifiers 0-61 0-07

Considering figures such as the above it fur-
ther becomes clear that, whereas, at present,
component quality is evaluated in terms of
characteristics, performance and so forth at, in
terms of ultimate usage, a time “¢=0" it would,
in principle, be most desirable to rate com-
ponents after very extensive life tests on the
basis of life expectancy and average failure
rate. A possible approach might be to rate

636

them on the basis of percentage failure per
1,000 hours operating time (Note that 1 year—
8760 hours). This has been attempted in the
U.S.A. and Fig. 8 represents a plot due to the
Radio Corporation of America.

This diagram represents an attempt to
indicate the component reliabilities required for
various Equipment Life Expectancies con-
sidered in the light of the number of com-
ponents fitted. Thus the failure rate/1,000

100.000

60.000

17.500

1000
EQUIPMENT MEAN TIME TO FAILURE

500

Fig. 8. Correlation of failure rate of components
fitted and cquipment mean time to failure.

hours of submarine cable repeater components
subjected to stringent manufacturing conditions
and 100 per cent. quality control selection, was
found to be of the order of 0-0029% per 1,000 hr.
while the corresponding figure for the com-
ponents in general use in domestic radio was
05 per cent. Between these two extremes the
chart shows the Equipment Life, per number
of components fitted, to be expected for a num-
ber of discrete component failure rates.

The basic levels of ‘“reliability” plotted
increase in each case by a factor of 10 x logy, 10
since, given a particular component this
order of increase can usually be attained with-
out further ado by merely working it under
de-rated conditions.

It is of some interest to note that the overall

Journal Brit I.R.E.



RELIABILITY AND MAINTENANCE IN

LARGE ELECTRONIC SYSTEMS

failure rate of the very “modern” equipment
referred to at the end of section 2 is approxi-
mately at the “S” level being some 0:65% /
1,000 hours. Analysis showed that this, some-
what high, figure was largely attributable to
valve failure (valves were all of ‘“normal”
quality) which averaged 3:3% /1,000 hours (see
also next section). Resistors and capacitors,
constituting some 78 per cent. of the total com-
ponent population, had failure rates of
0-126% /1,000 hours and 0:0949 /1,000 hours
respectively. These results are somewhat worse
than the figures shown by A.E.R.E. in Table 4.
The discrepancy is, probably, due to the
invalidity of a direct comparison of uncorre-
lated statistics. The broad picture, however, is
again clear,

8. Reliability of Valves

It is not intended to explore the details of
component reliability in any detail since it is
felt that this aspect is amply covered by other
papers. A word must, however, be said on the
subject of valves since, as has been shown, as a
group, they have an order of reliability far less
than any other major group of components.

A study® of 45,013, allegedly, defective valves
from 44 types of airborne radio equipment
having a total socket population of 489,049
showed the results given in Table 5.

Table 5
Percentage defects in discarded valves.
Defects Per cent.
None found 31-8 a
Electrical 28-7
Mechanical 21-0
Miscellaneous 18-5

A typical fault pattern of a very widely used
high performance valve available in both
“normal” and ‘“‘reliable” guise (6AK5/5654)
showeds, in the “reliable” form a failure pattern
in terms of types of defect, as given in Table 6.

The current attack on the matter of improv-
ing the reliability of valves may be summarized

and commented on under the following
headings:

(i) “Burn out” the initial failure component
(see section 6.1.1.) by an initial factory ageing
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‘Table 6
Percentage of different faults in 6AKS/5654
valves,
Faults Per cent.
l.ow mutual conductance 31
Gassy 2
Open circuited heater 4
Intermittent shorts 17
Permanent shorts 13
Noisy 124
Broken bases 3
Broken envelope 4
Miscellaneous 16

run for all valves. On the basis of a 20-hour
run this is said® to reduce output by 30 per cent.
and double the cost as compared with “normal”
valves.

(ii) Minor detailed improvements, mostly of a
mechanical nature, to existing valve types
together with production under a “hygienic”
rigidly controlled regime resulting in “reliable”
valves in the current classes. This approach
is being widely followed in addition to the pro-
cedure outlined in (i) above. In its own right it
is said to reduce output by 30 per cent. and
increase cost by 75 per cent.

(iii) Design, ab initio, of “reliable” valve
types outside the current ranges (section 5.1)
and produce valves with the main accent on
reliability—probably at the expense of perfor-
mance. This is said to reduce mass production
capacity by 75 per cent. and to increase costs by
200-900 per cent.

(iv) Eliminate the base and use permanently
connected flying leads. This is being widely
exploited, in particular in the U.K. It seems
to the writer to be largely dependent for its
success on increasing the reliability of valves
per se and the stress laid by the valve manu-
facturers on socket difficulties (though they no
doubt exist), could possibly be exaggerated.
Suffice it to say that some ‘“modern” multi-
valve, r.f. designs (i.f. strips) using wired-in sub-
miniature valves, though elegant and neat to
see, have aroused, at least, some measure of
doubt as to their real practicability. The con-
ception of “remove the whole unit and repair
at leisure” is not in fact too easy to apply in the
Naval Service.
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(v) Close attention to circuit and environ-
mental application. In the writer’s experience,
apart from a not inconsiderable tendency to use
“uncontrolled” valve characteristics (cf. “tran-
sitrons”) as part of essential circuitry, on the
whole, it is not generally true to say that valve
circuit application as a whole causes wide over-
loading of valves. It would be truer to say that
valves are frequently fitted in sockets where
they get far too hot and it is perhaps necessary
to point out that most of the modern miniature
and sub-miniature range have characteristics
comparable or better than the conventional
ranges but involve the dissipation of identical
or more heat in a much smaller envelope.

No one who has worked for any period of
time in a Research and Development Establish-
ment dealing with modern weapons can let one
major hazard of the valve world pass without
comment. Designers are supposed to work to a
Services Preferred List of Valves and to use
other valves, only, when some electrical
characteristics, not available therein, become
essential. Valve types and characteristics suffer
unfortunately from wide and cyclic changes
most of which can be only ascribed to, at best,
fashion, or at worst more sinister influences. It
takes from initial conception to production ar
least ten years to produce a really large,
advanced, modern equipment. The alarming
conclusion is reached that, in practice, the
Preferred Valves of the earlier stages of design
have regressed to the “obsolete” list by the time
the equipment comes into service, This is a
very real problem and in the Navy at least,
where quantities involved are not very great
constitutes a real practical difficulty.

Valve manufacturers are most reluctant to
produce short production runs of what are to
them “obsolete” types. Such runs also tend to
make for very unsatisfactory valves (see also
section 5.7).

It may be useful at this stage to tabulate” the
life, and failure rates necessary to attain it, for
a wide cross-section of applications using valves
(Table 7).

Finally, since no discussion of valves can,
nowadays, be conducted without consideration
of the possible ultimate advantages of tran-
sistors it will be well to sce how they are in fact,
performing in practice. The dubious qualities
are of course, their temperature dependency
and as yet uncertain ageing characteristics’.
Enough have however been employed in com-
mercial service, notably in the U.S.A. to enable
some broad. conclusions to be drawn (Table 8).
Some interesting figures as to valve performance
are, incidentally, included.

It is apparent from the above that, in appro-
priate utilization, existing transistors show
markedly lower failure rates than normal
quality valves.

9. Component Reliability — The Benefits of
De-Rating

Before leaving the generalized topic of com-
ponents it is desirable to consider, briefly, the
benefits to be obtained by operating them under
de-rated conditions, This, in general results in
a marked reduction in the heat dissipation the
benefits of which have already been instanced
in Section 6.5. Alternatively other charac-
teristics may benefit.

Table 7

Failure rates for valve applications.

Permissible

. No. of system Unit hours Failure
Service valves failure % Time before Rate %/
interval on duty failure 1.000 hr.
(hr.)
Domestic Radio 6 4,500 10 2,700 37
Submarine Repeater (Key West) 18 175,000 100 3-2x 106 0-031
Telephone Switching Centre 8,000 4,500 100 3-6 x 106 0-028
Shipboard Communication (1) 23 2,160 65 32,000 31
Shipboard Communication (2) 48 2,160 87 90,000 1-1
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Figures 9, 10 and 11 show graphs of the per-
centage failure rate/5,000 hours operation of
resistors, capacitors and valves under various
degrees of application severity®. They speak for
themselves and indicate clearly the very con-
siderable gain in reliability which can be
achieved if it is possible to arrange for de-rated
working.

With the first two classes of component this
should not present too difficult a problem
though the question of size in an age of
miniaturization is always with us. In the case
of valves a considerable number of applications
call. unfortunately, for the extraction of the
maximum gain/bandwidth product and in such
instances de-rated working is less easy to
achieve.

10. Increases in Reliability due to Equipment
Sub-division

From Fig. 7 the relationship between com-
ponent reliability, number of components fitted
and mean time to equipment failure has been
approximately indicated. The possibility of
increasing equipment reliability, with a given
quality of available components, by sub-division
will now be examined in detail.

It will be assumed that the equipment has
been properly installed, that initial component
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Fig. 10. Curves of failure rate versus application
severity for capacitors.

difficulties have been rectified and that it is
working on the flat “plateau” of the working
hours/failure rate curve of Fig. 68. The com-
ponent failure distribution will therefore be of
Poisson type and the failure probability will be
a fraction @, less than unity, which will be a
constant with time. It will, further, be assumed
that a is the weighted mean failure probability
for all types of component in the equipment that
is to say that if N, components have a failure
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Fig. 11. Curves of failure rate versus application
severity for valves. Classes of application severity—
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Y <790-100
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probability @,, N. . . . @ and so on then
Na N1a1+Ngag+ 6 60 9° oo o +N,a,
where N N1+Ng+ ...+ ... +N, (1)

With an exponential life distribution, such as
has been assumed, given a total number of com-
ponents N the number which will be working
after a time 7T is

N.,=N exp (- kT)

where k represents the mean probability of
component failure and may be expressed as the
failure rate per given epoch.

The equipment availability for service, proba-
bility of success, or “reliability™ is, clearly, the
probability of working which will be designated
P, giving a probability of failure (1 -P,).
Assuming that amongst the number of com-
ponents embodied in the equipment, N there
are N, having a probability of failure «,, then
the probability that all of these work during a
stated interval of time is (1 - @) and similarly
for further groups.

Applying the laws of “parallel” (AND/OR)
probability it follows then that

Po=(1-a) . (1-a)**....(-a) .03
(1 - N /Nt . (1= Nogs/No)e o . ..
.. (1=N.a,/N,)%
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-exp [( = Nia). exp (- N.ay) .. .exp (- N,a,)]
= exp [(- (N +No + . . . N.a)]
Or P,=exp ( - Na)= Equipment Reliability

Considering a particular equipment for which
the total number of components N amounted to
10,000 and assuming a working interval ¢ of 10
minutes since this is directly related to the
availability specification of Section 3 the relia-
bility will vary with the component probability
of failure, over a ten-minute epoch, as shown
in Table 9.

Table 9

Equipment reliability (P,) for different values of
component reliability a.

a P, Remarks
0-01 0-00005 Totally unacceptable
0-0001 0-37 Unacceptable
0-00001 0-91 Acceptable

It is apparent that a system is unlikely to be
acceptable unless Na is less than 0-1 implying
in this specific case that ¢ should not exceed
0-00001.

Unfortunately evidence on the broad relia-
bility of components as available in quantity at
present, suggests that the failure probability is
around 0-0001 in actual practice (Fig. 6) whence
the prospects of producing a reliable system
containing 10,000 components do not seem to
be too promising.

If, however, we consider the same equipment
containing N components and sub-divide it into
a number of sub-sections n which, for purposes
of this broad argument, we will assume contain
an equal number of components (though they
would evidently differ in electrical function)
then each sub-section will contain N/n com-
ponents. The probability that any one of these
sub-sections will be working over a stated
interval of time now becomes

P=1-[1-(1-a)"]?

The probability that ar least one of the n
types of sub-section will be at all times working,
i.e. that the equipment as a whole is working
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becomes, in
sub-sections

P.=(1-[1-(1-a}"F}"

the case of duplication of

Or, in the general case where we put no limit on
the number of sub-sections to be used, or the
degree to which they, themselves, may be
“multiplicated”

P={1[-1-(1- @] }»

where r is the number of alternatives available.
The physical picture is presented in block form
in Fig. 12. Many important deductions can be
made from these formulae.

Equipment having N com-
ponents. a=Probability of
N component failure,
COMPONENTS Reliability
P,=N exp(—Na)
(al)
(7 Equipment also having N com-
& O D ponents sub-divided into =n
sub-sections, each sub-section
D D D D contains N/n  components,
OO 0O 0 Reliability of individual sub-
section
gogoao r=a-a¥.
(b)
ﬂﬂl] ﬂ]ﬂ]] Duplicated ‘a‘lternatives for
each sub-division n the same
(M M B E  number of components N
divided into n sub-sections, each
E E . . sub-section being duplicated.
Equipment reliability
MEOO a-(-fi-a-avm)y

‘
o
~

Fig. 12. Diagram explaining sub-division of
equipment.

The curves of Fig. 13 are based on the
assumptions that N=10,000 and that r=2, that
is to say, that the sub-sections are duplicated.
In Fig. 14 the curves are repeated using
logarithmic ordinates on both axes to bring out
the detail for the low values of failure proba-
bility in which we are interested, It is seen at
once that where a=0-001, i.e. Na=10, duplica-
tion of equipment is entirely inadequate since to
attain a reasonable probability of failure, say
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Fig. 13. Failure probability versus sub-division for
duplicated equipment.

0-05 (probability of success=095) requires a
value of n of about 1,600 which is clearly a
totally impracticable degree of sub-division.

If, however, we assume a value for @ of about
0-0001, thought to be a currently attainable
figure, then, with duplication, n becomes 30
not, perhaps, an impossible degree of sub-
division in the case of the very large equipments
now under consideration.

If, by any chance, it were possible to reduce
a to 0-000001 a state of affairs far from being
realized as yet, i.e. Na=0'1, then a single equip-
ment (N = 1) would have a probability of work-
ing of 0-91 without any sub-division at all
which might well be acceptable.

For the extreme case where a=0-001 the
only possible alternative would be to resort to a
higher degree of multiplicating which would
probably be impracticable on other grounds.
While the curves for this have not been plotted,
the effect is to shift the present plots bodily to
the left indicating that a high degree of relia-
bility can be attained with a much lower value
of n.

’
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Fig. 14, Failure probability versus sub-division for
duplicated equipment at low values of (1-P).

641



G. C. F. WHITAKER

Summarizing, and stating the figures in terms
of probability of working, the position for an
equipment having 10,000 components sub-
divided into 30 sub-sections and considering a
failure probability over a ten minute epoch is
shown in Table 10.

‘Table 10

Probability of sub-divided equipment working
for different values of component reliability a.

i Duplicat Triplicat

a Single set USC:S' ¢ ”psétC: ¢
0-001 0-00005 0-09 0-98
0-0001 0-37 0-97 0-99

0-00001 0-91 0-99 Infallible

The conclusions of this study indicate that
the behaviour of a “large” equipment depends
upon the value of the product Na where N is
the total number of components and a is the
weighted, average, probability of failure of
components.

If Na < | the reliability of a single cquipment

will be high.

If Na = | the performance of a “single”
equipment will be unsatisfactory
but sub-division into a practical
number of sub-sections and dupli-
cation of those sub-sections will
provide adequate reliability.

If Na > 1 duplication of the equipment will
not provide adequate reliability
and triplication will have to be
adopted. In general, this is un-
likely to be practicable and unless
a higher component reliability can
be achieved the project is probably
impracticable.

These conclusions are not thought to be
widely known, The gap between the processes
of deductive statistical logic and what actually
happens is, however, also at times considerable®
(see also Section 12).

11. The Fighting Capacity of a Warship

For the purposes of discussion of this aspect
of electronic reliability and maintenance it will
be assumed that the fighting capacity of a ship
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can, broadly speaking, be assessed as the per-
centage of its total “armament,” using the term
in its widest sense, which is in full operational
condition at any time.

It is clear that to detect diagnose, and repair
faults in armament systems takes time and in
Section 5.5 it has been suggested that the time
taken to rectify faults may have repercussions
on the fighting efficiency of a ship far beyond
what might at first sight have been expected.
This suggestion will, now be examined further.

In general the “armament” of a warship con-
sists of a relatively large number of complex
systems. The armament of H.M.A.S. Vovyager,
a Daring class Destroyer, includes, inter dalia,

9 weapon control/weapon systems,
7 radar equipments,

11 radio transmitters,

18 radio receivers.

It includes, in addition, a large number of
essential ancillary devices such as gyro com-
passes, electric logs, navigational aids, de-
gaussing equipment, inter-communication and
ship broadcast equipment, alternator voltage
regulators, and so forth, all of which depend,
to a greater or lesser extent, on the applications
of electronics for their functioning. For the
ship to be fully effective all of these systems
must be working to full rated standards.

For the reasons indicated in Sections 4 and
5.6 the available maintenance complement
borne is, and inherently always will be, insuffi-
cient to handle the simultaneous failure of more
than a very small percentage of the total arma-
ment. It follows, therefore, that should such
failures occur sets that become defective will
have to wait their turn for maintenance. The
effect of this potential delay on the overall fight-
ing capacity of a ship as defined at the start of
this section will now be considered.

For the purposes of the argument that follows
it will be assumed that a number of discrete
systems N are fitted and that they are all of
equal complexity. If they are not a “weighting”
factor can be readily introduced.

The following terms will be defined:

Reliability R is the average time that an
equipment is in a fully operational state, the
working interval ready/not ready including
stand-by periods.
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Ease of serviceability (S) is the average time
taken to find and rectify a fault.

Availability (R/(R +5)) is the fractional time
that an equipment would be available if no
delay was incurred in repairing faults due to
waiting time.

As has been said, H.M. Ships are so manned
that there is always a strong chance that cquip-
ments may have to “queue” for maintenance in
the event of any serious simultaneous break-
downs; while the number of major equipments
fitted is such that the possibility of this occurr-
ing is, at least, quite probable. Let Q be the
average “queueing” time, that is to say the time
that an equipment must remain out of service
before receiving attention simply due to lack of
available maintenance personnel,

Under these conditions it follows that the
“Availability” in which we are primarily
interested, is not R/(R +S) but

A=R[/(R+Q+Y5)

If, therefore, a ship has N equipments in her

armament and is subject to the conditions
postulated above, the fighting capacity becomes

NR
F = m . IOO% ......... (10)
Now this can be written
_ NS R o
F__R+Q+S'S . 100% ...l an

The fraction NS/(R +Q +S) is clearly the total
proportion of time devoted to maintenance or
in terms of “unit” maintenance staff, the man
hours required for maintenance.

Since, in fact, not one man but several will
be available and since, also, they work some-
thing less than a 24-hour day the available man
hours can be expressed more succinctly as

Man hours=M x W
where M is the number of maintenance ratings

borne and W is the practical average working
hours per diem. It follows, then, that

Percentage fighting capacity of a warship
=(MWR/S) 100% ...(13)
This seems to be an important conclusion.

While it is admittedly fully effective only
when the maintenance staff of a ship is “over-
worked,” since this state of affairs is the rule
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rather than the exception, the broad principles
implicit in this conclusion may well be of
wide application and certainly demand more
consideration.

\

It is first of all clear that so long as this state
of affairs obtains and equipments have to
“queue” for maintenance the fighting capacity
of a ship is in no way dependent on the number
of systems fitted until it is reduced to the point
where the need to “queue” ceases.

Adding further armament without corre-
spondingly increasing the maintenance comple-
ment merely reduces the availability of the
equipment already installed and leaves the per-
centage effectiveness unchanged. It will, of
course, be understood that this statement is
subject to the definition of fighting capacity
given at the beginning of this section.

In actual practice the various systems fitted
differ considerably in their relative importance
and the effect of failure on the real fighting
capacity of the ship in which they are fitted.
If, however, the larger view is taken and it is
assumed that all equipment installed in a war-
ship is expected to work at all times then the
above argument holds.

The second important point revealed by this
“law” is that the fighting capacity can just as
well be increased by reducing S the difficulty of
maintenance, as it can by increasing M (the
maintenance complement), W (the percentage
hours worked per diem) or R (the reliability).
Consider these four variables briefly.

While every effort is made to increase M, in
actual practice, the bearing of technical ratings
is already relatively high in proportion to rat-
ings of other categories and for accommodation
and other reasons it is extremely difficult to
achieve any great improvement in this direction.

The factor W is clearly limited by man’s
endurance and the decencies of life, and there
are, clearly, limits beyond which the very will-
ing horses available cannot properly be spurred.

Factor R has already been discussed at great
length and it will have become apparent that,
while it is under continuous study, any radical
improvement presents considerable problems.
It increases very slowly with progress in the
overall art,
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We are left with variable S and it is suggested
that not nearly enough serious attention has
been paid to this aspect.

It is, in short, felt that the fighting efficiency
of a ship could be appreciably increased if a
great deal more attention were paid to simplify-
ing fault detection and repair.

An elementary and highly hypothetical
example may serve to emphasize the point.
Consider two warships each of which has 10
discrete “armament” systems all of which are
required. to be simultaneously and continuously
available, It will be assumed that each of these
systems is of equal reliability and that
experience shows that each of the systems shows
one stoppage every 94 hours operation. To
simplify the argument it will, further, be
assumed that, conveniently enough, the systems
fail in exact sequence one at a time, every 94
hours.

The ships are, as is normal, assumed to be
rather undermanned with technical ratings in
relation to the gear fitted and in this case the
tendency is taken to the limit in that each ship
has one technical rating, who, hard pressed,
might work a 12 hour day.

In ship “A” the equipments are very well
designed. Faults were easy to trace and repair
and any foreseeable failure could be traced and
rectified in 30 minutes. As a result, applying
formula (13),

The fighting capacity of ship “A” was 95%.

In ship “B” the equipments though equally
reliable were not nearly so well thought out
from the maintenance standpoint and, conse-
quently, it took twice as long to trace and rectify
faults. As a result

The fighting capacity of ship “B” was 474 %.

The lesson of this simple example is that a
30-minute difference in servicing time between
two equally reliable equipment systems has
made the difference between a very reasonably
effective fighting unit and one having more than
50 per cent. of its armament out of action, The
argument has, of course, been over simplified.
The implications remain true.

12. Monitoring and Maintenance

It will have become clear from the foregoing
and in particular from Sections 10 and 11 that
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speed in fault detection and repair is of the
essence. This leads directly to the consideration
of performance monitoring, fault detection and
repair philosophy. These are large subjects!!
and it is intended here to give, only, a brief
review of the issues involved and the decisions
which have to be taken when working on a
design.

Considering monitoring and measurement,
decisions have to be made at a very early stage
in a design on the extent to which the following
choices will be utilized:

(i) Continuous, intermittent, or sequential?
(ii) Quantitative or qualitative?
(1ii) Centralized or distributed?
(iv) Built-in or external (portable)?
(v) Static or dynamic?
(vi) Manual or automatic?

The selection made will obviously depend on
the nature of the equipment. It would, however,
be fairly accurate to say that for the very large
systems now under discussion no general and
widely accepted philosophy on such issues has
as yet emerged. The remarks which follow will
therefore serve only to outline the nature of the
problems and to indicate the writer’s personal
prejudices and views.

12.1. Continuous monitoring?

The question of whether monitoring should
be continuous or intermittent depends to some
extent on practical politics'®, If too many fac-
tors are monitored continuously the whole
supervisory equipment becomes impracticably
bulky. The line, in short, has to be drawn some-
where. In general this type of monitoring is best
confined to important parameters which are
likely to change slowly without immediate
impact on the gear or, alternatively, are abso-
lutely key factors in its overall functioning.
Examples of factors usefully subjected to con-
tinuous or immediately available monitoring
might be:

(i) Radar transmitter power output and
(possibly) frequency spectrum.
(ii) Receiver noise factor and possibly gain,
(iii) Functioning of receiver a.f.c. circuits.
(iv) Transmitter modulation (if any).
(v) Target range, bearing and elevation.
(vi) R.m.s. error signal in servo links.
The list could be added to or pruned. Enough
has been said to illustrate the principles.
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12.2. Qualitative or quantitative monitoring?

Considering the question of whether super-
visory schemes should present their findings in
qualitative or quantitative terms there are at
present two strong and opposed schools of
thought. The first takes the view that the
personnel recruited are inherently not too bright
and feels that the whole onus of making a binary
YES/NO choice should be made automatic and
that the resultant increase in circuit complica-
tion must be accepted. The indications then
appear as Red/Green lamp signals, meters
without scales but with Red /Green sectors and
the like. The working of such devices calls for
comparison of signals with built-in standards of
one kind or another and involves quite a lot of
additional, and possibly rather dubious,
circuitry.

The second school suggests that when dealing
with immensely complicated equipments of the
type we are now considering, unless men of
considerable technical competence are some-
how made available, there is little chance of
their functioning satisfactorily at all, If such
men are available then, in general, they prefer
to have indications in quantitative terms so that
the extent of any malfunctioning can also be
approximately assessed. This school is opposed
to any further circuit complication and is mis-
trustful of the validity of Go/No-Go indications.

The writer belongs, firmly, to the second
school.

12.3. Centralized or distributed monitoring?

The choice of whether monitoring arrange-
ments should be concentrated at a central
“monitoring desk™ or should be distributed
around the instrument racks, with perhaps a
minimum of centralized supervision depends to
some extent on the nature of the system.

Series systems such as those discussed in Sec-
tion 2.1 have, inherently very few operators
along the chain and there is little opportunity
for what might be termed “incidental” monitor-
ing by personnel who in any case have to be
present to carry out some operational function,
but who, with suitable training, might be
expected to detect incipient or actual faults at
the technical level,

Parallel systems of the type discussed in
Section 2.2 on the other hand usually also
necessitate the employment of a considerable
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number of men and, in these cases, some use
can be made of them for fault detection.

It is entirely possible to provide full
centralized monitoring and indeed systems of
this nature have been fully engineered and
subjected to trial.

The general conclusion, however, is that this
approach leads to too much complication to-
gether with resultant vulnerability. It involves
inherently a mass of circuitry, display oscillo-
scopes, impedance changers, uni-selectors, a
multitude of switches and miles of wire to an
extent that, in a warship, the supervisory system
tends to become so complex that its own
reliability becomes questionable.

In practice some form of compromise is
clearly called for and, in the writer's view,
centralized monitoring should be confined to
the parameters which are selected for con-
tinuous monitoring and to a few others of key
importance which, in terms of system logic, give
an immediate indication of the general location
of a fault area.

12.4. Built-in or external test facilities?
Considering the question of whether test
facilities should be fully built-in or, to some
extent, external and portable the answer, in the
writer’s view, is quite definite (though it must be
admitted that this view is not universally held).

It is felt that a firm line must be drawn be-
tween “monitoring,” a process designed to
ensure that an equipment is working to full per-
formance or to locate a “stoppage” in some
particular section, and “repair,” which is the act
of, by some means or another, of putting it
right.

It is suggested that all monitoring equipment
should be built-in as an integral part of the
main equipment and that portable test gear
should be limited in its use to fault finding on a
panel after the faulty panel has been located.

12.5. Static or dynamic monitoring?

The choice between “static” (voltages,
currents, etc.) or “dynamic” (amplitude and
characteristics of input and output) measure-
ments also seems to be, in principle, clear. In
general it is most desirable that, at the “panel”
level the input being received and the output
being delivered should be readily ascertainable.
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This calls for some sort of metering arrange-
ments and possibly the provision of some sort
of standard, built-in, signal source, Generally
speaking, as always, a quantitative measure-
ment is preferred. There is, however, a large
generic class of equipment notably that essen-
tially concerned with pulsed waveforms, such as
display type units, where an alternative,
quantitative form of continuous monitoring can
be most usefully employed. The essence of this
scheme is, simply, clear indication that the
whole circuit is functioning properly.

Low voltage, self-focusing,  miniature
cathode-ray tubes are now readily available and
can be satisfactorily operated from the standard
voltages normally available in the type of gear
under discussion. It is possible by their use by
a judicious combination of the input and output
signals with, possibly, the addition of a third
parameter, injected as a blanking pulse, to pro-
duce a “cyclogram” type of display without the
necessity for time bases or any other complica-
tion. Such a display gives, when all is well, a
distinctive and known pattern which is immedi-
ately affected by any change in the signals pro-
ducing it. This type of indication is simple,
cheap, continuous, and sure, and seems to have
considerable merit.

12.6. Manual or automatic monitoring?

Finally if it is decided to follow the dictates
of the “automation” school of Section 12.2, the
possibility, evidently, exists of further com-
plicating the circuitry by arranging that any
deterioration to a No-Go condition not only
gives an indication, but also switches in the
alternative unit (Section 10).

This approach has of course been exploited
outside the Services (the monitoring and change-
over arrangements for certain B.B.C. trans-
mitters spring to mind) but so far has had no
naval application in the field now under
discussion.

13. Conclusion

The general problems entailed in the pro-
duction of very large electronic systems have
been broadly surveyed. They are of course,
under continual review in the Research and
Development Establishments. It may be
appropriate to conclude with a statement
indicating the current state of the art. In a very
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large and complex equipment currently under
late development the “Transmitter” included
470 valves while the “receiver” contained 1,040
valves.

The combined transmitter/receiver unit com-
prised 14,831 discrete components and some
46,000 soldered joints and was designed with
particular attention to the question of relia-
bility. Its design may be said to be
representative of advanced modern practice.

Operated by its design staff over a 1,000
hours period, in approximately 8 hour daily
shifts, the reliabilities realized amounted to 92
per cent. for the transmitter and 76 per cent. for
the receiver. The former is probably fully
acceptable operationally. The latter is not.
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THE number of exhibits directly of interest to
the radio and electronics engineer at the
Farnborough Exhibition of the Society of
British Aircraft Constructors was fully main-
tained this year. Apart from radar and com-
munications, the aircraft industry uses elec-
tronic techniques to a very great extent, and in
many cases aircraft manufacturers have set up
their own large electronics departments who
exhibit at this Show, often on a commercial
basis. Guided weapons were this year much
more in evidence, but as far as the associated
electronics was concerned the information given
seldom arose above the “black box” level.

In 1958 two companies exhibited guided
weapons intended for use by troops against
ground targets; in both cases directional infor-
mation was passed along a trailing wire. A
third weapon of this type has now appeared,
the Australian Malkara anti-tank guided wea-
pon, but this missile, which is launched from
an armoured vehicle, is radio controlled by line-
of-sight command guidance, the operator view-
ing target and missile through an optical sight
and guiding the missile with a joystick control.

The use of a radio interferometer for satellite
tracking has been very effectively developed by
the Royal Aircraft Establishment, and an
exhibit showed the manner of measuring r.f.
phase differences of satellite transmissions by
monitoring the standing wave pattern along the
transmission lines joining diagonal pairs of four
widely spaced aerials. Demodulation of the
amplitude modulated carrier wave gives volt-
ages directly proportional to the sine and cosine
of the phase differences. The equipment enables
measurements to be made to a bearing accuracy
of six seconds of arc.

Telemetry equipment has been shown at pre-
vious exhibitions, but this year it was interest-
ing to see some of the means which have been
devised to deal with the often overwhelming
amount of data which is produced. The Bristol
Aircraft Company has developed data process-
ing equipment for dealing with time multiplex
telemetered signals which are recorded on mag-
netic tape. The outputs of up to six of the
twenty-four data channels can be presented on a
6-in. wide sensitized paper record during one

648

EXHIBITION

playback cycle, and the information of one
data channel can be digitized and punched on
cards, together with timing information. (The
described before a meeting of the South Western
equipment, which is known as TIMTAPE, will be
Section at Bristol in January next).

Airborne navigation devices were well repre-
sented by the Marconi Company’s exhibits of
different types of Doppler navigator equipments.
The emphasis is on weight reduction and a
fully transistorized navigation computer weigh-
ing less than 25 1b was shown.

Probably the most significant advance in air-
craft navigation during the past year has been
the development of the automatic landing sys-
tem by the Blind Landing Experimental Unit of
R.A.E., Bedford, in conjunction with industry.
Known as the “Autoland” system, this enables
a fully automatic approach and landing to be
made, first using the well known Instrument
Landing System (I.L.S.) down to a height of
about 300 ft., then magnetic fields set up by
magnetic leader cables, and finally the height
readings (below about 100 ft.) received from a
radio altimeter of the frequency modulated type
accurate to within about two feet. The signals
received from these three successive aids are fed
into an auto pilot which controls attitude,
azimuth and speed. All stages of the landing
are entirely automatic, the pilot observing the
monitoring signals displayed on his normal
flight instruments. (The Institution’s Radar and
Navigational Aids Group is sponsoring a paper
on the equipment in London in May.)

While the Radio Components Exhibition is
the usual place where engineers expect to see
the latest advances in component design, special
component development is often carried out by
organizations producing complete equipments,
and several instances of this were seen at Farn-
borough. A notable example was the miniature
sealed two compartment relay developed by
Smiths Aircraft Instruments, having dimensions
of 0-3in. diameter by 0-47 in. long. The input
required for this relay was between 0-5 and 0-9
Wwatts at up to 50 volts, and it has an operating
time of less than 5 millisec; at the rated load of
0-5 amps 30 volts (non-inductive) its rated life
is greater than a million operations.
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Gap Filling Translators and Transmitters 1

by

W. J. MORCOM., B.SC.(ENG.), A.C.G.Il., WHIT.SCH.}

A paper read on 4th July 1959 during the Institution’s Convention in Cambridge

Summary: Due to topographical conditions areas often exist inside the service area of
a television station where the field strength is inadequate for normal domestic
receivers to operate. Apparatus is described which, mounted on high ground, can
receive the programme and convert it to another frequer.cy and re-radiate it into these
areas. Regions beyond the service area of the television transmitter can be served by
using a combination of a link system and a booster transmitter. For those areas
where locally generated programmes are required for certain periods, apparatus for
feeding in video and audio signals is described.

1. Introduction

The basic requirements of gap filling television
equipment are that it shall work unattended and
give acceptable picture and sound quality
together with a constant output level over a
wide range of signal fading at the receiver aerial
terminal.

For reliability under conditions of unattended
operation the circuit complexity must be reduced
to a minimum. This in turn means that the
fewest number of valve stages, all with non-
critical controls, shall be used. Bearing in mind
that the intention is that the equipment shall be
mounted in a position where the received field
strength is reasonable, the simplest solution to
the problem appears to have an equipment
comprising a receiving aerial, an aerial filter,
an r.f. amplifier, a frequency changer, an if.
stage, an a.g.c. stage, a second frequency changer
followed by linear amplifier stages feeding to the
transmitting aerial. This arrangement turns out
to be quite satisiactory when f.m. sound is used:
however, when the sound is amplitude modu-
lated, tests have shown that it is quite difficult to
achieve linearity good enough to avoid “sound
on vision” interference and it has been found
necessary to provide two separate i.f. amplifiers,
one for vision and one for sound, each with their
own a.g.c. circuits. These must be followed by
separate second frequency changers and linear
amplifiers for the vision and sound channels,

t Manuscript received 11th May, 1959. (Paper No.
3)
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thence feeding either into a combining unit or
into separate vision and sound aerials. Figures
| and 2 show the arrangement for the f.m. sound
and a.m. sound systems respectively.

When the region of poor service area lies
outside the service area of a transmitting station,
it would be possible to use the arrangement
shown in Fig. 3 whereby the aerial and receiver
portion of the equipment already described
reproduces the signal at i.f. frequency and feeds
it into the transmitting end of a radio link. At
the receiving end of this link the combined
vision and sound signal on the i.f. frequency is
then fed into the second frequency changer and
hence via the linear amplifier to the aeriel.
With the a.m, sound service, of course, a pair of
frecuency changers and linear amplifiers would
be required. A variant of this is to replace the
racdio link by a land line operating at the inter-
mediate frequency.

For locally generated programmes additional
units in the form of complete vision and sound
modulated stages, both having their outputs at
intermediate frequencies, spaced of course by
the normal sound/vision frequency separation,
are necessary. The outputs of these two equip-
ments are combined in a resistance hybrid
network and are fed via a changeover switch
into the second frequency changer stage (Fig. 4).
Omission of the early stages of the translator
leaves a complete low power television trans-
mitter, should this be required.

The reasoning behind the adoption of this
combination of circuitry is that for the translator
it is undesirable to demodulate to video and audio
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frequencies. To have done so would have meant
considerably more valve stages with their
attendant risk of failure. Of course, this prevents
the possibility of reshaping synchronizing pulses,
but it is considered that the receiving aerials can
be sited in regions where the field strength is
sufficiently high that the picture quality is
perfectly acceptable, and further waveform
correction thus unnecessary.

The use of the double frequency-changing
technique permits much closer spacing of the
received and transmitted channels than would
otherwise be possible. Furthermore it facilitates
the interconnection of the various combinations
of units which make up the various systems
which have already Gteen described. The
intermediate frequencies adopted are those
standardized in Europe for the C.C.I.R. systems
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and in Great Britain for the United Kingdom
standards (Table 1).

Table 1
o B 7 Vlsmn I.LF. Sound LF.
C.C.LLR. (7 Mc/s Channel) 38-9 Mc/s 334 Mc/s
U.K. (5 Mc/s Channel) 34-65 Mc/s 38-15 Mc/s

The lowest power version of the C.C.1.R.
translator is 3-watts for vision and $-watt for
sound; photographs are shown in Fig. 5. An
additional amplifier with its associated power
unit will raise this power to 50-watts vision and
12}-watts sound. For the U.K. version the use
of separate amplifiers for vision and sound gives
vision power of 10-watts with the peak sound
power also of 10 watts. Further stages of linear
amplification can be added. Details of the
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specifications of the various equipments are
summarized in the Appendix.

All the units making up the various combina-
tions have been designed for 19-in. rack moun-
ting, the exact housing depending entirely on
local circumstances. A single translator could
be mounted in an outdoor waterproof kiosk
provided it is fitted with standard 19-in. panel
accommodation or on standard racking in larger
kiosks or in small buildings.

2. Description of Equipment

2.1. Aerial Filters

The receiving aerial will have induced into it
two signals, one from the parent station and the
other at the re-radiated frequency from the
translator transmitting aerial. Even with the
specified attenuation between aerials of 40 db,
the re-radiated signal at the receiver input is
very much larger than the wanted signal. As a
result, a very high unwanted signal will appear
at the grid of the mixer stage causing consider-
able cross modulation. To reduce this effect, a
filter is inserted between the aerial feeder and the
receiver input. The aerial filter has seven
synchronously tuned sections and is based on the
work of J. Zdunekt and S. B. Cohni. The
response is maximally flat within 0-1 db over a

t J. Zdunek, “The network synthesis on the insertion
loss basis,” 1.E.E. Monograph No. 278R, January,
1958. (Proc. Instn Elect. Engrs, 105 C, pp. 259-291.)

1 S. B. Cohn, “Direct coupled resonator fiiters,” (Proc.
Inst. Radio Engrs, 45, pp. 187-196, February, 1957.)

RECEIVING
AERIAL
LINE OF SIGHT
RE?;QIRER RL?DI‘(O RADIO  TRANSLATOR
LINK TRANSMITTER
LF.STAGE  TRANSMITTER RECEIVER :

Fig. 3. Use of microwave link to feed translator
transmitter.

bandwidth equal to the U.K., F.C.C. or C.C.L.R.
channel bandwidths of 5, 6, or 7 Mc/s, respec-
tively, and provides an attenuation of 40 db to
the next but one channel on either side.

Two filters, one for Band I and the other for
Band III, both of which are adjustable in
frequency and bandwidth, cover all requirements
for the three major systems. Both vision and
sound signals are passed through a common
aerial filter.

2.2. Receiver R.F. Input and Mixer

The two tunable versions of this unit, one for
Band 1 and one for Band 111, comprise a cascode
R.F. amplifier followed by a pentode mixer.
The input from the aerial filter is to a double
tuned mutually coupled circuit in the input grid
of the cascode amplifiecr. The amplifier output
circuit is also double tuned but is top capacitance
coupled. Both the double-tuned circuits can be
adjusted in frequency and bandwidth to accept
the various systems. The pentode mixer stage
has the radio frequency signal applied to the

RECEIVER
i
L Mmecewver ||, CHANGEOVER | [MIXER & LINEAR J'_Lﬁ«EAENPEF_lem ]
A E.FILTER R F&M!XER — | F FILTER I.F AMPLIFIER =y PANEL AMPLIFIER (3W) "'L (50w) ~=
—d ] e ] eeee— ) — ) e e e o
& TRANS. HET e
RECE!VER < - | POWERSUPPLY |
HET 05C. 0SCILLATOR il
— [ [ 1l [eower suepy
INPU? >— F M ORIVE[— FM HG ¢/u | FoRALL umrs]
. R
VIDEO DRIVE
VIDEO 4 VIDEO L & MODULATOR
nPUT & MODULATOR [ uMpLieR
Jr_ Fig. 4. Block diagram of combined low power television
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repeaters and transmitters (F.M. sound).
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Fig. 5. Front and rear views of low power translator for C.C.I.R. standards.

control grid. On Band I the heterodyne signal,
which is higher in frequency than the incoming
signal, is capacitance coupled to the mixer
cathode but on Band 111 it is mutually coupled
into the control grid circuit to avoid spurious
resonance in the cathode lead. The output
circuit at intermediate frequency is double tuned
and mutually coupled with load impedance of
75 ohms. The gain of the cascode amplifier is
of the order of 12 db and the overall gain from
the 50 onms input to the 75 ohms output is

approximately 11 db. Both the vision and sound
signals pass through a common r.f. input and
mixer unit.

2.3. Heterodyne Oscillators

To provide the heterodyne signal for both
first and second mixers, identical heterodyne
oscillators (working to different frequencies) are
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used. The crystal oscillators are temperature
compensated and operated in parallel resonance
at fundamental frequency.

The crystals used are in the 8-14 Mc/s range
and are AT cut. The crystal oscillator stage
provides harmonic multiplication of the crystal
frequency and is followed by a buffer stage,
operating in class A, with a high Q anode circuit
to suppress all unwanted crystal harmonic
frequencies. Voltage control takes place in the
cathode circuit of the buffer stage. Further
harmonic generation takes place in the third
valve stage which again operates with a high Q
anode circuit.

On Band I a single amplifier stage, with
twin outputs, is used, whereas on Band III an
extra stage is employed for further harmonic
generation.

Journal Brit.I.R.E.
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2.4. I.F. Filter (C.C.1.R. and F.C.C. standards)

The i.f. filter precedes the vision and sound
i.f. amplifier and provides all the selectivity at
intermediate frequencies. The filter can be
adjusted to provide a maximally flat response
with a passband between 0-1 db points, of either
6 or 7 Mc/s, as required for either F.C.C. or
C.C.I.R. standards. The design is essentially
the same as used for the aerial filters, and
consists of seven synchronously tuned sections.
In the channels to be protected (i.c. next but one
channels) the attenuation exceeds 40 db.

Input and load impedances are both 75 ohms.

2.5. LF. Filter (U.K. standards) (See Fig. 6)

As the phase linear i.f. amplifier subsequently
described is used to amplify the positive modula-
tion vision signal, selectivity against unwanted

il

Amplitude response is flat within 0'1 db over
the vision passband of 3-75 Mc/s with a rejection
of 32 db or greater at half a megacycle outside the
passband. The filter, with its two valve ampli-
fiers provides an overall gain of 14 db.

2.6. LF. Amplifier (Vision and Sound)

The 1.f. amplifier is the unit in which most of
the translator gain is obtained. When used on
negative modulation and f.m. sound systems,
(ie. C.C.LLR. and F.C.C.) a common amplifier
amplifies both vision and sound signals. In the
U.K. system, where positive modulation and
amplitude modulated sound are employed, the
vision signal only is passed through this ampli-
fier, whilst the sound signal is amplified by a
separate, narrow band i.f. amplifier. The
reasons for this are twofold. Firstly, extremely
accurate alignment is required to obtain the

Fig. 6. Circuit diagram of the if. filter for U.K. Standards.

signals and against the accompanying sound
signal must be provided by the i.f. filter. This
filter differs from the one used on C.C.I.R. and
F.C.C. systems because the sound signal has to
be rejected, there being no “sound traps’” in the
vision i.f. amplifier. The steep sided response
curve is obtained with a two-stage Darlington
type filter.t Because the elements forming the
filter are impracticable when designed with an
input and output impedance of 75 ohms, this
filter has a characteristic impedance of 500 ohms,
and is placed between two valves. A bridging
input is used to the first valve, and the termina-
tion is in the sound i.f. amplifier unit. The
second valve operates into a load impedance of
75 ohms.
t J. K. Skwirzynski and J. Zdunek, "Design data for
symmetrical Darlington filters,” 1.E.E. Monograph

No. 227 R, March, 1957. (Proc. Instn Elect. Engrs.,
104, C, pp. 366-380.)
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amplitude linearity of the amplifier necessary
when two amplitude modulated signals are being
passed through a common amplifier. Although
the linearity required to reduce cross modulation
between the vision and sound signals to an
acceptable level can be obtained, thermal drift
and valve ageing will increase the non-linearity,
which makes this practice unacceptable for
unattended and infrequently maintained systems.
Secondly, a.g.c. is more readily applied to
separate amplifiers, and will not cause cross
modulation.

The amplifier consists of two triple stagger-
tuned circuits, followed by a single valve
wideband amplifier. A.g.c. control voltage is
applied to each valve of the first triple staggered-
tuned amplifier. The broad-band output circuit
is a double-tuned auto-transformer, with a load
impedance of 75 ohms.
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The amplifier response is substantially phase
linear. The resulting amplitude response is
such that little selectivity is obtained within the
amplifier. All of the i.f. selectivity is obtained in
the i.f. filter which precedes the i.f. amplifier.
The overall gain of the amplifier is 80 db, when
the a.g.c. control voltage is zero.

The maximum output power is 50 mW peak
vision plus 25 mW or 12'5 mW f.m. sound.

2.7. I.F. Amplifier (A.M. Sound)

The narrow band i.f. amplifier is used only for
systems employing amplitude modulated sound
channels. It consists of a four stage amplifier
with single-tuned circuits between each valve
stage. The coupling to the amplifier grids is
taken from a tap on the anode coil, rather than
from the anode itself, to ensure low damping of
the tuned circuits due to the input conductance
of the valve. With this controlled amount of
circuit damping, an amplitude response which
has little attenuation within the pass-band, but
very steep flanks can be obtained. The attenua-
tion at 0'5 Mc/s from the centre of the pass-band,
i.e. at the edge of the vision band, is 25 db with
respect to the amplitude at centre frequency. The
amplifier output is inductively coupled to the
anode tuned circuit of the last valve, and has an
impedance of 75 ohms.

The anode of the last amplifier valve is con-
nected to the input of the a.g.c. amplifier valve,
amplifying at intermediate frequency. A ger-
manium diode rectifier provides the a.g.c. control

—i
3
o

j
—hi

voltage from the a.g.c. amplifier output signal.
The gain of the i.f. amplifier is controlled by
applying a variable d.c. potential in opposition
to the a.g.c. control voltage, a “catch” diode
being included to prevent the application of a
positive voltage to the amplifier grids when no
signal is being received. A.g.c. is applied to the
first three amplifier valves, and maintains the
output level constant within 4+ 1 db for an input
change of 26 db. The manual gain control
permits the carrier output level to be varied
from 5SmW to 30 mW.

2.8. Positive Modulation Vision A.G.C. (See
Fig. T)

To provide an a.g.c. control voltage from a
positive modulated vision carrier, a reference
point on the waveform which is subject to carrier
level variations, but is free from picture signal
variations, must be chosen. The “back porch”
portion of the waveform fulfils these require-
ments, but as this is only present from 5 to 10
microsec per line, a gating system must be
employed to sample its level.

In this a.g.c. unit the input, at intermediate
frequency, is first amplified, and then detected
using a voltage doubler detector. The de-
modulated video signal 1s first passed through a
low-pass filter to remove the residual inter-
mediate frequency, and then through a diode
sync. pulse separator. The sync. separator is
adjusted to remove all but 10 per cent of the
picture signal. The signal, now comprising sync.

Fig. 7. Circuit diagram of positive modulation a.g.c. unit.
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pulses plus 10 per cent of picture amplitude, is
then applied to the control grid of the a.g.c.
gated amplifier and also, via a differentiating
network, to the trigger input of a cathode-
coupled monostable multivibrator. On receipt
of a trigger pulse, co-incident with the trailing
edge of the sync. pulse, the multivibrator
produces a positive-going output pulse of
4-5 microsec duration, i.e. for the minimum
duration of the back porch period. These pulses
are applied to the suppressor grid of the a.g.c.
gated amplifier, and are d.c.-restored (using
crystal diodes) to earth potential. Thus, during
all parts of the waveform excepting the back
porch region, a large negative voltage, due to
d.c. restoration of the multivibrator pulses, will
be present at the suppressor grid of the gated
amplifier, driving the valve to cut off. During
the back porch period, the suppressor grid will
rise to earth (cathode) potential, and anode
current will flow, the magnitude of the anode
current being determined by amplitude of the
back porch waveform applied to the control
grid. Anode current pulses, and hence anode
voltage pulses, will therefore be produced, the
pulse amplitude being dependent upon the back
porch—or blanking level—of the video signal,
which in turn is dependent upon the amplitude
of the intermediate frequency signal. The
voltage pulses at the anode of the gated amplifier
are rectified to produce an a.g.c. control voltage,
which is applied to the i.f. amplifier.

To obtain large variations in a.g.c. control
voltage, for small changes in i.f. signal level, it
is necessary to produce an inconveniently
large negative control voltage. This is ““backed
off” by a positive voltage derived from the h.t.
line, with a diode to prevent the a.g.c. line
from becoming positive with respect to earth in
the absence of an i.f. signal. A control is
fitted which enables the output of the i.f.
amplifier to be caried from 5 mW to 50 mW.

2.9. Combined Sound and Vision (negative
modulation) A.G.C. (See Fig. 8)

Vision and sound signals are passed through
the common intermediate frequency amplifier,
to which a.g.c. is applied. The amplitude of the
a.g.c. control voltage is determined by the
combined amplitudes of peak vision (i.e. tip of
sync. pulses), and the f.m. sound signals.
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To provide the control voltage, the output
signal from the i.f. amplifier is amplified further
by a two-stage wide-band amplifier. The output
signal from the second valve is rectified to
provide a large negative d.c. potential. Large
variations of this negative voltage are obtained
for small changes in i.f. level. To offset the
large negative d.c. component, another detector
provides a “backing off” voltage, of positive
polarity, from the anode of the first a.g.c.
amplifying stage. In the absence of signal, neither
negative and positive potentials are generated,
and so the i.f. amplifier controlled valve grids
return to earth potential, and are therefore in
the maximum gain condition.

Fig. 8. Circuit diagram of negative modulation a.g.c.
unit.

A control is fitted on this unit which enables
the output of the i.f. amplifier to be varied from
5 mW to 50 mW.

2.10. Mixer and Linear Amplifier

The mixer and linear amplifier units perform
the dual functions of second mixer and power
amplifier stages. When used for C.C.I.R. and
F.C.C. systems, both vision and sound signals
are passed through the same mixer and amplify-
ing stages, but for the U.K. system, using separ-
ate sound and vision channels, only the vision
signal is passed through this unit.

A balanced mixer is employed with the signal
being applied to the mixer valves in push-pull,
and the heterodyne signal in parallel. The input
signal is passed to the two mixer valve grids via
a fixed tuned wide band transformer which has
an unbalanced primary and a balanced secon-
dary winding.

The push-pull output signal from the anode
circuit of the mixer valves is amplified by a
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three stage push-pull linear amplifier. For
operation on Band III all intervalve circuits and
the output circuit are double tuned, and all
couplings and tuned circuits can be adjusted to
cover all the television channels in Band III.
The unit used for Band 1 frequencies has a
double tuned circuit coupling the mixer valves
to the first amplifier stage, with the coupling
between the first, second and third amplifier
stages forming a single stagger-tuned pair. The
output coupling is double tuned.

When used for C.C.I.LR. and F.C.C. trans-
missions, a vision output power of 3 watts,
together with an f.m. sound carrier output of
1'5 W or 0:75 W is obtained for an input signal
at i.f. frequency of approximately 20 mW vision
power and the corresponding sound carrier
level. For the U.K. system (vision signal only)
an output power of 10 W is obtained.

All stages are operated under class A condi-
tions, with the valves working at less than
maximum anode dissipation to ensure long
valve life for unattended operation.

2.11.

The unit is essentially a narrow band equivalent
of the vision mixer and linear amplifier. The
balanced mixer is similar to the one previously
described, the main differences being that
controls are provided to adjust both the i.f.
input and the heterodyne signal levels for
optimum mixer linearity.

The balanced mixer output is coupled to a
two-stage push-pull linear amplifier, single
tuned circuits being used for intervalve couplings.
A double tuned output circuit is employed, from
the secondary of which a rectified (audio) signal
provides a negative feedback voltage, which is
applied to the mixer input.

Sound Mixer and Linear Amplifier

3. Equipment for Locally Generated Programmes

For services which originate local programmes
at audio and video frequencies, the sound trans-
mitter and the vision drive and modulated
amplifier, with its associated vision modulator,
provide modulated carriers at intermediate
frequencies. The vision carrier is capable of
either positive or negative modulation for U.K.,
or C.C.LI.R. and F.C.C. systems, whilst the sound
carrier may be either amplitude or frequency
modulated.

656

3.1. Vision Modulator (See Fig. 9)

The vision modulator provides all the
facilities normally found on larger vision modula-
ting equipments. Black level clamping is
employed to maintain black level at a constant
amplitude, the clamp pulses being derived from
the video signal via a noise immune clamp pulse
generator. Synchronizing pulses are stretched
and limited to remove up to 10 db of amplitude
variation of the incoming synchronizing pulses,
and pre-distortion can be applied to the white
portion of the picture to improve the transmitter
overall amplitude linearity.

Of the eleven valves used, three pentodes
provide all of the modulation gain. Approxi-
mately 20 db of negative feedback is applied to
the amplifier, providing good gain stability
and a bandwidth level within 0°5 db to 10 Mc/s
without the use of peaking circuits. The fourth
valve has two outputs of equal amplitude but of
opposite phase. One output is selected for
positive modulation and the other for negative
modulation. The final valve in the signal chain
is a cathode follower of low output impedance.
The frequency response of the complete amplifier
is level to within 4 025 db to 8 Mc/s, falling
to -2 db at 10 Mc/s. Black level clamping
operative during the back porch period of the
waveform is applied to the control grids of the
third amplifier valve and the output cathode
follower.

Stretching of the synchronizing pulse is
achieved in the “triple” amplifier by reducing
the negative feedback and hence increasing the
amplifier gain during sync. pulses. The gating
circuit which reduces the negative feedback is
adjustable, and is normally sited at approxi-
mately 5 per cent below black level. The increase
in gain is 8 times and so, even when the input
sync pulses are reduced in amplitude by 10 db,
large sync. pulses are available at the anode of
the third amplifier valve. Here an adjustable
amplitude limiter reduces the sync. pulse to the
amplitude required to produce the correct
transmitted picture/sync. ratio.

Pre-distortion of the white portion of the
signal is also obtained in the “triple” amplifier
by decreasing the negative feedback. Two pairs
of controls, each pair varying the slope and the
amplitude of stretched white signal, can be
adjusted to provide a smooth curve, the inverse
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of the modulated grid non-linearity curve.
Both the sync. pulse stretch and the picture pre-
distortion circuits require reference potentials
of low source impedance. These are obtained
from two triode cathode followers (a double
triode valve) connected across the h.t. supply.

for the U.K. system, and 6-483333 Mc/s for
both C.C.I.LR. and F.C.C. systems. A multipli-
cation of 6 times is used for all systems, providing
vision intermediate frequencies of 34'65 and
389 Mc/s. Drive level is varied by adjusting the
screen grid potential of the drive output stage.

CONNECTIONS FOR POSITIVE MODULATIO }

SHOWN THUS -
CONNECTIONS FOR NEGATIV ODL
HOWN THUS =

Fig. 9. Circuit diagram of vision modulator.

The clamp pulse generator employs a cathode-
coupled monostable multivibrator to produce
pulses 15 microsec wide. The multivibrator is
triggered via a pulse inverter from a double
triode valve which combines the functions of
sync. pulse separation and pulse delay. The
double triode generates its trigger pulse from the
edge of the sync. pulse, and a control is provided
to enable the delay time between the trigger
pulse and the trailing edge of the sync. pulse to
be varied. This stage will not produce false
trigger pulses when noise pulses 1-0 microsec
(C.C.LLR. systems) or 1'5 microsec (U.K.
systems) wide, of any amplitude up to 6 db
greater than picture amplitude, and of either
polarity are superimposed upon any part of the
waveform.

The output from the multivibrator is passed to
a pulse amplifier in the anode circuit of which is
a pulse transformer which delivers push-pull
clamp pulses of equal amplitude to the two black
level clamping circuits.

3.2. Vision Drive and Modulated Amplifier

The vision drive comprises a crystal oscillator
followed by buffer and multiplier stages, using
similar circuitry to that used in the heterodyne
oscillators. The crystal frequency is 5775 Mc/s
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The modulated amplifier employs two pen-
todes connected as a long-tailed pair, the
modulating video signal being applied to one
control grid, and a variable d.c. potential to the
other. The variable d.c. potential is adjusted
by the black level control. The use of a long-
tailed pair enables the modulated control grid
to be sited at a potential positive with respect
to earth, and thus makes direct connection from
the modulator cathode follower possible without
resorting to negative supplies. A variable “test
bias”” voltage is incorporated to facilitate
amplifier adjustments. The anode circuit of the
modulated pentode contains a “Darlington’
type filter, which provides a maximally flat
response of 4, 5 or 6 Mc/s as required, together
with the shaping required for vestigial sideband
transmission.

3.3.

The drive circuitry used for the a.m. sound
transmitter is identical to that used for the vision
drive, and employs a crystal oscillating at
6358333 Mc/s. With a multiplication factor of
6 times, this produces an intermediate frequency
of 38°15 Mc/s.

The final stage is grid modulated. Envelope
negative feedback to the modulator input is

Amplitude-modulated Sound Transmitter
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employed to reduce the harmonic distortion of
the r.f. envelope to 1 per cent at a modulation
depth of 80 per cent and to 2 per cent at 90 per
cent modulation. The double triode modulator
employs one triode as an amplifier and the other
as an output cathode follower, which is capaci-
tance coupled to the grid of the modulated
amplifier.

For 100 per cent modulation, the minimum
audio frequency input level is -12 dbm, the
transmitter modulation depth being controlled
at the secondary of the input balance-to-
unbalance transformer.

3.4. Frequency-modulated Sound Transmitter

The frequency modulated sound transmitter
employs the “frequency modulated quartz”’
principle.f

In this system a specially manufactured
crystal is directly modulated via a quarter wave
circuit by a susceptance modulator and the
resulting frequencies are harmonically multiplied
twelve times to give the required centre frequency
of 33:4 Mc/s.
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5. Appendix : Performance Specifications

(a) Translator for Vision and F.M. Sound

Power output (without amplifier)
Power output (with amplifier)

Frequency range

Frequency separation-receiver/transmitter
Modulation system

Receiver input level

Auto gain control

Time constant a.g.c.

Frequency response relation to vision carrier

Cross modulation

Separation between aerials

(b) Low-power Transmitter with F.M, Sound

Power output
Frequency range
Modulation system
Input level

Frequency response vision
Linearity, vision

Noise level, vision
Blanking level stability

Frequency response (sound)
Harmonic distortion (sound)

Neise level (sound)

Pre-emphasis
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Vision:
Sound:

3 watts peak;
0-75/1-5 watts as required.
Vision: 50 watts peak;
Sound: 12-5/25 watts as required.
41-88 Mc/s; 174-216 Mc/s.
At least one channel.
C.C.LR. or F.C.C. as desired.
500 uV (—6 db+20 db) (peak vision).
+ 1 db for 500 .V signal.
20 milliseconds.
+0-5 db from —0-75 to 5-5 Mc/s;
-0-S db from 1 to 4 Mc/s;
1 db at 5 Mc/s;
2 db at —0-75 and 5-5 Mc/s.
I.P’s less than —40 db within the channel (relative to
picture amplitude).
At least 40 db.

Same as for translator.

41-88 Mc/s; 174-216 Mc/s.

C.C.I.LR. or FCC.

Vision: 1 volt peak to peak composite;

Sound: 0 dbm.

As C.C.I.R.

Better than 4% non-linearity.

—50 db below peak output.

Less than {+ 2% of peak output level over the full
range of picture signal amplitude.

+ 1 db from 30 to 15,000 c/s.

Less than 1% from 100-10,000 c/s.

Less than 1-5% from 30-15,000 c/s.

F.M. noise 60 db below + 50 kc/s deviation.

A.M. noise 50 db below carrier level,

25. 50 or 75 microsec.
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(c) Translator for Vision and A.M. Sound

Power output

Frequency range

Frequency separation receiver/transmitter
Modulation system

Receiver input level

Auto gain control

Time constant a.g.c.

Frequency response (relative to vision carrier)

(d) Low-power Transmitter with A.M. Sound

Power output
Frequency range

Type of transmission
Input level

Frequency response vision
Linearity (vision)

Noise (vision)

Blanking level stability
Frequency response (sound)

Harmonic distortion (sound)

Noise level (sound)

Vision: 10 watts peak;

Sound: 2-5 watts carrier.

41-88 Mc/s; 174-216 Mc/s.

At least one channel.

U.K. (405 line) standards.

500 uV (—6 db +20 db) (peak vision).
+ 1 db for 500 uV signal.

30 millisec.

+0-5 db from —3-5 to +0-75 Mc/s;
0-5 db from —3 to —0-5 Mc/s;
1 db at —3-5 and +-75 Mc/s.

Vision: 10 watts peak;

Sound: 2-5 watts carrier.

41-88 Mc/s;

174-216 Mc/s.

U.K. (405 line) system.

Vision: 1 volt peak-to-peak composite);

Sound: 0 dbm.

To B.B.C. specification.

Less than 4% non-linearity.

— 50 db referred to peak outputs.

Less than + 2% of peak output level over the full
range of picture signal amplitude.

+ 2 db from 30 to 10,000 c/s;

+ 0-5 db from 100 to 5,000 c/s.

Less than 1% for 30% to 50% modn.

Less than 1-59% for 70% modn.

L.ess than 3% for 90% modn.
60 db.

DISCUSSION

W. N. Anderson : Could Mr. Morcom tell us
why his translator will not work with inputs of
less than 250 microvolts. This seems rather
different from the equipment which Mr. Kirillof
has describedt which apparently works with an
input of 36 microvolts. Secondly, T would like
to know whether it would be possible, with
more development, for the translator to work
without an intervening channel.

W. J. Morcom (in reply) : The requirements
specified were for operation with a minimum of
250 microvolts input and we have worked to
that specification. There is no technical limit
from that point of view,

The siting and spacing of the transmitters
covering the British Isles are such that adjacent
areas are spaced with at least one guard channel
between. This is done because the design of

1 P. K. Kirilloff, “Sync signal regeneration system

for low power translators,” 1959 Convention paper.
To be published.
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modern receivers makes it desirable to do so to
give proper protection. I think you will find
that in no case do we get adjacent service areas
on adjacent channels,

W. N. Anderson : | am not very happy about
that because there are many adjacent areas in
this country where the channels are adjacent
and the service areas overlap. There is also
likely to be a requirement in the future where,
in areas which are very well screened from other
surrounding high-field areas, adjacent channel
translation would be extremely valuable.

W. J. Morcom (in reply) : On the first point
there are undoubtedly areas where by accident
this happens. It is due to the fact that a third
station happens to have a good strength in that
area. Secondly, such translation could be
carried out but it would mean more complexity
of the design of the equipment and the main
aim is for reliability with realistic requirements.
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A delegate : Could Mr. Morcom confirm that
if we need a 40 db separation at the aerial filter
then we need the same at the receiving end?
Secondly, in the absence of it being mentioned
in the formal specification can we take it that
the transient response linearity and noise are
more or less equivalent to that of the signal
received. Thirdly, has Mr. Morcom any
experience as to how long the unattended trans-
mitters can be run before noticeable deteriora-
tion takes place?

W. J. Morcom (in reply): Calculation and
tests show that with any less attenuation than
a total of 80 db one does get interference break
through on the i.f. mixing channels. Secondly,
the signal out of the translator is prac-
tically as good as that going in. Thirdly, on how
long the translator can run unattended we are
pretty sure that it is many months. This is a
question of design, one must not overrun any
valves or components and so keep a factor of
safety in hand.

R. E. Young : The acceptable signal surely
depends to some extent to the signal/noise ratio
of the receiver, What is considered to be an
acceptable signal/noise ratio on peak white
modulation to give these signal input figures?

‘W. J. Morcom (in reply) : Put non-technically
if the picture is good enough to view on a
normal receiver it is perfectly good for the
translator, The actual noise figure is 46 db.

S. N. Watson : When looking at a map of the
distribution of television stations in Italy, it
struck me that what we would describe as the
main transmitters have the main function of
sending signals to translators, for there seemed
to be altogether hundreds of translators. Italy
seems to be rather well provided for in this
way for the people live on the tops of the hills
and accessible sites are accordingly available.
On the map of Great Britain, if we wished to
achieve 100 per cent. coverage with this tech-
nique we should have to find high places in
Scotland and Wales where nobody would dream
of living. I would like to ask Mr. Morcom if he
could devise something very much more simple
than this translator equipment since his present
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type of equipment would hardly work on the
tops of mountains and remote places. I have
heard that transistors have been used.

W. J. Morcom (in reply): 1 certainly think
there is a market for completely transistorized
gap fillers,

We could conceivably contemplate cover-
ing a country with a number of high powered
transmitters in, say, Band IV or Band V, which
are used purely to energize the translators
which would be locally situated. It is a distinct
possibility, however, that having a large number
of translators in a country like England might
cause difficulties since it would not be possible
to use below about 55 Mc/s for local transmis-
sions because of interference from distant
transmissions under abnormal propagation
conditions.

Very simple translators have, incidentally,
been developed in Italy which have only one
stage of frequency changing. Similarly in Ger-
many a translator has been produced which is
only about ten inches square and about six
inches deep, and can be mounted on the side of
a telegraph post. While these have been suc-
cessful under limited circumstances, the diffi-
culty has been that the frequencies they can use
to transmit and receive are extremely restricted.
I think that the value of the scheme depends
upon the terrain of the country concerned.

H. V. Sims (Member) : 1 would like more
information on the switching on and off of the
translator.

W. J. Morcom (in reply): As far as switching
on and off is concerned there are two schools of
thought. One is that small receiving valves of
the kind that we have here should be left on
continuously as they will have a longer life.
The other school of thought says that it has
been proved conclusively that if you switch
them on and off they have a longer life! Both
are very strong in their opinions and have a lot
of evidence behind them but we feel personally
that equipment of this sort should be kept con-
tinuously running. It is considered that it is at
switching on and off times that equipment fails.
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of current interest . . .

The N.LR.N.S. 50-MeV Proton Linear
Accelerator

The 50 million electron volt proton linear
accelerator at the Rutherford High Energy
Laboratory, Harwell, accelerated protons to an
energy of 50 MeV for the first time on 12th
July last. This is the first accelerator at the
National Institute for Research in Nuclear
Science to come into operation. It will be used
for nuclear research by physicists from univer-
sities, the Atomic Energy Authority and a resi-
dent team based at the Rutherford Laboratory.
When in full operation it is expected to have a
proton beam intensity many times greater than
other accelerators of this kind.

Protons are accelerated in the machine by
applying r.f. voltage across successive gaps
along a path in an evacuated chamber. There
are three such chambers which accelerate the
protons successively to energies of 10, 30 and 50
MeV, each structure being a cavity resonator at
a frequency of 202:5 Mc/s. Pulsed operation is
employed because of the very high radio fre-
quency power required. One advantage of the
linear accelerator over circular machines is that
the energy can be increased by the addition of
further units if so desired. Extraction of the
proton beam is also simpler.

U.K. Delegation to Geneva Radio Conference

A delegation of 45, led by Capt. C. F. Booth,
C.B.E., an Assistant Engineer-in-Chief of the
General Post Office, represents the United
Kingdom at the Administrative Radio Confer-
ence which opened in Geneva on August 17th.
The delegation includes representatives of
various Government Departments and the
armed forces as well as a number of advisers
from operating agencies and other organiza-
tions. Captain F. J. Wylie, R.N.(Retd.) (Mem-
ber), is representing marine radio interests.

The Conference is expected to last four
months. Its main task will be to revise the
Radio Regulations and Additional Radio
Regulations adopted by the Atlantic City
Radio Conference in 1947, and to deal with all
other matters deemed necessary within the
terms of the International Telecommunication
Convention,
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Television and Sound Developments
in Eastern England

The B.B.C.’s new Peterborough television
and v.h.f. sound broadcasting station came into
regular programme service on Sth October. It
is situated at Morborne Hill, six miles south
of Peterborough: the single-storey building
provides accommodation for the vision and
sound transmitters for the television service, the
f.m. transmitters for the sound broadcasting
service, of which there are six arranged in three
groups of two, and the Post Office vision link
equipment. A 560-ft. lattice steel mast carries
two aerial systems, one for television and one
for the v.h.f. sound service. Peterborough will
radiate the B.B.C’s television service in
Channel 5 (vision 6675 Mc/s, sound 63-25
Mc/s) using horizontal polarization. The aerial
has an effective radiated power of 1 kW in all
directions. The sound services on v.h.f. are
transmitted with an effective radiated power
between 1 kW and 22 kW depending on direc-
tion, and are horizontally polarized.

A Mesny type system has been installed on
the 1,000 ft. mast—tallest in the Commonwealth
—at Mendlesham, Suffolk, to carry East Anglia
transmissions of the Independent Television
Authority. It is designed to provide the
unsymmetrical radiation pattern needed to meet
the requirements of the area, namely the maxi-
mum signal in the directions of Norwich, Peter-
borough, Cambridge and Colchester, and the
minimum towards London, the South Coast and
Amiens areas, in fulfilling international require-
ments, This radiation system provides very
high aerial-gain, enabling a comparatively low
input of 8 kW from the transmitters to give an
effective radiated power of 200kW in the
desired directions.

Changes at M.LT.

The Servomechanisms Laboratory, a leading
research centre at the Massachusetts Institute of
Technology since 1940, has changed its name
to Electronic Systems Laboratory. The new
name reflects the importance of systems con-
cepts in modern engineering and the inter-
relationship in many complex systems among
control technology, data processing and elec-
tronic measuring devices and systems.
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Radio Engineering Overseas . . .

The following abstracts are taken from European and Commonwealth journals received in the
Library of the Institution. Members who wish to borrow any of these journals should apply to
the Librarian, stating full bibliographical details, i.e. title, author, journal and date, of the paper
required. All papers are in the language of the country of origin of the journal unless otherwise
stated. The Institution regrets that translations cannot be supplied.

RADIO “TELESCOPES”

A useful survey of the principles underlying the
design of existing and proposed directive aerials
for radio astronomy is given in a paper by a radio
astronomer with the Australian C.S.1.R.O. Struc-
tural considerations indicate that the design of
highly directive aerials should change with size,
and for diameters up to a few hundred feet, steer-
able paraboloids have many advantages. Fixed
structures which can be supported from the earth
at many points are necessary for larger sizes. For
extremely large aerials the new types developed by
radio astronomers provide high directivity in a
very economical way. The feature of these new
aerials is that they are “skeleton” aerials, since
they provide a directivity which corresponds to a
much greater surface area than they possess.

“Development of highly directive aerials in radio
astronomy.” W. N. Christiansen. Proceedings of the

Institution of Radio Engineers Australia, 20, pp. 519-
528, September 1959.

ATTENUATORS

A Czech paper describes a method of calibration
of attenuators for the microwave range using a
simple thermistor bridge. A simplification is
brought about by using a stabilized voltage supply
which makes possible the determination of the
attenuation by determining the magnitude of a
single series resistor when the bridge is balanced.
Temperature stabilization of the thermistor holder
is required during measurement. Measurements
are carried out in the X band.

“Calibration of microwave attenuators by means of

thermistor bridges.” J. Hosek. Slaboproudy Obzor
(Prague), 7, pp. 419-422, 1959,

VARIABLE REACTANCE CIRCUITS

The quadripole equations and simple equivalent
circuits for variable-reactance amplifiers, which
consist of two parallel resonant circuits coupled by
way of a semiconductor diode, have been derived
in a paper by engineers from Telefunken. With
their aid the transducer characteristics of the vari-
able-reactance amplifier types are investigated,
which are classified as mixers of the frequency
non-inverting case and frequency inverting case,
respectively, and as straight amplifiers: the charac-
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teristic parameters of transducer gain, amplifier
bandwidth, stability, noise figure and efficiency are
calculated from the given data of the circuits and
the diode. Design rules are determined for ampli-
fiers with minimum noise figure, which furnish the
required data of the diode and the circuits as a
function of the demanded electrical amplifier
performance data. The principal transducer and
design parameters of the three amplifier types are
finally compiled in a table, intercompared, and the
characteristic parameters required for the assess-
ing of diodes are explained. Because of the nega-
tive diode conductances appearing in the circuits
of the frequency inverting case, these circuits allow
a remarkable reduction of the contribution of the
following amplifier to the overall noise figure,

“Theory of paralle! circuit diode reactance ampli-
fiers.” W. Dahlke, R. Maurer and J. Schubert. Archiv
ds;ﬁ-g[:‘leklri.\'rlwu Ubertragung, 13, pp. 321-340, August
1959.

PULSE AMPLIFIERS

Work has been undertaken at the Indian
Institute of Technology, Kharagpur, on a new
approach to the design of a pulse amplifier which
is based on its transient response characteristics.
Such an amplifier is characterized by its gain,
rise-time and overshoot, and its design is
dependent upon the relation between these para-
meters and the circuit constants, Analytical rela-
tions between overshoot and rise-time (defined as
the time for 10 per cent. to 90 per cent. of the
final value) cannot be obtained. A relation be-
tween gain, overshoot and the time to rise from
zero to peak value has, however been determined,
and the method of designing an actual pulse ampli-
fier from a knowledge of these parameters shown.
Results are compared with an actual pulse ampli-
fier designed from the data obtained theoretically.

" The design of pulse amplifiers.” R. C. Ganguli.
Indian Journal of Physics, 33, pp. 263-275, Juns 1959,

HALL GENERATORS
The behaviour of Hall generators in an r.f.
magnetic alternating field has been subjected to
analytical and experimental investigation by
Siemens-Schuckert. The eddy currents induced by
the r.f. alternating field in the semi-conductor plate
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effect an increase in the Hall voltage with increas-
ing frequency and a phase lead of the Hall voltage
with respect to the applied magnetic alternating
field takes place as well. Amplitude increase and
phase lead occur only if the semi-conductor layer
of the Hall generator is embedded into ferrite at
either side, i.e. the air gap height & equals the
thickness d of the semi-conductor layer. The
power dissipated by the eddy currents in the semi-
conductor layer is calculated; its influence on the
maximum permissible control power is discussed.

~On the frequency characteristics of Hall genera-
tors.” F. Kuhrt, H.-J. Lippmann and K. Wiehl

Archiv der Elektrischen Ubertragung, 13, pp. 341-347,
August 1959.

TRANSISTOR OSCILLATORS

The behaviour of a junction transistor blocking
oscillator during the various stages of its function
are discussed in a recent Czech paper. The
analysis is based on the linearized characteristics
of the transistor. In the derivation of the formula
for pulse duration the author considers both the
primary inductance of the pulse transformer and
the associated capacitances. Experimental results
with various types of transistors do not differ by
more than 30 per cent. from calculated values over
a wide range of circuit parameter values. A pos-
sibility of eliminating the oscillatory overshoots is
also indicated. In conclusion the author points out
the influence of the magnetization current on the
fall-time of the generated pulse.

“A new, approximate approach to the design of a

junction transistor blocking oscillator.” V. Spany.
Slaboproudy Obzor (Prague), 7, pp. 429-435, 1959.

DISTORTION IN TRANSISTOR AMPLIFIERS

In a communication from the Zurich Technical
Institute, a non-linear fourpole with parameters
which are dependent on frequency is considered as
a prelude to the calculation of non-linear distor-
tions in h.f. transistor amplifiers. The output is
short-circuited for h.f. currents, and the case of a
quasi-linear fourpole is under these conditions
reduced to a twopole circuit. A special twopole,
consisting of a non-linear resistance in parallel to
a non-linear capacitance is then treated mathe-
matically. It appears that a frequency-modulated
output signal arises together with an amplitude-
modulated one, when cross-modulation is calcu-
lated. With a transistor-fourpole the grounded base
connection at short-circuited output is considered
as a first case, neglecting extrinsic elements.
Carrier transport in the transistor is assumed to be
uniquely due to diffusion. Thus, the calculations
are restricted to small current densities, being
based on the differential equations of diffusion.
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By extensions of the boundary conditions and of
the solutions, the non-linear effects may be readily
expressed. Under specified conditions and at
relatively low frequencies (with respect to the
cut-off frequency) the non-linear solutions may be
simplified considerably. These solutions are then
applied to the grounded emitter connection, which
is in preponderant practical use. By including the
most important extrinsic element, i.e. the base
resistance. the calculations lead to expressions for
non-linear effects of grounded emitter h.f.
amplifiers. These expressions are tested experi-
mentally by measurements of cross-modulation
and of third harmonic distortion of several types
of h.f. transistors, applied in grounded emitter
amplifiers. The tests show that the theory is
valuable up to relatively high collector currents.
Coincidence between theory and experiments is
very satisfactory. An interesting feature is the
presence of a pronounced minimum in each curve,
representing cross-modulation as dependent on
collector current at fixed voltages. It is shown
that this minimum may be explained quantitatively
by the presence of a modulation, the sign of which
is opposite to the cross-modulation. It is caused
by series resistances which are blocked at h.f., but
not at Lf. By insertion of such resistances into
the emitter lead or into the base lead or into
both, the current values, at which such minima
occur, may be shifted.

“Non-linear distortions and cross-modulation in h,f.
transistors.” M. Akgun and M. J. O. Strutt. Archiv

der Elektrischen Ubertragung, 13, pp. 227-242, June
1959.

BACKWARD-WAVE TUBES

A backward-wave tube with a periodic slow-
wave structure for the generation of millimetric
waves is described in a recent German paper. The
electron gun produces a circular beam with a
diameter of 0-25 to 0-3 mm and a current density
of 15 to 20 A/cm?2. The beam is focused through
the interaction space of the slow-wave structure by
a longitudinal permanent magnetic field. The
rugged slow-wave structure is stacked from
punched molybdenum or copper disks. It has a
wide tuning range, low line-losses, and a fairly
high coupling impedance. The element for
coupling the r.f. power out of the slow-wave circuit
and the vacuum window are designed for a large
bandwidth. For line. voltages between 550 and
3600 V the oscillator covers a tuning range from
26-5 to 48 kMc/s and supplies within this band a
mean c.w. power of better than 40 mW.

A backward-wave oscillator with periodic slow-
wave structure for the frequency range 27-48 kMc/s.

F. Gross. Archiv der Elektrischen Ubertragung, 13,
Ip. 356-262, August 1959.
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MICROPHONE EFFICIENCY

When a microphone is applied to the external
auditory canal of the ear the character of the
speech is changed in comparison with the recep-
tion of sound from the air. The transmission
properties of the path from the organ of speech to
the auditory canal have been measured by a Ger-
man worker for various transducers and various
sounds. Preliminary results for intelligibility are
recorded; the ear microphone in single channel and
double channel applications (one transducer in
each auditory canal) was compared with a pressure
gradient microphone as well as a throat micro-
phone as far as suitability for the transmission of
speech in the presence of strong background noise
is concerned.

“Transmission of speech with the aid of an ear

microphone.” J. Naujoks.  Nachrichtentechnische
Zeitschrift, 12, pp. 400-402, September 1959.

TIME SIGNAL RECORDER

A frequency selective amplifier employed in
registering radio time signals automatically on
autographic records has recently been constructed
at the Department of Mathematics and Geo-
physics, Bengal Engineering College, Howrah, and
its design and operation is described in the
College’s journal. The amplifier possesses a peak
gain of 60 db at an audio frequency of 1000¢/s
falling to about 30 db within 4 5c/s of the central
frequency. The use of this apparatus takes
advantage of the facts that-—(i) broadcast carrier
waves have a greater depth of modulation during
transmission of time signal pips than during
regular broadcast programmes, and (ii) 1000 ¢/s
pips repeat at regular intervals over the duration of
the radio time signals. The apparatus also incor-
porates a highly sensitive band-spread receiver
whose output operates the time registering relay
through the frequency selective amplifier during
radio time signals.

“An automatic time signal recording device for

autographic recorders.” G. C. Choudhury. Journal of
Technology, 3, pp. 109-117, December [958.

TELEVISION TRANSMITTERS

When two or more television transmitters
operate in the same channel, it is common prac-
tice, in order to reduce the mutual interference, to
offset their respective carrier frequencies by a
small amount. The improvement so obtained is
greatest when the amount of this offset is close to
one-half of the line-repetition frequency or to an
odd multiple of that “half-line-frequency.” How-
ever, in order to apply the principle to more than
two transmitters, offsets approximating to one-
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third or to two-thirds of the line frequency are
usually adopted. It is possible to obtain even better
results if, in addition, the offset is maintained very
close to an integral multiple of the field frequency.
Operation under such conditions is known as
“precision offset.” In certain circumstances its
achievement presents no special difficulty. A
method developed by Radiotelevisione Italiana for
obtaining “precision offset” in the very difficult—
but nonetheless not uncommon —case where the
lield frequency is not constant has recently been
described. 1t employs a 250 kc/s crystal oscillator
stable to within +1 in 10% to control the main
oscillator to give an offset of 2 x line frequency 4
33 ¢/s.

“Precision offset of television transmitters with vary-

ing ficld frequency.” R. Busi. E.B.U. Review, No. 56,
pp. 2-5. August 1959,

TELEVISION PICTURE TUBES

An Australian paper discusses the need, during
manufacture of controlling the final colour of c.r.t.
screens by measurement to a tolerance correspond-
ing to the critical nature of human colour percep-
tion. The screen of a black and white picture tube
is composed of two or more phosphors, chemical
materials capable of giving coloured luminescence
when excited by an electron beam. By suitable
choice of phosphors a screen colour is achieved
which can be closely duplicated from batch to
batch. The C.LE. system of colour specification
and the black body curve on the C.LE. diagram
are used extensively in phosphor blending.
Several aspects of actual screen application such
as body colour of the phosphor, thickness of the
screen and impurities in the settling water, can
cause colour shifts.

“The synthesis of black and white television images
from coloured picture tube phosphors.” C. H

Laurence. Proceedings of the Institution of Radi(;
Engineers Australia, 20, pp. 463-471, August 1959.

PROTON SYNCHROTRON

The June issue of the French journal L'Onde
Electrique is completely given over to the publi-
cation of 35 papers describing the proton synch-
rotron SATURNE, which has been built at the
Centre d’Etudes Nucleaires at Saclay. The machine,
which can accelerate protens to about 3 GeV, is
similar in mode of operation and performance
to the Brookhaven Cosmotron. The accelerating
path through electromagnets energized by an alter-
nating field of about 8:7 Mc/s is about 68m in
length. A Van de Graaff generator is used as
injector.

L'Onde Electrique, 39. No. 387, pp. 421-634.
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