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*“ To promote the advancement of radio, electronics and kindred subjects
by the exchange of information in these branches of engineering.”

RADIO TECHNIQUES AND SPACE RESEARCH

BRmSH participation in space research is still in the embryo stage, and it may be argued that
it is too early to arrange a major technical conference on this subject. Nevertheless this
subject was deliberately chosen by the Council with the dual purpose of providing a forum for
discussing the significant work which is already being done and as a vehicle for presenting to
the nation’s radio and electronic engineers the challenge which lies ahead.

The programme of the Convention has been carefully compiled with these two objectives in
mind. A proportion of the time has been allocated to physicists from Universities and Govern-
ment Establishments, who will describe the objectives of their various studies and in doing so
will point to those areas where they seek the support of their radio and electronic engineering
colleagues. Other papers from industry will describe satellite and rocket instruments under
development or already in use in various joint enterprises with the Universities.

The constraints on the scientist or engineer involved in a satellite programme are formidable.
There are the difficulties of establishing his instrument capsule in space, followed by the problems
of feeding it with power, maintaining communications and carrying out such actions as attitude
stabilization, sun-seeking, etc. Dominating all this is the problem of ensuring the instrumentation
survives the launch phase and achieves a high standard of reliability in the space environment.
All these aspects are being covered in the Convention and papers will be presented on the capa-
bilities of various launchers, the engineering problem of the satellites themselves, the power
sources which can be used and techniques for achieving reliability.

One of the most dramatic ways in which radio has been applied to space research is, of course,
in Radio Astronomy. This is an area where Britain and the Commonwealth enjoy an acknow-
ledged lead and there will be contributions by workers in this field. British and Commonwealth
scientists have also played a leading role both in tracking the artificial satellites launched by
the U.S.A. and the U.S.S.R., and also in extracting important scientific conclusions from the
data obtained.

[nitially satellites were used primarily as tools for pure research, but more recently they have
been used in more operational roles. The most exciting of these is the use of satellites as relay
stations to provide global communications. Another field of great potential importance is the
use of satellites for navigation purposes, and already there are pilot experiments in being which
are demonstrating the scope of this technique. These are some more of the topics which will
be covered by the Convention.

Clearly no major technical conference on any aspect of space research would be complete
without contributions from the two nations already so well advanced in the subject. The
Convention Committee has been fortunate in obtaining several important contributions from the
U.S.A. and it is hoped that there will also be papers from the U.S.S.R.

The Convention will be held in Christ Church, Oxford, and arrangements are being made for
informal or subsidiary meetings in addition to the formal presentation of papers. There will be
an exhibition of equipment and material appropriate to the subject of the Convention and films
dealing with space technology will also be shown.
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EXTRAORDINARY GENERAL MEETING

NOTICE IS HEREBY GIVEN that an Extraordinary General Meeting of Corporate Members of the
Institution will be held at 6 p.m. on Wednesday, 7th June, 1961, at the London School of Hygiene and Tropical
Medicine, Keppel Street, Gower Street, London, W.C.1, to transact the following business:—

1. 1In pursuance of Article 34 of the Institution’s Articles of Association the President and Vice-
Presidents having tendered their resignation, the Council, by virtue of Article 35, announce that the
vacancies arising in the office of President and Vice-Presidents have been filled as follows:—

The President :-—

Admiral of the Fleet the Earl Mountbatten of Burma, K.G., p.C., G.C.B., G.C.S.I., G.C.L.E., G.C.V.0.,
D.S.0., LL.D., D.C.L., D.SC. (Member).

Vice-Presidents:
L. H. Bedford, C.B.E., M.A., B.SC., F.C.G.l. (Member)
W. E. Miller, M.A. (Member)
Professor E. E. Zepler, PH.D. (Member)
J. L. Thompson (Member)
Colonel G. W. Raby, C.B.E. (Member)
Professor E. Williams, PH.D., B.ENG. (Member)
Air Vice-Marshal C. P. Brown, C.B., C.B.E., D.F.C. (Member)

2. To consider and, if thought fit, pass the following resolution with or without amendment as a SPECIAL
RESOLUTION.
SPECIAL RESOLUTION

* That the provisions of the Articles of Association of the Institution be amended by the deletion of
the existing Article 16 and substituting a New Article 16 as set out below.

16. SUBSCRIPTIONS

The corporate and non-corporate members of the Institution shall pay an annual subscription,
irrespective of the date of election, the amount of which shall be determined from time to time by the
Council but shall not exceed :-

Members £20 Graduates over 35 years £16
Associate Members ... £l6 Graduates 25-35 years £12
Companions ... £20 Graduates under 25 years ... £10
Associates £16 Students £10

A Member, Associate Member or Companion may compound for his annual subscription by the
payment to the Institution in one sum of an amount which will, from time to time, be determined by
the Council. The amount shall be at least ninety pounds and shall not exceed a sum equal to fifteen
times the annual subscription payable by a Member.”

Corporate Members who are unable to attend this meeting are reminded that they may appoint another
Corporate Member as their proxy to attend and vote on their behalf. Such forms of proxy must be deposited
at the Offices of the Institution 48 hours before the time of the holding of the meeting.

By Order of the Council.
15th May, 1961
9 Bedford Square, GRAHAM D. CLIFFORD,
London, W.C.1 General Secretary
A copy of this notice has already been sent to all corporate members together with.a form of proxy.
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Radio and Television Broadcasting in Great Britainf

(This survey has been compiled by the Technical and Television Group Committees of the Institution
as a contribution to the deliberations of the Committee on Broadcasting.)
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Introduction

In August 1960 the Government appointed a special
committee to advise on the future of broadcasting.
This body invited recommendations and proposals
from all organizations concerned with the future of
sound and the vision services in Great Britain: the
Institution was one of the bodies invited to give
evidence. The Council of the Institution has decided
that the best service that it can render to the Com-
mittee on Broadcasting is firstly to review the conditions
and circumstances which led to the present broadcasting
systems and secondly to examine possible develop-
ments.

1. Sound Broadcasting

The B.B.C. now transmits a Home Service which is
regional in character, a national Light Programme, and
a national Third Programme.

Until 1940 sound broadcasting throughout the
world was mainly confined to the low, medium and
high frequency bands using amplitude modulation.
A new system of broadcasting employing frequency
modulation was introduced in America in the early
1940’s after a period of experimental transmissions.
The chief advantage of this system of transmission is
the relatively good reception available in areas where
medium frequency reception is very poor because of
interference and severe fading.

1 Approved by the Council for publication on 2nd May 1961
(Report No. 21).
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In 1955, after field tests, the first British v.h.f.
sound broadcasting station was established at
Wrotham. The present twenty v.h.f, stations duplicate
the service at present transmitted on the medium and
low frequencies and may ultimately replace it entirely.

Reception difficulties of signals due to overcrowding
and other forms of interference make it impracticable
to expand broadcasting services in the medium
frequency band. Thus any expansion is likely to be in
the v.h.f. bands.

In order to minimize interference both to public
broadcasting as well as other essential radio services,
it is imperative that international agreements on
allocation of frequencies are strictly observed by all
transmitting authorities.

1.1. Future Sound Programmes

Band II, part of which is already in use, gives
adequate and suitable provision for an expansion of
national or local sound broadcasting. Such expansion
might include cultural or educational programmes and
stereophonic broadcasting services. Any eventual
stereophonic system of broadcasting must be com-
patible with monaural systems existing at the time of
its introduction.

With regard to local broadcasting there is a great
deal to be said for the provision of alternative pro-
grammes of a local character under appropriate
control.! This development was recommended by the
Beveridge committee in 1951 but has not yet been
implemented.2 A recent B.B.C. application to intro-
duce local broadcasting has been rejected by the
Postmaster-General pending the report of the Com-
mittee on Broadcasting.?

2. Television Broadcasting

The first experimental television transmissions were
made by the B.B.C. in 1932 using a 30-line system.
This was soon abandoned in favour of high definition
systems and in November 1936 came the official
inauguration in Great Britain of the world’s first
regular television service, using a 405-line standard.

Other countries, following the British lead, developed
television systems. Whilst these systems are basically
similar to the British system, certain characteristics
are different, and these are compared in Appendix 2.
In 1940 and after extensive study a television service
was opened in the U.S.A.* on a standard of 525 lines
60 fields per second, a standard which was, after the
war, adopted by Canada, Japan, and certain other
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countries. In France the television service was
started on 441 lines 50 fields per second but was later
changed to a higher line standard of 819 lines 30
fields per second.t

On the recommendation of the Hankey Committee,
the television service in Great Britain was resumed in
1946 on the pre-war standard of 405 lines. The
Independent Television Authority which commenced
operations in 1955 uses the standard British 405-line
system.

In most other countries of Europe a 625-line
system has been adopted although some of these
countries employ standards which differ in certain
characteristics. Australia, New Zealand, and some
countries on the African continent also use a 625-line
system similar to that common in Western Europe.

3. The Availability of Frequencies for
New Television Services

Television transmission requires very wide band-
width, and even with careful geographical siting of
stations using the same channel so as to minimize
mutual interference, the number of transmissions in
each band is nevertheless limited.

At the present time Bands I and III are used for
broadcasting the existing 405-line programmes. The
B.B.C. transmits on Band I and I.T.A. on Band I11L.
Both organizations give a national coverage but there
is room in Band 111 for a further network of trans-
mitters to give a third programme. This is only
possible, however, for a coverage of approximately
90 %, if the standard is maintained at 405 lines.

For a third programme using 625 lines the coverage
would be about 70%,. If a complete change to 625
lines is made then Bands I and III will have to be
re-engineered and because of the greater bandwidth
demands of the 625-line system, only two nationwide
programmes will be possible in Bands I and 111.

Any major expansion of national broadcast pro-
grammes over the air will necessitate the use of u.h.f.
Bands IV and V on any system. As stated in the
Television Advisory Committee Report 1960
(Appendix 1),° there has been some international
agreement on the use of an 8 Mc/s channel in Bands
1V and V which allow the setting up of three or four
different national networks. The u.h.f. band as
allocated to television will permit four national
programmes but there has been some encroachment
of other services which will at the moment limit the
frequencies available. Assuming Bands I and III to
be re-engineered on 625 lines thus providing a further
two programmes, there will then be the possibility

t It is understood that it is proposed that the French second
service will be established on a 625-line standard but with
different parameters from West European standards.
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of a total of five or six different programmes (see
Appendix 3).

Unfortunately, by comparison with Bands I and III,
the u.h.f. ‘bands suffer from two major disadvantages:
(1) the reduced service area for a given power; (2)
propagation is less reliable, shadow effects of tall
buildings, hills, etc., being more marked.

A great deal of research into u.h.f. problems is at
present being carried out. Due to overcrowding of the
v.h.f. bands on the Continent of Europe some
countries, notably Germany and Italy, have been
forced into the u.h.f. bands to provide a second
television service. In those countries considerable
progress has been made in the development of u.h.f.
receivers using 625 lines and f.m. sound.

The problems of transmission at ultra high fre-
quencies have been dealt with at length in the report
of the Television Allocations Study Organization® of
the F.C.C. of America, and the B.B.C. experiments
serve to confirm some of the difficulties experienced.

It is for these and economic reasons the Institution
considers that the u.h.f. bands should not be used in
Great Britain for a national television service except
after further detailed study. The u.h.f. band may
immediately be utilized for television transmissions
of a local character.

4. Wired Systems as an Alternative to
U.H.F. Transmissions

In the circumstances described in Section 3 the
possibility of a nationally wired (i.e. non-radiating)
television system becomes attractive. Such a system
would generally provide superior signals with several
different programme channels. Both 405 and 625-line
signals could be transmitted over the same network if
such a requirement exists during the transition period.
In rural areas, or areas of low population density, the
network could be supplemented by low power u.h.f.
stations.

Wired television networks are already being in-
stalled or operated in many towns. Several different
methods are used, some of which are not capable of
carrying an adequate number of programmes. Others
need special receiver arrangements. There is, therefore,
a need for a gradual change to agreed national
standards for wired television. The requirements of
such standards should be investigated at an early
date.” 8 ?

Developments in the field of waveguide transmission
indicate that within a decade it should be possible to
transmit signals at frequency of 35 kMc/s with a band-
width of 1000 Mc/s over long distances by this
technique. For the first time it is possible to foresee
a national distribution system of sound and television
programmes on a wired basis. The main waveguide
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trunking system will serve distribution centres from
which subscriber lines could be laid to individual
homes.

The achievement of such a distribution system
would offer substantial benefits to the public, such as:

(1) Virtually no fringe areas.
(2) No interference.

(3) A selection of programmes at a constant signal
strength.

(4) The possibility of significantly improved pictures
of increased definition.

(5) Planning without the necessity for international
agreement.

The value of a wired system of the type envisaged is
independent of the radio spectrum and of the regula-
tions governing the use of the various radio fre-
quencies. It would appear from existing knowledge
that this method of distribution would be competitive
with the cost of installing transmitters for broadcasting
an equivalent number of programmes.

The prospects are sufficiently near to achievement
to make it highly desirable to consider these implica-
tions in any long term planning.

5. Television Standards

In terms of picture quality the main deficiency of the
405-line standard is in respect of line visibility and
moiré effect. There would be a worthwhile improve-
ment by an increase in the number of lines but the
practical limit to the number of lines is set by the band-
width available. With an 8 Mc/s bandwidth, upon
which there has been some international agreement
625 lines is a good engineering choice (see Appendix 1).

Although the B.B.C. tests!® show that there is no
significant improvement in overall picture quality
between the 405 and 625-line pictures, the 625-line
standard holds the promise of increased picture
resolution with further development of transmitting
and receiving equipment.

With the introduction of additional programmes
and colour transmissions, new transmitting and
receiving equipment would be required. It would there-
fore be opportune at this stage to change the standard
and come into line with one of the European 625-line
standards. The predominant advantage in the change
will be the reduction in observable line structure
especially when television pictures are viewed on a
large screen—21-in. or more. Furthermore the change
to 625 lines will render interchange of programmes
technically easier to achieve since the vast majority of
television systems in Europe and the Commonwealth
are already operating on 625 lines.

A change to a 625-line Western European standard
would not give a marked improvement in horizontal
resolution.
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Some advantages might accrue by the adoption of
an 8 Mc/s channel for a 625-line standard. A standard
of this type has been proposed in Appendix 3 of the
1960 T.A.C. Report.> This proposed standard does
not make recommendations as to the modulation
polarity of the vision signal or the type of modulation
for the sound signal. These aspects of the standard
should be the subject of further investigations.

The major television-producing country in the
world, however, the U.S.A., uses a system of 525 lines
60 fields per second, i.e. different from either Europe
or Great Britain, and a further difference is that the
number of complete pictures per second is thirty (60
fields per second) and not twenty-five (50 fields per
second) as in the case of Europe. The choice of picture
frequency is strongly influenced by the mains supply
system in use in the country in which the television
system is being installed, and this accounts for the
difference between the American system and those
adopted in Europe (see Appendix 2).

If a change were made to a 625-line system in this
country, very little technical difficulty would be
experienced in broadcasting and receiving, on the
same system, recordings which have originated in the
countries using the 525-line standard. There is a
good argument for permitting broadcasting authorities
in this country to transmit on either 625 lines 25
pictures per second or 525 lines 30 pictures per
second. This would necessitate precautions being
taken in the design of television receivers to accom-
modate the two standards and is likely to increase
the receiver cost by about £2. It is essential, however,
to carry out further field tests to establish the
practicability of the proposal.

6. Changeover of Television Standards

If it is decided that the present television standards
should be changed from 405 to 625 lines then the
introduction of the new system must be effected in
such a way that it gives no break or reduction in the
quality of service to viewers and as little disruption as
possible to the British radio industry.

As far as the studios and transmitters are concerned
multi-standard equipment is already being manu-
factured and is in use. In recent years British broad-
casters have installed studio equipment capable of
accommodating 625 lines. It would, however, be a
major practical and economic problem to change
existing equipment such as transmitters and aerials.

The method of changeover will greatly affect
manufacturing policy and, of course, viewers.
Whatever method is adopted the existing 405-line
transmissions in Band I and III must remain
unchanged for 5-10 years after an alternative service
is provided to allow for receiver obsolescence. Three
possible methods of making the change are:
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1(a) Duplicate the existing two programmes, i.e.
B.B.C. and I.T.A. on 625-lines in Band 1V.

(b) Commence any new programme only on 625-
lines Band 1V. Existing 405-line receivers continue
to receive two programmes. New v.h.f/u.h.f.
receivers receive three (or more) programmes.
(Note: Dual-standard rececivers will not be
essential.)

(¢) Band I and I1I transmissions on 405 lines cease
after the new service has been established and a
reasonable time has been allowed for receiver
obsolescence. These bands will then be available
for re-engincering them additional 625-line
programmes.

2(a) Duplicate the existing two programmes on the

625-line system in Band 1V.

(b) Commence the new programme on the 405-line
system in Band I1I, and the same programme on
the 625-line Band 1V (i.e. all programmes could
be received on the present 405-line receivers or on
the new 625-line receivers).

(c) Cease 405-line transmissions as previously stated
1(c).

Install cable distribution in all big towns for say
three 405-line and three 625-line duplicated
programmes on Band 1 (or lower) frequencies.
Simplified 625-line or existing 405-line receivers
can be used.

(b) To cover rural areas fill in with Band 1V 625-line
transmitters giving all programmes.

(¢) Cease 405-linc transmissions as
stated 1(c¢) if desired.

It will be apparent that methods 2 and 3 with
complete duplication of all programmes on 405 and
625 lines would produce the minimum of disruption
in service or obsolescence in receivers. This would be
at the cost of the additional transmission facilities
required to duplicate both the existing programmes
and any new programme. On the other hand, neither
of these methods require dual standard receivers so
that there would be a considerable saving in the cost
to the public of new receivers.

3@

previously

7. Economics of Change

Three programmes broadcast at u.h.f. would pro-
bably need between 100 and 200 transmitters sites to
provide programmes to cover the country. The
building of these stations will take at least five to seven
years even assuming an early acquisition of the sites
and will cost a very substantial sum (at least £50M).
The acquisition of between 100 and 200 suitable sites
is likely to take a very long time judging by past
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experience. Suggestions for alleviating this problem
are given in Section 11.

A u.h.f. receiver for either 405 or 625 lines is
estimated to cost between £5 and £10 more to the
public than existing 405-line receivers. Dual standard
u.h.f. receivers would on the same basis cost £10-£15
more than an existing 405-line receiver.

8. Colour Television

There is general agreement that colour television
should be permitted as soon as a decision has been
reached on the future television standards to be used
for monochrome transmissions. It has been stated by
the B.B.C. that colour transmissions could be started
on the present standards using the N.T.S.C. system
within twelve months of being given permission to go
ahead.

If the decision is taken to leave the standard as at
present (405 lines) this statement by the B.B.C. means
that the United Kingdom could within 12 months be
given a colour television service of a few hours a
week. If a change to a 625-line system is made then
colour television could only be introduced on those
standards when the new 625-line transmissions are
commenced and would follow the natural growth of
the system.

It is likely, however, that even if colour television
were introduced, the growth of colour television re-
ceiver sales would not, for reasons of receiver cost, be
very great. The major difficulty is in the production
of an inexpensive colour display tube. The only
available colour tube is several times the cost of a
monochrome tube and the receiver is likely to cost at
least £200 initially for either of the standards discussed.

Standards conversion for colour television is
extremely difficult and if programme exchange on
625 and 525-line standards is to be made then this is
a strong argument for conforming with one or other
or both of these standards.

9. Programmes and Educational Services

It is possible that the Committec on Broadcasting
will recommend that there should be an extension of
programmes available, both for sound and television.
As a professional body interested in education, the
Institution considers that broadcasting facilities
should be made available for purely educational
programmes. There is a place for more formal
educational programmes on television on the lines of
the present schools broadcasts, and more could be
done in investigating its value as a direct teaching aid.
There is also a need for more adult education by
television. A serious programme for viewers with
only a modest educational background would do
much to improve the common culture.

Journal Brit.l.R.E.
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9.1. Programmes

A strong body of opinion regrets the competitive
nature of the two authorities responsible for radiating
television service for public acceptance. This has
resulted in two programmes which do not offer
sufficient choice of subject matter. This is, in fact, a
common experience where public viewing numbers are
taken as a criterion of success. It is doubtful if ex-
pansion on these competitive lines is desirable since it
will produce a dilution of talent that has the greatest
public appeal with a consequent degradation of
programme quality.

Any expansion of television should therefore make
some attempt to overcome this natural convergence of
programme types and provide the public with a choice
of different programme material.  The present
restricted broadcasting hours represents under-ex-
ploitation of a considerable capital investment in
studios, television networks, and receivers. It is,
therefore, suggested that by removing the restriction
on broadcasting hours this country could benefit from
educational broadcasts during the hours not usefully
employed for entertainment.

9.2. Educational Television

The use of television techniques for formal education
has only received limited attention in the United King-
dom through the schools broadcasts of I.T.A. and the
B.B.C. In other countries, however, notably the United
States of America, there have been many years of
experience in using broadcast and closed circuit
television for formal education at all levels. This
experience seems to indicate that television provides
an opportunity to present educational material to
greatly increased numbers of students and that
students’ achievement on formal courses of study
organized on television is not significantly different
from conventional training. In fact, under appropriate
conditions the use of television as a teaching aid
shows an impressive superiority over conventional
methods. Television, as used in the United States, does
not replace the teacher, but supplements his teaching.
The success of these operations depends upon co-
operative planning between television and classroom
teachers.

It is important that channels should be made
available for educational television and, additionally,
that existing authorities should be permitted and
encouraged to broadcast for longer hours to cater for
educational needs. Such a service reinforced by
extensive closed circuit systems will greatly improve
our teaching methods and possibly raise our
educational standards.

10. Subscription Television

It is recommended that subscription television
should not be granted radiating (over-the-air) licences
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for national coverage owing to the lack of channel
space.

Subscription television is most easily achieved over
a wired system and could be introduced if desired as
an adjunct to a system distributing all other pro-
grammes. Where national coverage is obtained by
the use of u.h.f. transmitters for rural areas these
facilities should be available to subscription television.

11. The Future Overall Control of Broadcasting

At the present time we have, in this country, two
broadcasting organizations, namely the B.B.C. and
the I.T.A., a national communications organization,
the G.P.O., and several programme producing
companies. The G.P.O., in conjunction with the
Government Committee on Frequency Allocation,
takes decisions on frequency allocation. Systems
are decided either by a natural growth resulting in a
Jait accompli or by Government approval following
recommendations from the Television Advisory Com-
mittee (T.A.C.) which in turn is advised by the
Technical Sub-Committee of the Television Advisory
Committee (T.S.C./T.A.C.).

The administration of frequency allocation is at
present handled by the G.P.O., which is also the
representative of the United Kingdom in international
discussions. It is placed in an invidious position when
it is the licensing authority and also an important
user of the frequencies it allocates.

In the United States of America the Federal
Communications Commission provides a single body
with ultimate authority to take decisions on all
matters relating to systems standards, frequency
allocation, interference between services, etc. Such a
body in the United Kingdom, if properly constituted,
could solve many of the problems into which a series
of committees are now enquiring or have enquired.

It is apparent therefore that a considerable amount
of study is required on all aspects of broadcasting,
particularly in television, and this work could be
carried out through such a central authority and
financed by the Government.

It is the opinion of this Institution that this country
should have a single Government Committee called
possibly the National Communications Authority
(N.C.A)) to take decisions on all matters relating to
system standards, frequency allocation, interference
between services, service area, etc.

Moreover, it is recommended that there should be
a sub-committee called possibly the National Broad-
casting Systems Committee (N.B.S.C.) to advise the
N.C.A. on technical matters.

It is further recommended in this context that this
N.B.S.C. should be financed by the Government
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through the N.C.A. to undertake specific studies for
the purpose of providing clear future planning of
systems under such headings as:

(a) Standards for monochrome television
(b) Standards for colour television
(¢) Standards for wire broadcasting.

It is suggested that the N.B.S.C. would allocate
specific budgeted tasks to the most appropriate
laboratories in the country.

Assuming that the WNational Communications
Authority is appointed it will be responsible for the
control of all transmitting services. This can take
two forms, either on the lines of the past development,
in which case a national authority has acquired sites,
erected transmitters, etc., in an attempt to achieve
national coverage. Alternatively, the same coverage
could be achieved by allowing Universities, Local
Councils, private concerns and the like, to apply to
the N.C.A. for permission to erect and operate
transmitters. In this way, the problem of site
acquisition would be alleviated because only when a
locality wanted the service would they apply and thus
make every effort on a local basis to acquire the
necessary site. This has proved highly satisfactory in

America, where the service is determined by public
demand.
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THE RECOMMENDATIONS OF THE INSTITUTION’S COMMITTEES

Sound Broadcasting

1. Because of present overcrowding on the medium
and long wave bands, it is recommended that there
should not be any expansion of broadcasting services
on these bands. Additional services should be
accommodated in the v.h.f. Band 1L

2. The Institution’s committees support the proposals
for the provision of additional and alternative sound
programmes of a local character, but envisages the
necessity for the control of such transmissions to
come under the guidance of such authorities as indi-
cated in paragraphs |1 and 12 of these recommenda-
tions.

3. Thelnstitution’scommittees are unanimousinurging
that in providing for additional sound services, pro-
vision should be made for a considerable extension of
present educational and cultural programmes. For
these to succeed in their application to all forms of
education, the Institution advocates the setting up of
an independent committee on educational broad-
casting with representatives drawn from educational
and cultural authorities.

Television Broadcasting

4. On the utilization of the u.h.f. Bands IV and V for
television broadcasting, the Institution’s committees
recommend:
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(a) These channels should not be used to provide a
National television service except after con-
siderable further study of the transmission prob-
lems involved.

(b) These bands are suitable for radiating television
programmes of a local character.

(c) As an alternative to transmissions in the u.h.f.
band, wired television systems should be con-
sidered.

Wired Television

5. Progress in the development of waveguide tech-
niques makes it possible to foresee a National dis-
tribution system of both sound and television pro-
grammes, and the use of wired distribution would
simplify any change in television standards. In this
event there will be a need for a gradual change to
agreed National standards for wired television.

Television Standards

6. For exclusively technical reasons, the Institution’s
committees agree that a 625-line, 8 Mc/s band-width
standard is a good engineering choice. It is recom-
mended, however, that certain aspects of the standard
should be the subject of further investigation, e.g.
vision modulation polarity, type of sound modulation
and the interchange of 625- and 525-line systems.
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The report describes three possible methods of
changing standards, but it is recognized that the
cost of changing standards of existing programmes
would be very substantial. The minority view of the
Institution’s committees is that the high cost is not
justified in view of the small advantage that would
accrue to the viewer.

It is emphasized that should the British Government
authorize an additional programme to the present two,
such further services can be accommodated in Band 111
provided there is no change of television standards.
More than one additional programme will require a
move to Bands IV and V and/or the use of wired dis-
tribution as and when it would be opportune to change
existing standards.

If a change of standards is made, then existing 405-
line Band I and 111 transmissions should remain un-
changed for 5-10 years after an alternative service is
provided.

Colour Television

7. The Institution’s committees recommend that
colour television should be permitted as soon as a
decision has been reached on future television
standards. If the standards are changed then 625-line
colour transmissions could commence as stations
became available. If the standards are not changed,
then national coverage of colour television could be
achieved within 12 months. The high cost of colour
receivers in either case will restrict rapid growth.

Educational Television
8. The Institution wishes to record its emphatic and

strong recommendation that any extension of tele-
vision services should first take into account the pro-
vision of facilities for supporting juvenile, youth and
adult education. The Institution regards the services
which could be given in this medium as being of para-
mount importance which should take precedence over
providing further entertainment.

Programmes

9. Any expansion of entertainment television should
make an attempt to overcome convergence of pro-
gramme types and provide the public with a choice of
different programme material.

Subscription Television

10. It is recommended that subscription television
should not be granted radiating licence but should be
confined to wired systems.

National Communications Authority (N.C.A.)

11. The Institution’s committees recommend the
setting up of a National Communications Authority
(N.C.A.) to take over and replace the control and
planning activities of the many existing authorities.
Such an Authority would take decisions on all
matters relating to system standards, frequency allo-
cation, interference between services, service areas,
wired broadcasting licences, etc.

National Broadcasting Systems Committee (N.B.S.C.)
12. As an adjunct to the above Authority, it is recom-
mended that there should be a sub-committee, called
possibly the National Broadcasting Systems Com-
mittee, to advise the N.C.A. on technical matters.

Appendix 1

Optimum Line Number for a Television System with an 8 Mc/s channel bandwidth on the basis of
unity ratio of horizontal to vertical resolutions utilizing the vision to sound carrier spacing
suggested by the T.A.C. in its 1960 report.

This is given by:

4 JZfb
nRK

where a = optimum number of lines.
b

ratio of active horizontal scanning period,
to active vertical scanning period

_ 8257,
T 936%
f = video bandwidth of received television

signal, which in a practical receiver would
be in the order of 5-0 Mc/s.

n = number of pictures per second = 25.
= aspect ratio of the picture = 4/3.

= 0-88.

=
|
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K = “Kell” factor = 0-64 1
Substituting figures in the above equation we have
_ 2x5x10°x0-88
7= 25%1-33%0-64
It is usually convenient for technical reasons to
choose a line number whose prime factors are small.

In this case a suitable choice of line number would be
625.

= 640 lines.

+ The Kell factor (after R. D. Kell of the R.C.A. Laboratories)
is the ratio of observed vertical resolution to the number of
lines making up the picture. It is less than unity in view of the
fact that the random vertical picture information does not fall
exactly on the scanning lines of the picture. This factor was
determined by experiment.
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Appendix 2

A Comparison of World Television Standards

Television standard .B.B.C./I.T.A. Russian O.I.R. W. European F.C.C. French
Principal countries of use Gt. Britain  Russia, E. Ger- Most of W. U.S.A,, Iran, France,
and many, Hungary, Europe exclud- Canada, Japan, Morocco,
N. Ireland  Czechoslovakia, ing Britain and  Thailand and  Algeria,
Poland France certain Latin  Tunisia
American
countries
No. of lines 405 625 625 525 819
Channel width . 5-0 Mc/s 8-0 Mc/s 7-0 Mc/s 6-0 Mc/s 14-0 Mc/s
Sound-Vision carrier spacing  3-5 Mc/s 6-5 Mc/s 5-5 Mc/s 4-5 Mc/s 11-15 Mc/s
Transmitted video bandwidth 3-0 Mc/s 6-0 Mc/s 5-0 Mc/s 4-0 Mc/s 10-4 Mc/s
Line frequency c/s 10 125 15 625 15 625 15750 20 475
Field frequency c/s 50 50 50 60 50
Active line scanning period 82 us 52 us 52 us 53 pus 40 ps
Time for one picture element  0-166 us 0-084 us 0-100 ps 0-124 ps 0-048 pus
Number of active vertical
scanning lines (mean of
tolerances) 376 576 576 490 737
Vertical resolution (active 0-7x 376 0-7x576 0-7x576 0-7x490 0-7x737
vert. lines x 0-7) at best. = 263 = 402 = 402 = 343 = 516
tHorizontal resolution (video
freq. x active line scanning
period x § x 2) 369 (308)1 468 (429); 390 (352)t 319 (280) ¢ 625 (592)t
Ratio hor./vert. resolution . 1-4(1 1N 1-16 (1-06)1 0-97 (0-88)% 0-93(0-82)t 1-21(1-15)¢
Total number of picture
elements (vert. res.xhor. 129 000 251 000 208 000 146 000 430 000
res. x 4/3). (108 000)1 (230 0001 (188 000)1 (128 000)t (406 000)t
Elements per picture width . 490 (410)} 625 (570)1 520 (470)1 425 (374)t 835 (790)t
Vision modulation AM. AM., AM. AM. AM.
positive negative negative negative positive
Sound modulation AM. F.M. F.M. F.M. AM.

t Vertical resolution is defined here as the n
resolution is the number of picture elements

1 The values in the above table in
taken as 05 Mc/s less than the tran
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umber of picture elements which may be resolved in the picture height, and horizontal
which may be resolved, in a horizontal direction, in a width equal to the picture height.

brackets are based on the video bandwidth likely to be realized in practice, which has been

smitted video bandwidth.
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Appendix 3

Frequencies Available for Sound and Television Broadcasting in the V.H.F. and U.H.F. Bands

PRESENT OPERATION REALLOCATED
BAND | | 2 3 4 | 5 | 2 3
av) I | ‘ |
4] Mc/s 68 Mc/s 41 Mc/s 68 Mc/s
5 CHANNELS OF 5 Mc/s (405) 3 CHANNELS OF 8 Mc/s (625)
(SOUND) 60 CHANNELS
BAND i OF 200 kc/s
87-5 Mc/s 100 Mc/s
PRESENT OPERATION REALLOCATED
6 | 8 9 | 10 I 1 12 . 13 4 S 6 7 8
BAND Il | l
(TV) | | | |
174 Mc/s 216 Mc/s 174 Mc/s 216 Mc/s
8 CHANNELS OF 5 Mc/s (405) 5 CHANNELS OF 8 Mc/s (625)
BAND IV
™) :
470 Mc/s 585 Mc/s
14 CHANNELS OF 8 Mc/s (625)
BAND V |
(TVAND
SOUND)
610 Mc/s 960 Mc/s
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24 CHANNELS OF 8 Mc/s (625)
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INSTITUTION DINNER 1961

All members have received individual notice of the Institution’s Dinner which is to be held at the Savoy
Hotel, London, on Thursday, 8th June. Applications for tickets and acceptance of invitations are still being
received but the following are some of the members and guests who have already indicated their intention

of being present:—

Adorian, P., F.C.G.I. (Past President)
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Carroll, Sir John, K.B.E., Ph.D., F.R.S.E. (Deputy Controller,
Research and Development, Admiralty)

Cawood, W., Ph.D. (Chief Scientist to the Army Council)

Chamberlain, Air Vice-Marshal G. P., C.B., O.B.E.

Chapman, Air Vice-Marshal H. H., C.B., C.B.E. (Director-General,
Technical Services, Air Ministry)

Chapman, S. R., M.Sc.

Clarke, Rear Admiral Sir Philip, K.B.E., C.B., D.S.O. (Past
President)

Clifford, Graham D. (General Secretary)

Cole, Major General E. S., C.B., C.B.E. (Director of Telecommuni-
cations, War Office)

Cook, Sir William, C.B. (U.K. Atomic Energy Authority)

Cooper, V. )., B.Sc. (Chairman, Television Group)

Coventry, J. E. C. (Scientific Liaison Officer, Rhodesia and Nyasa-
land)

Cox, Sir Harold Roxbee, D.Sc., Ph.D., D.1.C. (Chairman, National
Council for Technological Awards)

Cunlifte, The Hon. Geoffrey (British Standards Institution)

De Soyza, His Excellency G., O.B.E. (High Commissioner for Ceylon)

Diver, F. G., M.B.E. (Chairman, Technical C ommittee)

Drew, H. E. (Chairman, Membership Committee)

D'Rozario, Dr. A. M. (Indian Scientific Adviser)

Dummer, G. W. A, M.B.E. (Member, Convention Committee)

Durlacher, Vice-Admiral Sir Lawrence, K.C.B., O.B.E., D.Sc.
(Deputy Chief of Naval Staff and Fifth Sea Lord)

Dyson, A. A., O.B.E. (Member of Council)

Fletcher, Colonel R. C.
Florey, Sir Howard (President of the Royal Society)
Foster, H. G., M.Sc.

Hardman, H., C.B. (Permanent Secretary, Ministry of Aviation)

Heightman, D. W.

Hill, C. Gray (Solicitor to the Institution)

Hill, Lt. Col. D. V. (Christ Church, Oxford)

Holbein, A. M., C.B.E., B.Sc. (Chairman, Educational Policy, City
and Guilds of London Institute)

Hurren, 8. A, O.B.E., M.C. (Past President)

Jarrett, Sir Clifford, K.B.E., C.B. (Secretary of the Admiralty)

John, Admiral Sir Caspar, G.C.B. (First Sea Lord and Chief of
Naval Staff, Board of Admiralty)

Jones, Air Marshal Sir Owen (President, Royal Aeronautical Society)

King, J. A. (Scientific Liaison Officer, South Africa)
Kirkland, Lt. Col. G. W., M.B.E. (President, The Institution of
Structural Engineers)
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Aspects of the Emission of X-Rays

from Television Recelvers

By

M. V. CALLENDAR, M.A.
AND

D. F. WHITE, B.Sc.t

Summary: The principles involved in x-ray dosimetry are reviewed. The
characteristics and limitations of ionization chambers, photographic film,
Geiger and proportional counters and scintillation detectors when used
for low intensity dose-rate measurement are discussed. A proportional
counter is used to study the spectra of x-radiation from cathode ray tubes
and rectifiers. The energy response characteristics necessary in a counter
for dose rate measurements are given.

A proportional counter is used to measure the x-ray dose rates from
typical television receiver cathode ray tubes. The radiation level is found
to be considerably below the present maximum permissible dose rate. A
theoretical treatment of the x-ray spectrum transmitted through a glass
envelope shows general agreement with the observed spectra from cathode

ray tubes.

1. Introduction

The tremendous increase in the use of artificially
produced radioactive isotopes in recent years and the
measures taken to ensure the protection of personnel
working with these radiations has led to a closer
examination of other potential sources of ionizing
radiation to which the general public may be exposed,
such as x-ray machines for shoe fitting, luminous
instrument dials and equipment employing cathode
ray tubes and high voltage rectifiers, such as television
receivers.

It has been recommended in B.S. 415:1957 and also
by the International Commission on Radiological
Protection that the x-radiation from equipment con-
taining cathode ray tubes and rectifying valves shall
nowhere exceed 0-5 millirontgens per hour (mr/hr) at
the outside surface of the equipment housing.

In cases where the amount of x-radiation is con-
siderable and this 0-5 mr/hr contour occurs at some
distance from the source of radiation, its measure-
ment poses no particular problems, being measurable
by an ionization chamber. In the particular case of
television receivers, however, in which possible sources
of x-radiation are localized, and the radiation itself
is of low intensity, special techniques are required
for accurate measurement, particularly since such
measurement must usually be made in the presence of
both electric and magnetic fields. X-radiation from
such sources is also normally less than 20 keV in
energy, so that particular attention must be paid to
the response of the radiation detector in the low
energy region.

+ Ekco Electronics Ltd., Southend-on-Sea, Essex.
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If it is required to set an upper limit of 0-5 mr/hr it
is desirable that the instrument for measuring the
x-ray dose rate should have a sensitivity of at least
0-1 mr/hr.

Both ionization chambers and Geiger counters have
been used in attempting to measure the x-ray dose
rate from television receivers, but the results are open
to errors which will be considered later.

2. Fundamental Considerations

In dosimetry it is convenient to specify x-rays in
terms of their energy in electron volts, E, rather than
in terms of their wavelength in angstroms, A. The
relationship between the two units is

E=12396A"Y ... (1)

A comprehensive review and bibliography on the
subject of radiation dosimetry has been given by Hine
and Brownell.!

The most widely used unit of radiation dose is the
rontgen. The definition of the rontgen as the quantity
of x or gamma radiation such that the associated
corpuscular emission per 0-001 293 gramme of air (i.e.
1 cm® of dry air at 0°C and 76 cm Hg pressure)
produces ions carrying 1 e.s.u. of electricity of either
sign, implies that the maximum current derivable
from air subject to a dose rate of 1 mr/hr will be
9:24 x 10717 amps per cm?® at s.t.p. This fact is the
basis for ionization chamber measurements of dose
rate.

The same definition, however, may be considered
in terms of the energy dissipated by the radiation in
its passage through air. If ¢ individual x-ray photons,
or quanta, each of energy E electron volts are in-
cident upon an area of 1 cm? the total energy flux per
cm? will be gE electron volts. A certain fraction of
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these photons will be absorbed in each centimetre of
air path, this fraction being (1—exp(y,;)) since the
absorption follows the usual exponential law, where
14 is the true linear absorption coefficient of air for
x-rays of energy E. In practice u, <1, so that this
fraction is equal to u;. Thus the total energy lost per
cm of air will be g, gF electron volts.

The average energy, W, lost by radiation in pro-
ducing one ion pair is 34 electron volts. This is the
value recommended by the International Commission
on Radiological Units and Measurements (ICRU) in
1957; previously the value 32-5 had frequently been
used. Thus the creation of | e.s.u. of charge, corre-
sponding to 2-08 x 10° ions, involves a total energy
absorption of W x2-08 x 10°, i.e. 7-07 x 101° electron
volts, so that from the definition of the rontgen an
energy loss of 1 electron volt per cm® corresponds to
a dose of 1-41 x 10~ !! rontgens.

We already have, however, that the energy lost per
cm by g photons/cm? of energy E is u,qE, and hence
the dose R in rontgens delivered by this radiation
will be

R=141x10""" yqgE

Converting this into the more usual units of dose
rate, D, in millirdntgens per hour produced by a
radiation flux of n photons/cm?/s of energy E keV
gives

D = 658x10"3 nukE
where u is the true miass absorption coefficient of air
(1, = p x density of air).

Equation (3) is the basis for all techniques of

=1

-
(=]

TRUE MASS ABSORPTION COEFFICIENT FOR AIR cm?/g

l i Al A I
| 10 100
ENERGY IN keV

Fig. 1. True mass absorption coefficient of air as a function of
x-radiation energy.
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measuring dose rate by means of photon detectors
(e.g. Geiger counters).

The value of 4 is accurately known for air both from
theory and experiment. Figure 1 shows the variation
of u with the energy of the radiation. Equation (3)
may be written as

1
658 x 10" SuE
where N is the photon flux required to produce a dose
rate of 1 mr/hr. From eqn. (4) and Fig. 1 the value
of N may be derived for any value of E, and the
result is plotted in Fig. 2.

N = = 1-52x 10*/uE ......(4)

Figure 2 shows that in the energy range of in-
terest here, i.e. less than 30 keV, the photon flux
required to produce a given dose rate increases very
rapidly with energy. In this energy range where the
absorption of x-radiation energy by air is almost
entirely due to the photoelectric effect, 1 is varying
approximately as E~*! and the curve in Fig. 2
closely follows the law

N =287 E*!
up to an energy of 30 keV.

10*

=]
-

°N

PHOTONS /cm?/s FOR tmr/hr
T

I I
5 10 20 50 100
ENERGY IN keV

!
|02 200

Fig. 2. Photon flux required for a dose rate of 1 mr/hr at various
energies.

3. Methods of Measurement

The foregoing considerations show that there are
two basically distinct methods of measuring radiation
dose. In the first group the amount of ionization
produced by the radiation in its passage through
matter is measured, whereas in the second group the
individual photons are detected and the dose rate
derived from the photon flux thus measured.
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The various types of radiation detector
therefore be grouped as follows:

may

Ionization chambers
Photographic film

Ionization type:

Geiger counter
Scintillation counter
Proportional counter

Photon detectors:

3.1. Ionization Type

3.1.1. Ionization chamber

Since the rontgen is defined in terms of the ioniza-
tion produced in air, the saturation current from an
ionization chamber of suitable volume and wall
material gives a direct measurement of dose rate,
provided the dose rate is uniform throughout the
chamber, regardless of the energy of the x-radiation
being measured.

Since at a radiation level of 0-1 mr/hr this current
is only 9-24 x 10~ '® amps per cm? a chamber of con-
siderable volume (~1 litre) is necessary to obtain a
measurable current. Because the intensity of radiation
decreases as the square of the distance from a point
source, such a chamber will only give a true indication
of dose rate at distances from the source that are large
compared with the dimensions of the chamber, other-
wise the dose rate will decrease significantly through
the depth of the chamber. In the case of television
receivers the dose rate is normally below 0-1 mr/hr at
distances of a few inches from the set, so the use of an
jonization chamber can give erroneous results.

3.1.2. Photographic film

The blackening of photographic film by x-radiation
is frequently used for monitoring purposes and has the
advantage that very localized measurements are pos-
sible, thus overcoming the difficulties mentioned above

for ionization chambers. For a reasonable degree of

blackening, however, it is necessary for a total in-
tegrated dose of at least 50-100 mr to be received by
the film. At the radiation levels here being considered
this involves exposure times of 100 hours and up-
wards for each measurement. A second difficulty is
that for low energy radiation, less than 50 keV, the
calibration of the film in terms of dose is very depen-
dent upon the energy of the incident radiation.

3.2. Photon Detectors

A review of the use of Geiger, proportional and
scintillation counters specially adapted for the detec-
tion of low energy x-radiation has been given by
Long,? and also by Taylor and Parrish,> and the
details of their action will only be reconsidered here
in connection with their use for dose rate measure-
ments. Their suitability for this purpose depends on
the ability to make their counting efficiency vary with
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x-ray energy approximately as £~ (see eqn. (5)) so
that the count rate per mr/hr remains reasonably
constant over the range of energies of interest. Failing
this their output must be such that it is possible to
distinguish between radiations of different energies.
Each detector in turn will be considered from this
point of view.

3.2.1. Geiger counter

The Geiger counter responds to x- and gamma-
radiation by virtue of the secondary electrons ejected
from the wall material and the gas filling of the
counter. These secondary electrons are created, in the
region of energies below 50 keV, by photoelectric
absorption of the incident x-ray photons. The field
strength in a Geiger counter is such that a single free
electron in the sensitive volume of the counter will
create an “‘avalanche” resulting in a pulse of charge
at the anode of sufficient magnitude that a pulse
amplitude of several volts is obtainable. The overall
detection efficiency may be in the region of 0-1—19,.
Thus at, say, 10 keV energy a typical end window
Geiger counter with a window diameter of 2 cm may
give a count rate of 1-10 ¢/s for a dose rate of
1 mr/hr. The chief objection to a Geiger counter is
that all output pulses are of the same amplitude,
regardless of the energy of the incident radiation.
Thus, unless the variation in efficiency with energy is
the exact inverse of the photon flux required to
produce a given dose rate, the results will vary with
the energy distribution of the incident radiation.

In particular, an x-ray tube emits a broad spectrum
of x-ray energies whose shape is a function not only
of the h.t. voltage applied to the tube but also of the
target material, window material and thickness. The
spectrum will also vary with the nature and degree of
any filtration applied to the output from the tube.

In the same way the spectrum of the x-radiation
from cathode-ray tubes and rectifiers will be depen-
dent upon the thickness and composition of the
envelope and any intervening electrodes. The ab-
sorption of radiation in the envelope will be par-
ticularly dependent upon the quantities present of any
element of high atomic number. In particular the
spectrum transmitted by a lead glass envelope will be
very different from that transmitted by a soda glass
envelope.

Thus even if a Geiger counter has an apparently
flat response over a range of energies when calibrated
by means of an x-ray tube and using aluminium
filtration, a very different response curve may be
obtained if different filtration is used. As a typical
example, an MX108 Geiger counter, which is one of
the few with an apparently flat response up to about
18 keV, was calibrated by means of an x-ray tube
using aluminium filtration on the x-ray beam. Lead
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filtration was then substituted for aluminium and the
count rate again noted for the same dose rates. The
results are shown in Table 1.

Table 1
Count/min for 1 mr/hr Ratio
keV Al/Pb
Al filter Pb filter
15 216 196 1-10
18 266 202 1-32
20 297 209 1-42
22 360 284 127
25 423 343 123
30 490 504 0-97

The L-absorption edges of lead are in the region
15-8-13-0 keV, so that attenuation of x-radiation
just above these energy limits will be very heavy. At
energies of less than 13 keV the absorption coefficient
of lead drops suddenly, and also a certain amount of
the radiation of energies greater than that of the
absorption edge will generate the characteristic L
x-rays of lead from 10-12 keV. The nett result is that
although the x-ray tube may be operating at 20 keV,
the majority of the radiation is being emitted at
approximately 12 keV and as the dose per photon
increases as E~2 almost the whole of the radiation
dose rate will be due to the 12 keV component. More
important still, as the voltage is raised, the majority
of the radiation will remain at 12 keV rather than
increasing in energy. Table 1 shows that differences
in calibration of up to 429/ were observed even though
the degree of filtration was not chosen to give the
maximum effect.

This effect must always occur where the radiation
passes through a material which has an absorption
edge within the range of energies being emitted by the
x-ray source and is particularly important in the
present type of application where envelopes may be
either of soda glass or lead glass.

Even the use of aluminium filters of a thickness
which is varied with the voltage applied to the x-ray
tube leads in a similar way to a calibration curve
which is as much a function of the filtration as of
applied voltage. Thus at 20 keV a difference of over
209 in calibration can be obtained with the MX108
simply by alteration of the aluminium thickness, the
apparent sensitivity increasing with filtration, as
would be expected from the shape of the calibration
curves given by Ciuciura* and Oosterkamp et al.’
From these calibration curves the sensitivity is clearly
rising rapidly with increasing energy above 15 keV.
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Therefore with higher degrees of aluminium filtration
(thereby increasing the mean energy of the trans-
mitted radiation for any given voltage applied to the
x-ray tube), the commencement of the steep rise in
calibration will be shifted to lower values of applied
voltage. With higher applied potential the effect
naturally becomes more pronounced. Thus although
a Geiger counter may be calibrated empirically by
comparison with a standard ionization chamber
using an x-ray tube, this calibration may be seriously
in error if applied to a source of radiation with a
different energy spectrum, unless the dose rate response
is truly flat over the range of all emitted x-ray energies.

3.2.2. Scintillation counter

As described by Long,? a thin thallium-activated
sodium iodide crystal with a beryllium window in
conjunction with a suitable photomultiplier will
detect x-rays of less than 50 keV energy with approx-
imately 1009 efficiency. Although on average the
output pulses from such an arrangement are propor-
tional in amplitude to the energy of the incident
radiation, there is a large spread in amplitude from
pulses due to radiation of a given energy. Due to this
poor energy resolution it is difficult to translate the
count rate from a scintillation counter into a dose
rate.

3.2.3. Proportional counter

As a pulse counter this has the merit that the output
pulses are strictly proportional in amplitude to the
energy of the ionizing event detected. The gas filling
is generally either argon or xenon with a small amount
of methane added, the total pressure being approxi-
mately equal to atmospheric. Such a counter has
good discrimination between radiations of different
energies. Thus a 15 keV x-ray will give a resolution
(ratio of width of the pulse height distribution at one
half its maximum height to the amplitude of the mean
pulse height) of 10%.

The sensitivity of such counters is such that count
rates of 400 c/s for a dose rate of 1 mr/hr are usual and
a sensitivity of 2000 c/s per mr/hr is easily attainable.

The pulses from proportional counters are neces-
sarily very small (of the order of 1 mV), and as pulse
height analysers require a pulse of at least 5 volts, a
linear amplifier with a gain of at least 10 000 is re-
quired. Such a counter was used to plot the actual
spectrum of energies being emitted by a source of
x-radiation. By suitable choice of gas filling the
variation of efficiency with radiation energy may be
made such that its response in terms of count rate per
unit dose rate does not vary by more than 109, over
the range from 7-5 to 20 keV. The high sensitivity
means that only short counting times are required in
order to obtain a reasonable statistical accuracy.
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4. Experimental
4.1. Equipment

In view of the above considerations a proportional
counter was chosen in an attempt to provide accurate
dose rate measurements over the range of energies
concerned in commercial television receivers.

The particular counter used in this work was the
PX130 (20th Century Electronics Ltd.) which has a
22 mm diameter beryllium side window 0-020 in.
thick. The effective window area, after allowing for
the window supports which are effectively opaque to
x-rays, is 3-58 cm?. The pulses from it were fed via a
conventional linear amplifier A.E.R.E. type 1430 (or
Ekco N568) which, with its associated head amplifier,
has an overall maximum gain of 120 dB, to an Ekco
N600 ratemeter. The latter incorporates a 0-2500
volt stabilized high voltage supply suitable for operat-
ing the PX130 which has a working voltage in the
region of 2050 volts. Also incorporated is a pulse
height analyser.

More recently a combined scaler/ratemeter has
become available (Ekco N683) incorporating not only
the necessary h.v. supplies and a pulse height analyser
but also an amplifier with a gain of 100 000 which is
sufficient to amplify the output pulses from the pro-
portional counter to a suitable level (5-50 volts) to
operate the analyser, enabling the A.E.R.E. type 1430
amplifier to be dispensed with, and all the electronics
to be contained in a single unit of overall dimensions
174 in. high x 19 in. wide x 15 in. deep.

Because the pulses from the counter are small, care
must be taken with the cleanliness of all insulators and
connectors carrying the h.t. voltage to the counter.
Also, when operating close to a television receiver,
precautions must be taken with the screening of the
cable from the counter to the head amplifier, which
should preferably be double-screened.

4.2. Efficiency of Counter

This can be established from a knowledge of the
transmission of the beryllium window and the absorp-
tion coefficient of the filling gas at various energies.

The efficiency # will be given by

n= exp(_”wpwt)[l _exp(—lugpgd)]
since the absorption of radiation follows an ex-
ponential law, where y,, 4, are the mass absorption
coefficients of gas filling and window respectively
(both functions of E), p, and p,, are the respective
densities, d the diameter of the counter and ¢ the thick-
ness of the window. The term exp(—u,p,!) in eqn.
(6) gives the fraction of the radiation that will pass
through the beryllium window, and the term (1—
exp(— u,p,d)) the fraction that will be absorbed, and
therefore detected, within the counter gas. The mass
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absorption coefficients of argon, xenon and beryl-
lium are shown in Figs. 3 and 4. With p, = 1-83 for
beryllium and ¢ = 0-05 cm, the window transmission
is 57% at 5 keV, rising to 809, at 7 keV and over 909,
for energies above 10 keV. Subsequent observation
showed that almost the whole of the x-radiation from
television receivers is above 7 keV in energy, so that
window absorption is not a serious factor.
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Fig. 3. Mass absorption coefficients of xenon and argon.
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Fig. 4. Mass absorption coefficients of beryllium.
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Fig. 5. Variation of counter efficiency with energy of radiation.
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Fig. 6. Typical x-radiation spectrum from an x-ray tube.
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Fig. 8. Spectrum of x-rays from a rectifier with lead glass
envelope.
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Clearly the general shape of the efficiency charac-
teristic can be modified within limits by alteration of
the pressure of the gas filling (affecting p,). In the
present experiments the counters were filled to a
pressure of 70 cm Hg with argon or xenon and made
up to 76 cm Hg by the addition of 6 cm Hg methane.
The effect of the methane upon the absorption
characteristics of the gas filling is negligible.

Using Figs. 3 and 4 and eqn. (5) the efficiency of the
argon or xenon-filled counter may be calculated for
any energy of x-radiation. Argon and xenon effi-
ciencies for the present counter which has an effective
depth of 4-8 cm and a filling pressure of 70 cm, are
shown in Fig. 5.
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Fig. 7. Spectrum of x-rays from a cathode-ray tube.

3 3
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RELATIVE COUNT RATE

0 | L ]
20 25

15
ENERGY [N keV

Fig. 9. Spectrum of x-rays from a rectifier with soda glass
envelope.

4.3. Energy Spectra of X-radiation

The threshold bias of the pulse height analyser was
calibrated for a given h.t. voltage applied to the
counter in terms of radiation energy by the use of a
source of radioactive Fe55. This isotope emits a
single x-ray of energy 5-9 keV. By suitable choice of
amplifier gain it was arranged that the entire range of
threshold voltage (5-50 V) on the pulse height
analyser corresponded to 2-5 keV-25 keV in x-ray
energy. The gate width of the analyser was set to
accept an energy range of 1 keV.
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Fig. 10. Variation of count rate per mr/hr with energy from
xenon filled PX130. Pressure 70 cm Hg.

By the use of a ratemeter and chart recorder the
spectra in Figs. 6-9 were obtained. These curves show
that the x-ray energy distribution from an e.h.t. rectifier
may be completely different from that of an x-ray
tube. The energy spectrum of the radiation from a
cathode-ray tube (Fig. 7) is basically similar to that
from an x-ray tube (Matchlett Aeromax 12, Fig. 6)
but shows a narrower distribution of energies owing
to the greater degree of filtration by the walls of the
cathode-ray tube. The rectifier (Fig. 8) has a lead
glass envelope and the peak in the spectrum in
the region of 12 keV arises from the comparatively
low absorption by the glass in the region just below
the L absorption edge of lead, together with some
excitation of the characteristic L-lines in the x-ray
spectrum of lead. The spectrum shown in Fig. 9 is
for an identical rectifier with a soda glass envelope.

4.4. Measurement of Dose Rates

From eqn. (4) and Fig. 5 the count rate per second
for a dose rate of 1 mr/hr at any energy was cal-
culated for both the argon filled and xenon filled
counter. The results are shown in Figs. 10 and 11.
Figure 5 showed that the efficiency of the counter
filled with argon to 70 cm Hg pressure follows the
desired E~2! response characteristic quite closely
over a considerable range of energies and in fact from
Fig. 11 it can be seen that for this filling the count
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rate per mr/hr does not vary by more than + 107
from a mean value of 438 counts per second per mr/hr
over the energy range from 7-5 keV to 20 keV.
Similarly, over the range 7-:5-25 keV there is a maxi-
mum variation of +15% from a value of 417 counts
per second per mr/hr.

Both of these error limits can only occur if the whole
of the radiation is substantially mono-energetic and
occurs at the point of maximum deviation, i.e. 11
keV or the upper end of the range. In practice there-
fore, for radiation with a distribution of energies, the
errors will be less than this.

Increasing the pressure of the argon (or substituting
xenon) would raise the high energy end of the response
curve but depress the low energy end, i.e. the peak of
the curve would move towards higher energies.
Reducing the pressure improves the low energy
response only slightly because absorption in the
window becomes the controlling factor below 7 keV
and depresses the high energy response. A series of
calculations for various pressures showed that for a
counter of the dimensions of the PX130 an argon
filling at 70 cm Hg pressure is the most suitable.

In order to check the entire sensitivity curve, an
x-ray tube was operated at 30 kVp, the gatewidth of
the pulse height analyser being adjusted to accept an
energy interval of 1 keV and a spectrum recorded as
in Section 3.3. Taking the count rate in each 1 keV
interval and using the appropriate count rate to dose
rate conversion figure at each energy from Fig. 7, the
dose rate was computed, thus using the whole of the
calibration curve from 7 keV to 30 keV. At the same
time the dose rate was measured with an ionization
chamber.

500 T T

2

w
(=
=

8

COUNT RATE/S PER mr/hr

5 10 15 20 25 30
ENERGY IN keV

Fig. 11. Variation of count rate per mr/hr with energy for argon
filled PX130. Pressure 70 cm Hg.

395



M. V. CALLENDAR and D. F. WHITE

The output from the x-ray tube was made suffi-
ciently high for the ionization chamber to be placed
at a distance from the tube great enough to avoid any
geometrical errors. The results of the comparison are
shown in Table 2.

Table 2
H.T. Dose rate
kV mr/hr
observed calculated

30 21 199
30 2-15 209
30 1-85 178
30 1-2 1-11
30 65 6-18
25 1-7 1-59

This scanning technique may always be used when
results of the highest accuracy are required, but it
is time-consuming as a complete scan may take 45
minutes.

For radiation monitoring work, however, the
accuracy given by a single count rate, setting the
analyser to accept the whole of the energy spectrum,
and applying a single count rate to dose rate con-
version figure is normally adequate.

As a compromise for higher energy ranges (e.g. up
to 30 keV), or more accurate measurements, it is
always possible to split the energy spectrum into two
or three intervals, and take count rates using the
appropriate mean calibration figure for each interval.
For example, if the energy range is 7-30 keV, the
pulse height analyser is first set to accept energies
between 7 and 20 keV, the count rate measured and
converted to a dose rate using the appropriate con-
version figure for this range. The analyser is then
adjusted to accept energies between 20 keV and 30
keV, and the dose rate computed for this range. As
the sensitivity is high, a counting time of one minute
in each energy interval is adequate even for dose rates
as low as 0-2 mr/hr,

The background count rate with a counter of this
type corresponds to less than 0-01 mr/hr.

5. Measurements on Television C.R. Tubes
5.1. Equipment

The equipment (using a proportional counter)
described in Section 4 was used to examine the
radiation from a sample fraction of the c.r. tubes
received by the authors’ company in January 1960 for
incorporation in television receivers. The levels of
radiation were, in most cases, so low as to be not
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reliably measurable by previously available types of
radiation measuring equipment: all figures recorded
were well below the 0-5 mr/hr limit specified in
B.S. 415.

5.2. Spectrum

The spectrum (Fig. 6) of the radiation from the
tubes showed a fairly sharp peak for photon energies
(E), some 2 keV below the maximum possible value
Eqnax: here E,,, if measured in keV is numerically
equal to ¥y, the d.c. e.h.t. voltage. This shape agrees
in a general way with that estimated from theory in
the Appendix.

If 1| and I, are the intensities inside and outside the
glass, and ¢ is thickness in cm, we have L/I, =
exp(—ut) for radiation of any one energy (or wave-
length).

102}

ATTENUATION PER mm OF GLASS

| Il 1 | 1 { Il
12 14 16 8 20 22 24
PHOTON ENERGY keV

Fig. 12. Estimated attenuation of radiation by the glass of the
c.r. tubes.

For the glass here concerned, u is estimated to be
roughly 16 at 20 keV, giving a curve for attenuation
against photon energy as shown in Fig. 12, If 19 kV
is applied to the tube, the relevant band is 15 keV to
17-5 keV from Fig. 6 and the radiation is thus reduced
about 25 times per mm of glass.

The minimum thickness (at the back) is about
5 mm: we should have a variation of some 25/1 in
radiation between extreme samples if the thickness
were controlled to + 0-5 mm (precise limits are not
available). The front plate thickness is from 65 to
8 mm minimum, and thus the radiation from it should
be 102 to 10* times less than the maximum from the
back.
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5.3. Distribution of Radiation

The distribution of the radiation from a typical
21-in. tube was examined in detail. Results are sum-
marized in Fig. 13 where the radiation level is given
in terms of the dose rate at the “standard” position,
which is the point of maximum radiation on the
surface of the smallest rectangular cabinet which
could enclose the tube. Attenuation by a wood or
plastic cabinet can be assumed negligible.

We see that the maximum dose rate at the surface
of the tube is but little greater than the “‘standard”,
while that at 1 ft from the cabinet never exceeds about
one-tenth of the “standard”. Radiation from the
front is extremely low, even without the usual glass
implosion protection plate.

‘2;: 5" ‘l' 0” ‘u 5"
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1 | 1 1

Fig. 13. Distribution of radiation, expressed as a percentage
of the maximum at the surface of the cabinet.

5.4. Variation of Radiation with Current and E.H.T.
Voltage

The variation of radiation with beam current was
found to be linear, as expected. A plot of radiation
against e.h.t. volts (see Fig. 14) on suitable log-log
paper showed a law roughly approximating to Joc ¥2°:
this is in general agreement with Ciuciura’s results.*
A useful rough rule for the variation with e.h.t. over
the normal range is: dose rate is trebled for each
1 KV increase in e.h.t. voltage.

In view of the critical nature of the relation be-
tween radiation and e.h.t. some further investigation
was deemed advisable. In the course of this, it was
found possible to take a tube (specially selected) up
to 26 kV and the results are shown in Fig. 15. A
brief theoretical investigation was also made and the
results, given in the Appendix, in general agree with
the experiments.
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Fig. 14. Experimental results for dose rate versus e.h.t. voltage,

are shown by crosses. Full lines show dose rate (approx.) for

various currents, and dashed line is locus for 19 kV e.h.t. supply
with internal resistance of 5 MQ.

5.5. Level of Radiation for a Batch of Tubes

The radiation at the “standard” position was
measured for three batches of 110 deg deflection
tubes (as listed in Table 3). It was intended originally
to take measurements on larger batches, but this was
subsequently not considered worth while in view
of the very low levels of radiation encountered,
especially with the 17-in. tubes. For the same reason,
the statistical method outlined by Ciuciura* was not

L0G,o (RELATIVE DOSE RATE)

20kV 22ky 23kV 24KV 25kV 26kV 27kV

430 435 440 45
L0G,q Vo

Fig. 15. Measured variation of dose rate with e.h.t. voltage up

to 26 kV.
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practicable, the e.h.t. required to obtain one “per-
mitted dose” being always well above the maximum
permissible for the tube. It is of interest to note that,
if a histogram is plotted for count (or dose) rates, a
very skew distribution is obtained (see Fig. 16): re-
plotting in terms of log (count rate) restores the
symmetry, as anticipated from theory (see Appendix).
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COUNTS/ SECOND LOGe {COUNTS/ SECOND)

Fig. 16. Histograms for counts/second (Na) at the standard
position for 50;Type “A” tubes, at 19 kV, 200 HA.
(440 counts/s = 1 mr/hr).

We require to know the maximum likely voltage of
operation. To estimate this, we start from the maker’s
maximum design centre voltage (18 kV for 21-in.
tubes and 16 kV for 17-in. tubes), and then allow for
a + 6% spread of mains supply volts about the
nominal, plus a variation of + 6% in e.h.t. to cover
tolerances on components, giving final figures of
20 kV and 18 kV respectively for the two tubes, as
measured at zero beam current.

We then consider the variation of radiation with
beam current. The receivers in which the tubes were
to be used showed a minimum effective resistance of
5 megohms for the e.h.t. supply, and under these
conditions the curves for variation of radiation with
beam current and with e.h.t. show that the maximum
radiation occurs at around 200 wA (Fig. 14). A
value between 5 and 10 MQ is typical for current
British receivers: lower values are only encountered
with projection or colour tubes, for which special
e.h.t. regulation circuits are incorporated.

These considerations show that tests at—

19 kV 200 pA for tubes with 18 kV max. design centre
rating

17 kV 200 ¢A for tubes with 16 kV max. design centre
rating

would represent the worst conditions which are
likely to be met with in practice. In our case, the 17-in.
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tubes were actually tested at 19 kV, since the radiation
was normally undetectable at 17 kV.

The figures shown in Table 3 were obtained for
maximum radiation in mr/hr at the surface of the
cabinet with 19 kV e.h.t. and 200 wA beam current:

Table 3
Number  Radiation in mr/hr
Size Type tested Average  Highest
21 in “A” 50 0-03 0-08
17 in “B” 40 <0-01 0-01
17 in “c» 24 <0-01 <0-01

These are to be compared with the maximum per-
mitted dose rate of 0-5 mr/hr specified in B.S. 415.
The background radiation averaged 3 counts per
second, corresponding to about 0-006 mr/hr at
15 keV.

It should be noted that these particular tubes were
actually used in receivers having a design centre
e.h.t. of 16 kV, so that the maximum actual radiation
would be only about one tenth of that measured in
Table 3.

Tests upon a small number of tubes of other makes,
of various dates of manufacture, showed levels of
radiation of the same order as those in Table 3, and
general characteristics (e.g. the low ratio of front to
back radiation) were similar. But quite large variations
in level are no doubt possible, arising from variations
in the thickness of the glass envelope, and secondarily
from differences in the composition of the glass.

5.6. Conclusions upon the Radiation Level from
C.R. Tubes in Television Receivers

The levels of radiation shown in the above tests are
at least one order of magnitude lower than those
reported by Ciuciura.*

Since the great majority of receivers so far made in
Britain use a design centre e.h.t. of 16 kV or lower, it
seems likely that the proportion of tubes giving a
radiation approaching the B.S. limit in actual re-
ceivers in use is vanishingly small. Even on Ciuciura’s
figures, this proportion would be only of the order of
0-01%. (See his Table 2.)

Nevertheless, it is desirable for manufacturers to
maintain a systematic check upon their tubes,
especially upon those rated at 18 kV or above.

The level of radiation from the tube at the normal
viewing position (about 5 ft from the front) is, of
course, extremely low and is likely to lie between
10™* and 107% mr/hr.
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8. Appendix

Calculation of Form of Spectra and of Variation of
Radiation with E.H.T. Voltage

We can make an approximate calculation for the
shape of the spectrum from a c.r. tube, and for the
variation of total x-radiation with e.h.t. (¥,) in the
following steps:
(@) We assume (following Kramers®) that the
spectrum, as generated, for energy flux/cm? (I, g) just
inside the glass envelope against photon energy E is
given by I, 5 oc (Eo— E)where E, in keV is numerically
equal to V.
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Fig. 17. Calculated x-radiation spectra assuming a normal
absorber.
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Fig. 18. Calculated curve for variation of x-radiation flux (I3)
with attenuation A, and e.h.t. (¥,). Second curve is for counts
per second (Nz2).

This formula, although apparently the best avail-
able, is an idealized approximation: however, the
resulting errors are probably unimportant in our
case where the subsequent selective attenuation is very
large. ““‘Characteristic” radiation is here neglected,
since our tests afford no evidence of its presence in
any significant quantity: this is fortunate, since little
information exists upon its intensity relative to that
of the continuous spectrum, or “Bremsstrahlung”.

(b) The spectrum for energy flux I, just outside
the glass envelope is then I,p oc (Eq—E) exp(—ut)
where u is absorption coefficient and ¢ is thickness
of glass. For the case of a ‘“normal” absorber,
such that no absorption edge occurs in the relevant
range of E, we can put ut = AoEy*/E® where A,
is the attenuation in nepers for photons of energy
E, = V,. The form of the spectrum is here depen-
dent solely upon A,; thus the curves in Fig. 17 apply
for any “normal” absorber at that value of ¥, for
which the attenuation is A4,.

(c) We now calculate the total radiation
0
I, = I, .dE
0

from the area under the spectrum curve.

In the general case, we shall have a series of spectra
for various values of ¥,, and from the area of each we
obtain one point upon the required curve for 1,
against V,. For a “normal” absorber, this process
can be conveniently tabulated by taking a series of
values of ¥V, (each 27* times the last) such that 4,
is halved at each step. The results are then plotted
on log-log paper as shown in Fig. 18: the slope of this
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curve gives the value of » in the relation 7,oc ¥, The
value of n is here evidently uniquely dependent upon
the attenuation A,.

(d) We must, however, bear in mind the fact that
measurements quoted earlier in this paper are in
terms of dose rates (in mr/hr), or more precisely of
counts (N, per second) and not in energy flux per
cm?,  Our calculated spectra for I,; can be trans-
formed, if required, into spectra in terms of N,g by
multiplying I, by a factor »/E, where # is the
efficiency of the counter (see Fig. 5 and Sect. 4.2).

(¢) The areas under the new spectrum curves for Nyg
are then found and plotted as before. The resulting
curve for N, is not greatly different from that for
I, as can be seen from Fig. 18. The curve for N, only
applies strictly for our particular counter and for
Ay = 2 nepers (or 50 times) at 20 keV, but can be
taken without excessive approximation as representing
the general relationship between dose rate and A, or
Vo.

In the case of the Type “A” tubes tested we have a
“normal” absorber of high attenuation, the estimated
values (for 5 mm thickness) ranging from about 101°
at 14 keV to 10* at 20 keV and 102 at 25 keV. The
corresponding laws evaluated from Fig. 17 vary from
n = 28 for 20 kV to n ~ 17 for 25 kV. The experi-
mental figures are a little lower (n = 23 at 21 kV, to
14 at 25 kV, from Fig. 15), but show a similar fall
with increasing e.h.t., and the agreement is probably
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as good as could be expected in view of the lack of
exact knowledge of the effective thickness of the
glass; this latter is, incidentally, not the same for
photons coming from different points on the screen,
making an accurate estimate impractical.

The above theory also throws some light upon the
probability distribution of radiation from a batch of
tubes. We may reasonably assume that variation in
glass thickness ¢ is the main cause of variation in
radiation, and also that the distribution for  is normal.
We have log./, — log./; = —ut, and so we should
expect a normal distribution for log./,, with a stan-
dard deviation u times that for ¢. This should also
hold roughly for log N, since the spectrum is quite
narrow-band in our case. These assumptions are
borne out by Fig. 16 which indicates that the standard
deviation in ¢ is of the order of + 0-15 mm for the
particular batch tested.

If V, is the e.h.t. voltage at which a specified value
(¢.g. 0-5 mr/hr) of radiation occurs, we have log N, =
nlog.V, +constant. Thus log. ¥, (and not V,) should
show a roughly normal distribution with a standard
deviation of about u/n of that for . But the spread of
V. is so much smaller than that of N, that a histogram
for ¥, (as plotted by Ciuciura*) would not necessarily
appear noticeably unsymmetrical.

Manuscript first received by the Institution on 10th October
1960 and in final form on 22nd February 1961. (Paper No. 631.)
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Summary: The effect of short and longer term failure of valves and

components on the overall reliability of television and radio receivers is
considered. Some reasons for failures are reviewed and suggestions for
improvement are made. Extracts of statistical information on reliability
of relatively large batches of television receivers are presented. The
need for information on the predicted reliability of components of new
design is emphasized.

1. Introduction

Because it is much more complex than the radio
receiver, the television receiver is inherently less
reliable and, therefore, this paper, in the main, con-
centrates on the aspects of television reliability.
Nevertheless, many of the observations apply to the
radio receiver also.

The average television set has sixteen valves and an
assortment of some two hundred and fifty main
components, including approximately ninety resistors
and ninety capacitors, besides the cathode-ray tube.
Whilst this number of individual units contributing to
overall reliability (or lack of it) is nothing like as
formidable as that of, say, a computer, nevertheless a
high degree of individual valve and component quality
is called for if the complete television receiver is to
give an acceptable standard of reliability. This paper
reviews the standard of reliability at present being
achieved and the more frequent reasons for failure.

The information given is based on statistics ob-
tained through a quality control scheme concerned
with relatively large batches of receivers running in
typical field conditions.

2. Failure Rates

A useful yardstick, indicating the general reliability
of a television or radio set, is the number of failures
per year. Owing to the fact that the number of hours
run in any given period varies from household to
household, it will be realized that such a yardstick
will only be approximate. Over large batches of
receivers, however, a fair degree of accuracy is ob-
tained. It can be assumed that the average television
receiver runs twenty-five hours per week, or one hun-
dred hours per lunar month. Valve and component
failure rate can generally more suitably be stated as a
percentage failing in a given period.

tTechnical Director, Radio Rentals Ltd., Wembley.
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2.1. Early Failure

Figure 1 illustrates the failure rate on a monthly
basis for the first six months of life of a typical batch
of fairly modern television receivers. From this
figure it will be noted that the rate of failure in the
first month is nearly double that after three to four
months of use. This characteristic, which is typical of
most electronic equipment, is unfortunate because, of
course, the purchaser loses confidence when the new
television receiver fails soon after installation.

The contribution of faulty valves and components
to this overall failure rate curve is shown by the
broken lines in Fig. 1. The balance of the “failures™
or defects would be due to such items as misalignment,
faulty switch contacts, oscillator drift, soldering faults
and the like, which are not attributable to particular
component failure.

In order to bring about an improvement in the
initial reliability of television receivers, there is a
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Fig. 1. Failure rate curve for batch of television receivers during
first six months of life.
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Table 1 : Histogram showing relative failure rate, or defects occurring in the first year of life of

a batch of 230 typical receivers.
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field for further investigation on these early “catas-
trophic” failures in valves and components. Examples
of work in this direction with valve makers are
quoted later in the paper.

2.2. Longer Term Failures

Subsequent to the initial six-months period, the
receiver reliability curve settles to a level similar to
that at the sixth month, for some two years. After
this period longer term failures and defects begin to
show up. These are more associated with end of life
failures and mechanical items involving wear, such as
switches, volume controls and tuning devices.

The histogram of Table 1 depicts the relative failure
rate of components and valves, also other defects
occurring in the first year of a batch of two hundred
and thirty television receivers. The actual percentage
failure of the various items is shown in the right-hand
column of this figure. For the sake of simplicity,
unimportant items causing a few random failures,
have been omitted or grouped under “‘miscellaneous”
components. In the following section the “trouble-
some” items are considered in that order of priority.

3. Reliability of Individual Components and Valves

3.1. Tuners
3.1.1. Switches

For reasons of flexibility and best performance, the
turret type tuner has been preferred in modern
television receivers. It will be noted however from
the histogram that tuner switch contacts were, except
for oscillator realignment, the most frequent cause of
service calls. The contact arrangement used is now
well known, i.e. silver plated copper rivet heads as
moving contacts and bi-metallic silver and phosphor
bronze strip fixed spring contacts. Since these
switches are operating on v.h.f. up to 200 Mc/s, any
small changes in contact resistance or mechanical
alignment have a marked effect on tuner performance,
particularly insofar as the oscillator section is con-
cerned. It is particularly desirable to avoid the flow
of air, generally contaminated with dust, sulphurous
fumes, etc. over the contacts. The formation of silver
sulphide on the contacts causes high resistance con-
tacts to develop. Silver oxide formation is not so
important as it is not a bad conductor. On the other
hand, if the silver plating is not closely controlled and
the copper body of the contact head is not properly
covered with silver, the formation of copper oxide will
soon cause contact troubles.

3.1.2. Wafer switches

Earlier receivers which used the familiar wafer type
switches in incremental circuits were found to suffer
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from switch contact problems to a much higher degree
than the turret tuned receivers. One rather expensive
cure was the use of solid silver alloy spring contacts
and gold plating on the rotors instead of silver plated
contacts.

3.1.3. Oscillator stability

A relatively high degree of oscillator frequency
stability is called for in the television tuner. Short and
long term variations of the frequency, which necessi-
tate realignment of the oscillator inductance, are, it
will be noted, the major item for service calls on the
batch of receivers under consideration. These par-
ticular tuners were fitted with what is known as a
“fine tuner”, enabling the viewer to make minor
adjustments to oscillator frequency, but in 309} of the
receivers the variation exceeded the limits over which
the correction could be made. With the desirable
omission, for reasons of simple operation, of the fine
tuner, variation of the order of not more than 50
kc/s at, say, 50 Mc/s (1 part in 1000) over a tempera-
ture range of 50 deg C is required (or 1 part in 50 000
per deg C). Where temperature control and other
elaborate means are not economically possible, there
is an obvious field for improvement in design to
reduce existing variation—which may exceed 250 kc/s.

It is normally necessary to use compensating
ceramic capacitors to correct for changes in circuit
capacitance with temperature. However, it often
happens that the production tolerance on the tem-
perature coefficient of the capacitors is such that the
frequency drift is still outside the required limits. It
is, therefore, desirable in the tuner design to aim at
as near as possible overall zero temperature coefficient
in the oscillator circuitry without compensation.

In addition to the major items accounting for
oscillator frequency variation described above, there
can be various other longer term variations due to
valve and component changes with time.

3.2. Valves

Overall, faulty valves are usually the main reason
for service calls, since there are generally fifteen or
sixteen used per set, although the unit reliability may
not be excessively high. In the receivers considered
in Table 1, it will be seen that the particular valves in
question had a percentage annual failure varying
between 0-4% for EF80 and 18-39 for the ECC82.
“Double” valves PCC84, PCF80, PCL84, PCL82 and
ECC82 are generally less than half as reliable as
single valves—as will be apparent from the histo-
gram. '

The graphs given in Fig. 2 show the average failure
rate of two particular valve types compared with the
average overall valve reliability in receiver batches of
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total quantity of the order of 600. Following analysis
of faulty valves returned to the makers, improved
valves were made available for later receiver batches.
The degree of improvement resulting can be seen
from the broken line curves shown on the same
graphs. A comprehensive valve quality control
scheme of this nature is being operated with the
valve makers—with obviously worthwhile results.

2%

% -

AVERAGE

MONTHS

(a) PCF80 triode pentode.

Fig. 2. Average failure rate for two valve types compared
with the average overall valve reliability in a batch of 600
receivers.

3.3. Valre Pins and Sockets

A factor calling for a good deal of attention as set
life proceeds, particularly in r.f. and i.f. stages, is bad
contact between valve pins and sockets. The nickel
pins normally used on valves suffer during the heating
in manufacture and become oxidized. A test has been
conducted in collaboration with the manufacturer in
which the valve pins have been chemically cleaned
after processing. The nickel then remains bright at
normal temperatures and improved results have been
obtained in that reduced service calls for faulty
contacts have resulted.

In order to obtain overall improvement, it will be
necessary for the valve holder makers to study the
best plating finishes for the sockets.

3.4. I.F. Alignment

Table 1 shows that defects in i.f. alignment
accounted for 879 of service calls in the batch of
receivers under question—this is fairly typical. The
reasons for the misalignment have not generally been
isolated, but appear to be of a longer term nature
rather than short term and are probably associated
with changes in valves and components as life pro-
ceeds. There is an obvious field for study here. With
the coming of printed circuitry and frame grid valves,
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where circuit inductance and capacitance can be
closely controlled, it would appear desirable to
design fixed tuned i.f. stages—thus to avoid variations
associated with adjustable ferrite cores, etc.

3.5. Soldering and Wiring Faults

In the particular batch of receivers under con-
sideration, it will be noted that “bad soldering’* and

2%}

1%

AVERAGE

MONTHS

(b) ECC82 double triode.

“short circuit™ wiring faults between them accounted
for 14-39, of faulty reccivers. Related to individual
joints, of which there are several hundred per receiver,
the percentage would, of course, be much lower.
However, these faults, which have been with us
almost as long as the industry, are still very difficult to
eradicate completely—chiefly because of the problem
of discovering them in production inspection and test
—and are worthy of further detailed study.

3.6. Printed Panels

The receivers in question used mainly printed
circuitry and probably some 809, of the joints were
dip-soldered. [t is worth noting that, compared with
earlier receivers with conventional wiring, there was a
reduction of the order of two to one in the number of
soldering and wiring faults. Production inspection of
soldered joints on printed panels is found to be simpler
and this is probably one reason for the improvement.
Components are also now more closely inspected for
solderability of end-wires.

Problems associated with burning of printed panels
by overheated resistors were covered in an earlier
contribution by the authorf. Provided the pre-

1 “Printed circuit reliability and flammability’’, J.Brit.I.R.E.,
20, pp. 281--2, April 1960.
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cautions outlined in that note are taken, these very
undesirable conflagrations can be avoided.

It is not proposed in this paper to cover principles
of good practice in printed panel technique in other
respects.

3.7. Inflammable Impregnants

This is probably an appropriate point to refer to
the desirability of the component industry finding
alternative non-inflammable impregnants for such
components as capacitors, resistors and inductances.
Whilst complete receiver fires do not occur very fre-
quently, such occurrences are to be avoided at all
costs. Most of the instances where a complete
receiver has been burnt out can be traced to an
overheated resistor setting fire to molten wax. Some
connecting wire coverings are also sufficiently in-
flammable to carry the flames from one part of the
receiver to another. Once started, such a fire quickly
reaches the loudspeaker cone and wooden cabinet.

3.8. Potentiometers

There are normally seven or eight potentiometers
in a television receiver, all but one or two being of a
pre-set variety. The sound volume control is fre-
quently combined with the on/off mains switch both
in radio receivers and television receivers. This com-
ponent generally has the highest failure or defective
rate of the several potentiometers used in a receiver.

Apart from early failures, which are generally due
to faulty mechanical assembly, the major cause of
volume control failure is carbon track wear which
results in noisy and erratic operation. From time to
time troubles also develop in the mains switch ganged
to the volume control. These are mainly (a) weak
spring action and causing sluggish operation, which
results in burnt contacts, and (b) with double pole
switches breakdown of insulation due to narrow
clearances and conducting deposits.

3.9. Resistors
3.9.1. Carbon

On the whole, and from the histogram of Table 1,
it can be considered that carbon solid compound
resistors are of satisfactory reliability—provided they
are run well within the makers’ ratings. These com-
ponents frequently suffer consequential failure due to
short circuits occurring in valves, capacitors or other
components. As it was not practical to isolate them
in the records under consideration, both primary and
consequential failures are combined.

Because these resistors are moisture absorbent it is
necessary for them to be covered with a protective
coat. This is often a wax impregnant and whilst it
stabilizes the resistor characteristics, the associated
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fire risk is undesirable. Other coatings are available
but are generally more costly.

It will also be found that resistors run near maxi-
mum rating suffer changes in value over fairly long
periods, thus sometimes causing unsuspected changes
in receiver performance.

3.9.2. Wire wound

Table 1 shows a failure rate ten times higher for
wire wound than carbon resistors. This is fairly
typical. Because of their nature, these resistors are
inherently less reliable unless there is very close
quality control in production. In order to reduce size
and cost, extremely fine gauge (generally nickel-
chrome) wire is used on ceramic tubes. The making
of the end-connections is a critical process. The units
are generally coated overall in a binding cement or
enamel, vitreous enamel types being the most robust
but, unfortunately, also the most costly. Some of the
cheaper cement coatings, not often used nowadays,
could in the presence of humidity, cause acid action
on the fine wire—to the extent that it was severed.
This process could occur in storage over a few months,
i.e. before the resistor had been used! Most current
failures appear to be due to breaks in the windings,
the precise cause or causes not having been isolated.
Wire impurities and electro-chemical action are
probably the main causes.

3.10. Capacitors
3.10.1. Electrolytic

Of the various types of capacitor, the electrolytic is
the least reliable. There is generally a definite life
which is mainly associated with the drying-out of the
electrolyte. In normal use this spreads over some
three to five years. Earlier failures are generally the
result of poor quality control in production. Typical
instances are: (a) faulty riveting between electrode
connections and terminal lugs; (b) electrolyte seepage
due to faulty or blocked vents; (c) corrosive effects on
internal connections causing open circuits to develop.

3.10.2. Paper tubular

Provided its use is restricted to relatively low
impedance circuits the paper tubular capacitor has
reached a satisfactory standard of reliability. Most
failures result from moisture ingress and, like resistors,
this is a field where the protective coating plays an
essential part. The risks associated with wax coatings
have already been pointed out. There are nowadays
several alternative plastic and other coatings but the
author does not have statistics of their reliability at
the present time.

3.10.3. Ceramic

Ceramic tubular and disk type capacitors generally
have acceptable standards of reliability—provided the
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peculiar characteristics of these components are taken
into account in the receiver design. In particular, the
high temperature coefficients of the high permittivity
type capacitor should be borne in mind. Over normal
temperature ranges capacitance changes of the order
of 15 to 1 can occur. Some longer term changes in
capacitance associated with the silver coating on the
ceramic tubes have occasionally been noted. These
can be important in tuned circuits. Voltage breakdown
occasionally occurs, particularly in relatively cheap
and small size feed-through type capacitors.

3.10.4. Silver mica and other types

Silver mica capacitors have generally been found
to be most reliable. There are several relatively new
types of capacitor using alternative dielectrics such as
polystyrene and other films. The indications are that
the stability of these capacitors is good, but again the
author does not have large scale statistical informa-
tion on these components.

3.11. Inductors (Low Frequency)

Inductors of iron-cored or ferrite types have been
generally found to be of acceptable reliability standard
—with the possible exception of that critical com-
ponent the line output transformer. However, even
in the case of this component, over the past two or
three years, reliability has improved considerably.
Most breakdowns were due to insufficient attention
by the transformer designers to the simple require-
ments of high-voltage insulation, particularly of wire
coatings, and inter-layer insulation. Since these trans-
formers run with some 15 kV on the outside of the
high voltage windings, suitable anti-corona coatings
are essential. Many failures have occurred by corona
developing through pin-holes in the wax or other
“anti-corona tyres” used on these windings. Close
quality-control in production is essential.

Deflector coils are also critical components from
the point of view of using adequate wire insulation.
Peak voltages of the order of 2 kV can exist between
wires in fairly close proximity. The use of the newer

and thicker wire coatings has brought deflector coils
to a good standard of reliability.

Radio-frequency and i.f. inductors present no great
reliability problems. Secondary and longer term
variations in characteristics with temperature and
humidity can cause misalignment problems worthy
of future study. F.m. discriminator transformers are
particularly critical in this respect.

3.12. Loudspeakers

Most troubles associated with loudspeakers result
from insufficient clearances between the moving coil
and the magnet. Normally the designs are satisfactory
but close control in production is necessary in order
to maintain centrality between the coil and magnet.
With excessively close clearances, the effects of tem-
perature and humidity on the cones are, in service,
sufficient to cause slight warping and consequent
touching—with objectionable results to the listener!

3.13. Rectifiers

Owing to the generally greater reliability, metal
(selenium) mains rectifiers have been preferred to
valve rectifiers by the author. Provided due pre-
cautions are taken in regard to ambient temperatures
and cell voltages, these rectifiers can give a high degree
of reliability. After an initial and unimportant in-
crease in resistance over the first 500 hours, a steady
output may be obtained for several thousand hours.

The silicon rectifier owing to its much smaller size,
looks like eventually displacing the selenium type. At
present, however, the permissible back voltages of
single cells are barely adequate for normal 250 volt
a.c. mains use, bearing in mind the superimposed
random peaks which can, it is understood, reach 700
or 800 volts occasionally. The use of two cells in
series precludes these rectifiers on economic grounds
at present.

Germanium diodes, used as detection rectifiers,
have been found to give generally good reliability.

Manuscript received by the Institution on 20th October, 1960
(Paper No. 632).

DISCUSSION

Mr. D. H. Busby: The main factors contributing to the
reliability of a television receiver are:
(1) The number of components and valves
(2) The maximum dissipation and operating temperatures
(3) Adequate derating for valves and components
(4) Use of circuits tolerant of valve parameters.

The most reliable receiver tends to be the one which has
low operating temperatures, uses circuit design tolerant of
small changes in valve parameters, and has adequate

deratings for components and valves, even though this may
be done at the expense of more components.

406

When one considers the valve complement of a television
receiver it is most important to note that the most complex
part of the receiver tends to use double valves, for example
line and field sweep generators, synch. pulse generators,
video amplifiers and tuners. Thus a higher failure rate for
these valves may be expected because they are double
valves and because they may be used in circuits less
tolerant of changes in valve parameters.

Another feature contributing towards field loss in a
television receiver is a component failure which often
causes excessive valve dissipation. In some receivers for
instance if there is a failure in the line oscillator it will
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result in the line output valve being overloaded and quite
probably the final i.f. and video amplifier valves as well.
Under some circumstances the set may continue to be used
for sound only for some time.

The use of special quality valves is often suggested as a
method of reducing valve failure rates in service. Special
quality valves however are most often rugged valves which
are made mechanically strong and designed to withstand
high accelerations, they are not in general better from the
point of view of current and dissipation and therefore the
use of such valves in an entertainment receiver would not
reduce the incidence of valve failures from that point of
view.

An average valve failure rate of 0-3%, per month is a loss
of 3-6 %, per annum or 3-6 valves per hundred. If weassume
that on the average we have 15 valves in a television
receiver we see that the average failure rate is about one
valve per two receivers per year, or one valve every two
years per receiver. Taking into consideration the demands
made upon the valves employed in television receivers this
does not seem an unreasonably high failure rate.

Early or Short Term Failure Rates

Of recent years considerable work has been undertaken
on the investigation of short term failure and they have
been found to be mainly attributable to insulation faults or
welding faults. A small percentage of welding faults that
manage to pass the factory inspection subsequently can
come apart on heating and cooling cycles. Insulation
faults have always been a problem in valve making as they
are due to semi-conductive films being deposited across
micas and other insulating parts. The use of a more
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passive cathode nickel made possible by the more stringent
cleaning of components and less risk of contamination
during assembly, reduces the risk of barium being deposited
on the insulators during the valve life. Insulation faults
due to loose particles have been reduced by the adoption of
cleaner assembly processes. To reduce the handling and
hence the possibility of contamination some success has
been achieved with more automated jig assembly and
machine assembly of valves. Use of purer materials for
the heater/cathode insulation (alundum) has virtually
eliminated the possibility of heater-to-cathode shorts.
More rigid control of all processing procedures—such as
dimensions and tolerances of components has additionally
reduced the number of insulation failures.

The work described here has shown a really worthwhile
improvement and will no doubt continue to do so into the
future, although of course it becomes increasingly difficult
to eliminate the last 0-1% of failures for these reasons.

All this work is aimed at achieving a reduction in what is
already a reasonably low failure rate and the valve maker
is now in a position where his efforts are judged by
relatively small changes in an already low figure. It is thus
particularly interesting to have Mr. Heightman’s valuable
observations on the position as he finds it today compared
to that of some years ago.

Mr. Heightman (in reply): Mr. Busby’s interesting
contribution fairly explains the valve manufacturer’s
point of view and gives a good indication of the work
which has been done, and is being done, to improve
valve reliability.
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of current interest . . .

A Radio Telescope for D.S.L.R.

A fully-steerableradio telescope is to be built at a site
near Crowthorne, Berkshire, by the Ministry of Works
for the Radio Research Station of the Department of
Scientific and Industrial Research. It is expected to be
completed and in operation towards the end of 1963
at an estimated overall cost of £250,000 including
buildings, equipment and site services.

The radio telescope, which will have a parabolic
aerial about 80 ft in diameter, is needed for work in
the R.R.S. space research programme and to study
certain other aspects of radio science. It will have high
accuracy and a faster tracking speed than the 250 fi
radio telescope at Jodrell Bank, an essential require-
ment for following earth satellites and determining
orbital data. It will be used to receive weak signals
from distant space vehicles transmitting at ultra-high
frequencies.

In the field of radio astronomy, one application of
the telescope will be a study of radio noise from the
sun, including sudden increases in radio emission
which are related to disruption in short-wave com-
munications. Radio noise from planets is another
phenomenon which may be observed. The telescope
will also be generally valuable in extending investiga-
tions of the properties of the upper and lower atmo-
spheres which are important in both terrestrial and
space communications. This feature will assume even
greater significance in the next few years when
satellites for communications, as well as for research
purposes, are likely to come into use.

Trans-Atlantic Communications Satellite Tests

The British Post Office will co-operate with the U.S.
National Aeronautics and Space Administration and
the French Centre for Telecommunications Studies in
a programme for trans-Atlantic testing of com-
munications satellites. This is jointly announced by
the United States, France and the United Kingdom.

Ground stations are to be built in England and
France for the reception and transmission oftelephone,
telegraph and television signals across the Atlantic
using satellites to be launched by N.A.S.A. during
1962 and 1963 in Projects RELAY and REBOUND.
Stations will be equipped with advanced radio
facilities, having extremely accurate tracking and
antenna pointing qualities and capable of conducting
tests with active and passive satellites at high fre-
quencies and low power.

In Project RELAY, N.A.S.A.’s low altitude active
repeater programme the satellite to be launched in 1962
will weigh less than 100 pounds. In addition to
equipment for conducting the communications experi-
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ments, space-craft will contain instruments to detect
radiation damage and other effects of space conditions
on critical components. Project REBOUND follows up
N.A.S.A’s first passive reflector communication
satellite programme, EcHO. It involves placing
several rigidized inflated spheres in orbit by using a
single launch vehicle. The first launch to orbit three
spheres is scheduled to take place in 1963. RELAY and
REBOUND are research and development projects to
demonstrate feasibility, basic concepts and techno-
logical approaches and to evaluate various systems to
be employed in communications satellites.

To an extent permitted by orbital and other
technical considerations, it will be possible for other
countries so desiring to provide the necessary ground
facilities to participate in these co-operative experi-
ments. The British ground station will be at Goonhilly
Downs on the Lizard peninsula in Cornwall and will
cost about £500,000.

New Television Studios

The Elstree Studio Centre of Associated Television
Ltd. was opened recently by the Rt. Hon. Charles
Hill, P.C., M.P. This centre will house four studios
with a total floor area of 32 000 sq. ft., studio facilities,
technical facilities, workshop and administration

"block. The whole development occupies 340 000 sq. ft.

and cost £4,000,000.

The Centre makes use of transistor equipment
wherever possible on pulse generation and distribution
equipment for video and synchronous circuits and the
mixing controls. Much of the equipment has been
designed and built by the company’s technical
departments.

The vision mixer panel provides more facilities than
are usually available. The whole mixing operation
is effected by the use of germanium diodes and
provides inter-frame cutting, i.e. without deformation
of succeeding frame. The panel also provides a variety
of effects—superimposition, montage, etc.

Provision is made for video tape recording of
studio pictures. All the equipment is capable of
operation on three line standards: 405, 525 and 625,
and conversion from one standard to another can be
carried out.

Each studio is provided with five 4} in. image
orthicon cameras. All studio lamps are remotely
controlled carried on expandable telescopic supports
suspended from the lighting grid. This gives complete
freedom of movement in three dimensions and speeds
the rigging of lights. Sufficient power capacity has
been installed to cover the requirements of colour
television.
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Summary: A range of ferrite adjustable pot core assemblies suitable for

W. A. EVERDEN

use in laboratories and for the bulk production of stable inductor units is

described. General results on accelerated stability measurements are

given.

1. Introduction

When commencing the initial design work on the
pot core assemblies to be described in this paper, it
was appreciated that. many types of assembly were
readily available. Few of these, however, were con-
sidered to form a complete range designed to give
optimum performance when used in filter applications.
In addition, existing components did not exploit fully
the latest techniques and knowledge within the
ferrite industry which were required for modern
methods of coil production.

2. The Optimum Pot Core Shape

Neither the scope nor length of the paper allows a
complete discussion of the many parameters which
influence the introduction of such a range of com-
ponents. However, as the majority of pot cores used
are for applications below 100 kc/s, it was decided to
base the calculations leading to the establishment of
optimum core proportions on the following:

(@) The minimum ratio of d.c. resistance R, to
inductance L for a given effective permeability,
rationalized to be independent of volume.

(b) The maximum ratio of hysteresis volume to
overall volume consistent with (a).

These assumptions are justified if it is remembered
that for low level applications the hysteresis loss is
small and the residual core loss at the lower frequencies
is also small compared with that due to d.c. resistance
R,,. At such frequencies R, is usually equal to or
greater than 50 % of the total coil loss.

To maintain the requirements given under (a), the
ideal core proportions do not include a hole in the
centre core suitable for an adjusting mechanism,
although from calculations made the diameter is only
increased slightly by a hole of typical size. The respec-
tive proportions are shown in Fig. 1.

While the requirements under (b) indicate that
hysteresis loss is of secondary importance, it is prob-

1+ Mullard Ltd., Torrington Place, London, W.C.1.
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able that the larger cores will be used under conditions
of increased level making it desirable to increase the
hysteresis volume. A substantial increase can be
achieved at little expense to the low level performance
by increasing the centre core diameter from optimum
until R_,/L has increased by approximately 1 7.

= |
L]

N[ TN

CR

te— R —>

Without centre hole With typical centre hole

C 0-386 0-445

Fig. 1. Ratio of centre core diameter with and without hole

suitable for adjusting mechanism.

Using the above ideas to obtain optimum perform-
ance, proportions can be calculated which are general,
and any number of sizes within a range can be assumed.
If the outside diameter is treated as a basic parameter
the theoretical optimum height and internal configura-
tion may be calculated. Dimensions for the Vinkor
range are shown in Fig. 2.

3. Effective Permeability

The permeability of an assembly contributes much
to its final performance and it is essential that the
value be chosen with a complete knowledge of its
effect on other parameters. At low frequencies there
are advantages in making these values as high as
compatible with any temperature coefficient or
hysteresis requirements in order to obtain the lowest
ratio of resistance R, to inductance L.

expression for temperature
ﬂedll,-
wuidT
that the ultimate value is proportional to , since the

From the general

coefficient of inductance perdeg C it can be seen
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ﬁ lesd | |}
e F —

| [ B -

e A—— *l
Nomi-
nalsize Amm Bmm Cmm Dmm Emm Fmm

mm

14/9 14-0 11-6 96 3-6 36 6-1
16/10  16-0 132 10-2 66 36 6-8
18/11 18-0 15-1 11-2 7-4 46 80
21/13  21-5 18-0 13-6 8-8 4-6 9-7
25/16  25-4 21-4 16-0 10-4 5-4 11-4
30/18  29-5 24-3 18-8 12:2 54 13-8
35/23 355 292 22-8 14-8 54 16-3
45/29 450 372 29-2 19-0 54 20-3

Fig. 2. Dimensions for Vinkor range of pot core assemblies.

dy; .
term ;12—;:1'7‘ is independent of core shape and effective
i

permeability 4, and hence a constant for any given
material.

As polystyrene capacitors which have a temperature
coeflicient of approximately —60 to —200 parts in
106 per deg C, are normally associated with ferrites in
tuned circuits it is desirable that a range of effective
permeabilities be chosen so that the composite
temperature coefficient approaches zero.

Using ferrites from the Mn Zn group, examples of
which are shown in Table 1, this requirement is not
always compatible with keeping the core loss to a
minimum. However, a logarithmic series enables the
coil designer to obtain either high Q or a lower value
of temperature coefficient dependent upon his applica-
tion.

3.1. Choice of Effective Permeability

The series chosen gives primary standards of 160,
100, 63, 40 and 25 in which the increments are
sufficiently small to provide a range of temperature
coeflicients which cannot economically be improved
by intermediate values of permeability.

Actual values of effective permeability are main-
tained within close limits by mechanically introducing
a small air-gap into the cores and controlling the
resultant value of turns/mH—o. Hence the designer
may calculate the number of turns required for a
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given inductance, and then wind to this number of
turns with the knowledge that the inductance will be
within the stated accuracy, which in most cases is
better than + 3%,

4. Adjusting Mechanism

A review of the various forms of adjusting mecha-
nisms available will indicate that a great deal of
thought has been given to this subject.!* ' > However,
most of the forms in common use do not constitute
the ideal mechanism and usually suffer from one or
more of the following imperfections:

(1) Non-linearity of adjustment.

(2) Coarse adjustment.

(3) Non-cyclic instability.

(4) Local high induction resulting in increased
losses.

(5) Difficulties of manufacture.

Most of these difficulties are overcome by using a
method of shunting the air-gap, the most satisfactory
results being obtained with a ferromagnetic slug
moving axially and partially filling the hole in the
centre core.

Table 1

(a) General Material Properties of the two grades of
Manganese Zinc Ferrite used for the Pot Cores.

Limit values

Conditions - - — — —
Property of test Frequency range Frequency range
00 ke/s 100 ke/s~2 Mc/s
Initial Permeability p; . < 0-5 gauss = 1150 600
Temperature Factor d:‘—'v- << 0-5 gauss <2 x 10t 2:5 x 10-*
mdT deg-' C deg~' C
Curie Point . = 0-5 gauss = 150°C 150° C
Hysteresis Cr 4 ke/s . < 20gauss < 097 10-¢ 1-16 x 10-¢
100 ke/s
Magnetic Induction . . H = 100e > 3400 gauss —
D.C. Resistivity 3 3 — =>20Qcem 150 2 em
Loss Factor (a‘%s
4 ke/s 3 <25 x 10-¢
30 ke/s . < 0-5 gauss <60 x 10-¢
100 kc/s 5 10 x 10-°
500 ke/s 14 x 10-¢
1000 ke/s 32 x 10~
Disaccommodation . a — <25% <25%

All values refer to measurements on standard toroids at 20°C + 5°C

(b) Typical Values of Mechanical Properties

Specific gravity 4-8
Tensile strength 2600 Ib/in?
Crushing strength 10 000 Ib/in*

24 x 10% Ib/in®

10 x 10-¢deg-*C
0-008 cal/s/cm deg~! C
0-17 cal/gm deg~' C

Young's modulus

Coeflicient of linear expansion
Thermal conductivity

Specific heat
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HIGH STABILITY FERRITE POT CORES

'} T ALKATHENE INJECTION:

L o MOULDED ADJUSTER
£ -

" FERRITE TUBE

T FERRITE CORE

N STUD CEMENTED INTO POSITION

Fig. 3. Sectionalized view of adjusting mechanism.

Figure 3 shows the general form chosen. The
central stud accurately locates the mechanism whilst
the five ribs around the periphery eliminate possible
wobble and the resultant non-linearity of adjustment.
The fine thread form allows a setting accuracy of
better than 0029, to be obtained whilst the complete
adjusting mechanism is substantially contained within
the external dimensions of the cup cores and is com-
pletely independent of any additional clamping
arrangements.

4.1. Range of Adjustment

The stability of a complete inductor may be
influenced by the amount of adjustment which should
therefore be kept to a minimum consistent with the
overall requirements of filter construction. A range of
approximately 149 irrespective of effective perme-
ability is considered adequate, made up as follows:
+ 3 9%, or 6% variation for the cancellation of spread in
effective permeability of cores, + 2%, or 4% for capaci-
tor tolerances, and approximately +29; or 4% varia-
tion for final trimming of the complete network. Two
sets of typical adjusting curves are shown in Fig. 4.

5. Housings

An exploded view of a typical housing suitable for
either bulk production or Laboratory use is shown in
Fig. 5. This type of unit has been designed to over-

20 -
| [res100 T __pes83
{ - $-""He= 160
| 2
{
Lo, ‘
10— — e - =
NOMINAL
. MID-RANGES
l 1
0 1 I I 1
4 6 8 10
TURNS OF ADJUSTER ANTI-CLOCKWISE FROM FULLY IN POSITION
(a)
20 T T
e 100
by

NOMINAL
MID-RANGES

10 12 14 16 18 20

TURNS OF ADJUSTER ANTI-CLOCKWISE FROM FULLY IN POSITION
®)

Fig. 4. Typical adjustment curves
(a) 18 mm Vinkors
(b) 35 mm Vinkors

come many of the disadvantages of previous assemblies
and includes such features as the conical spring
washer, which when depressed by the fixing bush,
applies a predetermined pressure to the cup cores and
holds them firmly together without the additional use
of an adhesive. The accessibility of the adjusting
mechanism makes the assembly equally suitable for
impregnation or resin casting prior to a final adjusting
operation.

NUT FIXING CONICAL SPRING FERROXCUBE FERROXCUBE TAG
| BUSH WASHER cupP CORE CUP CORE PLATE
[ ‘ | \

| | "
. N\ B
Bo [
\ | / *
(4
& . v
COIL FORMER
S/'Zlgt:( lngi Lgf,ﬂgc ADJUSTER  51NGLE OR MULTI-SECTION CONTAINER

Fig. 5. Exploded view showing complete housing.
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6. Evaluation of the Design 7. Thermal Stability

The practicable realization of such a range of The tests carried out were designed to investigate
components produces many difficulties not the least the inductance stability of such components when
of which are the tight mechanical limits required on subjected to daily temperature cycling. Random
the individual cup cores. Ferrites with their inherent production samples of 25 mm pot cores with effective
high shrinkage during manufacture make it necessary permeabilities of 100, were selected for these measure-
to inspect 100 % of cores, while for maximum linearity ments.
of adjustment, it is essential to ream the centre hole of

: AR S S The coils were designed from the information given
a pair of cups to maintain the cylindrical tolerances.

in Table 2 and after assembly, were adjusted to give

Production-built filters have proved that the their design value of inductance. Vacuum impregna-
features described have been achieved in the Vinkor tion was carried out on two-thirds of the coils,
series. Filter coils have been wound and adjusted in  Okerin 561 wax (m.p. 83° C) being used for the
approximately one-third of the time taken for an assemblies with Ralsin (low water absorption nylon)
equivalent coil on the older fixed type of assembly. coil formers. For those with polystyrene coil formers
The bulk of the saving is in the reduction of operator’s  Okerin 4148 wax (m.p. 75° C) was employed. In the
time when adjusting the final value of inductance. remaining dry assemblies the coil formers were fixed

Table 2(a)
Electrical and Magnetic Data for Pot Cores suitable for use up to frequencies of 200 kc/s

Nominal | Hysteresis | Temperature

A Approx. .l Factor | Coefficient |
diameter Typical values of tand, , o A A
{requency + measured | of inductance | ue without
a‘;g;gﬁy He & rl;(mlge at ;_kcls over 20—5?0‘C] ;djuster /A T4 Vet Lew Aeft
(ke/s) H (parts in
(mm) | 30 kc/s 100 kc/s | (maximum) per deg C)
160| 525 | Upto 100 0576 x 10-* | 1104 x 103 35-8 010320 146-5 3".,‘ [
18 100 664 | Upto 100 | 0-:360 < 10-% 0-690 x 103 17-7 0to 200 90:0 + 3%/ 5:6cm-' 12:6cm~* 11 cm® | 2-48 cm | 0-44 cm?®
631 836 | Upto200 | 0-226 x 103 | 0-435 x 10~ 8-84 l 0to 126 580 + 2% | |
-— | —_ — —|— 2 — — —| 1 |
160 | 46-1 Up to 70 0-590 10-* | 1-120 1073 | 25-1 0to 320 149-5 30’". ' !
21 100| 583 { Upto70 | 0-370 x 10~% | 0-700 x 10-3 12-4 | 0to200 89-4 + 3%|4-25cm-? 5-87 cm"' 2-22 cm? 307 cm | 0-72 cm?®
63 73-4  Upto200 | 0-233 x 1073 | 0-440 » 10 62 0to 126 590 + 29%
i e - - N |
160| 42:5 | Upto40 | 0-600 < 10-3 | 1230 < 10-* 19-6 010 320 1465 -+ 3%
25 100| 53-8  Upto70 0-375 10-* 0-770 103 9.7 0 to 200 90-3 3% 3:64cm-? 3-64 cm~? 3-64 cm?® 3-64 cm | 1-00 cm?
63| 678 | Upto200 0-236 < 10* 0-485 x 10-* 4-85 0to 126 59:0 + 2%
160| 375 | Upto30 | 0800 x 10° 1760  10-° | 1475 010320 (1483 + 3% '
30 100| 475 | Upto70 | 0-500 x 10-% | 1-100 < [0-? 73 0 to 200 900 + 39 2-82cm~! 1-85cm? 6-57cm?[ 4-31 cm | 1:53 cm?
63| 598 | Upto200 | 0315 x 10-* | 0-693 « 10-? | 3-65 0to 126 595 + 2% |
{160| 34-3 | Upto20 | 0-880 x 103 | 2-048 x 10-* 1092 | 0to 320 [150-4 %l I i
35 100| 43-4 | Upto 50 | 0-550 % 10-%  1-280 x ]0* 5-4 010 200 89-7 + 3%[2-35cm™! 1:06 cm~2/ 11-7cm?| §5:25cm | 2-23 cm?
63 54:7 | Up1o200 0-346 < 10-*  0-850 < 103 2-7 0to 126 60-1 + 2%/
Table 2(b)

Electrical and Magnetic Data for Pot Cores suitable for use over the frequency range 100 ke/s—3 Mc/s

|
H |
Nominal | Hysteresis | Temperature

H Approx. P Factor Coefticient
diameter Limit values of tan? . :
frequency r+e measured  of inductance ' pue without
aggecrg{ﬁy [0 ® range at 100 ke/s | over 20-50 ‘C ;djuster 4 T4t Vet Lew Aot
(kc/s) Fu (parts in 10
(mm) 100 kc/s 1000 kc/s (maximum) per deg C)
— | < . = = —
63 | 836 | Upto 700 0-55 103 175 i0- 89 0to 158 58 4 29% |
18 | 40 105 | Upto 2000 | 0-35 x 10 -1 102 4-5 0to 100 359 £ 2% S56cm'|{12:6cm? I-lcm? | 2-48cm  0-44 cm?
25 142 | Up to 3000 0-23 x 10°*  0-71 103 23 0to 625 22-1 3% 1 | |
63| 734 Upto2000 055 < 10 175 » 102 62 00158 59 + 2%
21 40 | 920 Upto 2000 0-35 10°* 11 102 32 0 to 100 359 4 2% 425cm ' 5-87cm~? 2:22cm® 3:07cm | 0-72cm?
25 /123:0 Upto 3000 0-22 x 10 | 0-71 10-3 1-6 0to 625 226 + 3%
i 63 | 678 Upto 700 0-55 103 1-75 103 4-9 Oto 158 59 + 2%
25 40 | 851 Upto 1200 0-35 107 | 11 10 23%) 0to 100 357 + 2% 3-64cm ' 3-64cm~? 3:64 cm® 3-64cm | 1-00 cm®

25 | 1150 Up 1o 3000 0-23 x 107 | 0-71 10-* 13 0to 625 | 221 + 3%
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Note: Coil former materials are polystyrene (DT 2083) or nylon (DT 2010).

to one half of the core with an epoxy type resin.

The cores were cycled between 25° C and 70° C
each day, and allowed to return to 25" C overnight
ready for the following day’s cycle. During weekends
the temperature remained constant at 25° C. Induc-
tance measurements were made at the same times,
twice daily, the flux density in the centre core of each
assembly being kept well below 5 gauss.

The results of these measurements are shown
graphically in Fig. 6. The 25° C curves show clearly
the now familiar thermal disaccommodation effect of

May 1961

the core material which arises when there is a sudden
change in the rhythm of cycling. In general the curves
show no apparent instability which can be attributed
to the housing arrangement or adjusting mechanism.

8. Stability when Subjected to Vibration

A set of 25 mm pot cores similar to those used in
the thermal stability measurements were subjected to
varying modes of vibration. All coils used were first
bonded to one half of the ferrite and wax impregnated
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Fig. 7. Stability when subjected to vibration.

to reduce any effects due to turns slipping during the
measurements.

Initial tests were carried out in accordance with
B.S. 2011. The general result was that the inductance
had increased by less than 0-01% indicating a high
degree of mechanical stability.

A second series of tests (details shown in Fig. 7)
were made on the same assemblies after having dis-
disturbed the adjuster each time, to simulate initial
adjustment conditions. The assemblies were divided
into three groups and mounted on the working
platform of an electromagnetic vibrator in the
manner shown below, and vibrated with a sinusoidal
motion:

(1) Axis perpendicular to direction of vibration.

(2) Axis parallel to direction of vibration (tag plate

facing down).

(3) Axis parallel to direction of vibration (tag

plate uppermost).

The results of these measurements are shown
graphically in Fig. 7 and also indicate a similar
degree of stability, A resonance search did not reveal
any frequency at which the assemblies or adjuster
mechanism resonated.
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11. List of Symbols

H, Effective permeability of a gapped core.
Ui Initial permeability.
o Number of turns for one millihenry.
tan 6., Residual plus eddy current dissipation
factor.
(tan d)/u; Total loss factor.
R, D.c. resistance of winding.
L Inductance in henries unless otherwise
stated.
0 Quality factor.
H Magnetizing force in oersteds.
A, Effective cgge area = g%—cm2
I Effective core magnetic path length
(Zl/4)?
= (1 4?) cm.
I A\3
Vv, Ef’fe?tive core volume = ((;:[[':2))2 cm?
Cross-sectional area of magnetic core in
cm?,
/ Length of flux path in cm.
F, Hysteresis factor.
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An Experimental Magnetic
“Talking Book > Machine

By

Summary: A slow speed (1] in/s) magnetic tape reproducer is described

which uses endless loop cassettes in the form of magazines, inserted

C. W. ROSS

(Associate Member) 1

in a slot in the machine case. The playing time is 96 minutes using four
tracks on } in. tape. Two-sided tape may be used. The machine is
primarily intended for use by blind people and simplicity of operation has

been emphasized. This particular machine was designed to reproduce
speech only, and the tape transport mechanism and magazine construction
are very straightforward and easily manufactured. Methods of producing
the loop copies are discussed.

1. Introduction

Although there are now a great many magnetic
tape recorders on the market, few manufacturers have
produced so far a semi-automatic machine using
cassettes of magnetic tape where the actual handling
of the tape by hand is not required. Probably the
simplest concept of such a device would be a flat
square cassette, somewhat similar to a small book,
which could be pushed into a*‘letterbox’’ openingin the
machine case.

For sightless persons, for instance, simplicity of
operation is essential, and in the past disc records have
been used because of their ease of handling when used
with specially adapted record players. The records are
fairly bulky, however, and have a comparatively short
life compared with magnetic tape which can be en-
tirely handled by the machine during its useful life.

Another aspect to be borne in mind when con-
sidering “talking books” is the complexity of the copy-
making apparatus which governs the time taken to
make a batch of copies. Should a two-spool system
be chosen, re-winding all the copies of the “book”
periodically prior to re-issue must be taken into
account. Re-recording can possibly be simplified by
placing the master recording in reverse and “dubbing”
in that manner to produce ready re-wound copies to
be played in the usual manner. Also, the tape may be
made with a very large number of tracks recorded
upon it, but such a system, although attractive at first
sight, can be costly and cumbersome.

The alternative to the twin spool device is the
endless loop cassette T which is a single spool of special
dry-lubricated tape, where the inner portion is pulled
out and joined to the outermost strip, thus forming
in effect a very long loop of tape. No driving

+ Kelvin & Hughes Ltd., Hillington, Glasgow, S.W.2.

+ B. A. Cousino and R. E. Cousino, ““A continuous loop
magnetic tape cartridge”. J. Audio Engng Soc., 6, pp. 49-57,
January 1958.
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mechanism is then needed for the cassette reel, only a
simple capstan and roller drive for the portion of the
tape between the centre and the outside of the reel

(Fig. 1).

Y

TAPE REEL SUPPORTED
BY SPECIAL FLANGE
AND HUB

DRIVING
ROLLERS

. ¥~ MAGNETIC HEAD

Fig. 1. Endless loop system.

Up to four tracks have been found satisfactory with
the standard } in. width tape. There is, however, a
maximum limit to the length of tape which can be
used in this manner, unlike the twin spool system, of
the order of 500 ft. Both sides of the tape may be
recorded, subject to certain conditions which will be
described later. The velocity of the tape may be
reduced to a minimum, say, 12 in/s, for a frequency
response to cover the speech spectrum satisfactorily.
This would give a total playing time per cassette of
around 14 hours, but a great deal of further develop-
ment work will be required in the design of tape and
cassette, and recording apparatus to achieve this aim.
So far only one side of the tape has been used and
the velocity is higher, 1% in/s, and the cassette is a
225 ft version. These factors therefore reduce the
total playing time to around 96 minutes.

The apparatus for making the copies is fairly
straightforward and the process is not unduly time-
consuming.
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2. The Basic Requirements
2.1. Playing Time

Allowing for the characteristics of the magnetic
tape available for use in an endless loop cassette of
small size, the period chosen was a total playing time
of between two and six hours, or more if possible.
The machine became known as the *‘talking book” but
it was suggested that the contents of the**book”’ should
be of magazine nature as a preliminary step. With a
view to starting a pilot scheme the subjects first
chosen for the pre-recorded tape would be local news,
short stories and items of general interest.

The tapes would then be recorded, at set periods at a
“‘central tape library” on special machines built to
handle perhaps ten cassettes at a time, and the
recordings produced at four times the reproducer
speed at least.

The playing time is obviously dependent on the
length of tape available and the tape velocity. Since
the highest frequency which can be reproduced is a
direct function of the tape speed for a given head and
tape, the latter is thus fixed by the frequency response
considered desirable. This can only be assessed on a
subjective basis, being a compromise between in-
telligibility and listener fatigue. Generally the more
pleasant the sound the longer it can be tolerated.

2.2. Frequency Response

It was found that a band coverage from 250 ¢/s to
3500 c/s was the minimum for listening for long
periods without undue fatigue. The magnetic head
on the reproducer is a four-channel type having high
resolution, the effective magnetic gap length being
about 0-0002 in. When such a multi-channel head is
used, crosstalk is an important factor, and a crosstalk
ratio of 30 dB was established as sufficient for
speech. Use was made of the loudspeaker resonance
to improve the lower part of the reproduced speech
spectrum. The replay amplifier was not equalized
but the recording contained the necessary boost at
high frequencies to maintain a reasonable response on
replay up to 3500-4000 c/s.

2.3. Tape Velocity

Partly due to the characteristics of the tape the
frequency response was too limited at ¢ in/s for
comfortable listening for long periods and 1-4 in/s
was tried. This was found satisfactory, but it is of
course a non-standard velocity. The machine was
run at 1} in/s thereafter and the performance was very
good.

There are two cassettes which could be used with
this machine, a 500 ft cassette and a 225 ft version. At
present, the 225 ft type only is readily available in
this country and therefore the machine illustrated
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used this type. This gives the total playing time at the
velocity finally chosen of 96 minutes.

The cassette uses a dry-lubricated double-coated
tape of the standard } in. width and the time quoted is
for one side of the tape recorded. Provided the long
wavelengths are limited to about 0-005 in. maximum,
the tape can be continuously recorded on both coated
sides, doubling the playing time to 192 minutes per
cassette. To do this the loop is cut at the join and
reverse spliced to bring each side alternately past the
magnetic head (their configuration is known as a
“Mobius loop”). The crosstalk due to this arrange-
ment is proportional to the wavelength existing on the
tape, and taking into consideration the variation in
sensitivity of the ear to sounds of differing frequencies
but similar intensity,t the figure of 0-005 in. maxi-
mum wavelength was found acceptable. At this level
the output did not produce any worse effects than the
crosstalk already existing in the head due to the close
proximity of the magnetic circuits,

An alternative course would be for a single channel
head to be moved mechanically across the width of
the tape to overcome the crosstalk within the present
head.

3. General Description

Figure 2 shows the form of the prototype machine.
This uses valves and a mains-operated motor. The
magazine or ‘‘cassette” is also shown. Figurc 3 is a
view of the rear of the machine with the cover removed,
in which the magazine is shown in position.

To operate the machine, the magazine is pushed
home and clicks into place, where it is retained by the
clip lever visible just above the aperture which takes
the magazine. This operates a micro-switch in the

Fig. 2. General view of the machine.

tH. Fletcher and W. A. Munson, *‘ Loudness, its definition,
measurement and calculation ** Bell Syst. Tech. J., 12, No. 4,
p. 377-430, October 1933.
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Fig. 3. Rear view of the mactine.

motor circuit and the machine starts normally. The
pressure roller and capstan are brought into contact
by this operation and the “auto-brake” on the tape is
released by the movement of the pressure roller arm.
This can be seen clearly in Fig. 4 which shows the
magazine with its cover removed.

The tape registration is governed by the guide pre-
ceding the magnetic head and the flanged pressure
roller which is attached to the spring-loaded brake
arm. There are two apertures at the end of the
cassette, one for the head—3 in. x } in.—and the other
to accommodate the partial entry of the capstan
#in.x g in.

The capstan is directly driven through a gear train
from a small split-phase 6V induction motor supplied
from the heater winding on the transformer. At first
glance the prospect of direct gear drive would appear
to lead to poor replay quality, but by using a skewed
rotor and fibre gears, tooth flutter, etc. is hardly
noticeable at all on speech. This system provides a
really reliable drive of long life, without maintenance,

Fig. 4. Cassette removed from its case.

whereas the rubber-tyred reduction drive with fly-
wheel is rather cumbersome for this type of machine
and requires periodical maintenance.

The machine is stopped by lifting the clip lever
which releases the cassette or magazine from the
drive, and the brake is applied inside the magazine.
Operation of the machine therefore is very simple,
merely pushing the magazine home to start and press-
ing the clip to stop the machine. There are two
controls. shown at the sides of the machine, respec-
tively for channel selection and volume. The usual
procedure when operating the machine is to select the
next channel after each convolution of the tape to
provide one long programme. Alternatively, any
channel may be selected at any time if there are
separate items of interest or one channel can be
repeated continuously, etc.  Admittedly channel
selection could be made fully automatic, but the slight
advantage gained thereby hardly justifies the con-
siderable added complication. Below the volume
control there is an output socket for headphones.

Fig. 5. Circuit diagram of the amplifier.
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The four-section, in-line magnetic head O .0

mH per section) is transformer coupled to a
two-stage high gain amplifier shown in Fig. 5.
The high gain of a resistance-capacitance

o

coupled 6BR8 triode-pentode is utilized to
bring the signal voltage at the transformer
secondary up to a value large enough to
drive a parallel-connected 12AT7 double-
triode acting as an output stage to feed the
loudspeaker. Overall gain is controlled by
varying the feedback from the output trans-
former secondary, by means of the 250 Q
potentiometer shown. This arrangement en-
sures that the output of the machine cannot

'
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RELATIVE RESPONSE, dB
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be reduced to zero. Therefore the machine
is unlikely to be left running unnoticed with
volume control at minimum. The amplifier
is fully loaded with 4 mV on the first stage
control grid, and the maximum output is 200 mW
into a 4 in.x7 in. elliptical speaker with a 10 500
gauss magnet which gives a high acoustic level for
200 mW electrical power output. The static response
of the amplifier for two conditions is shown in Fig.
6; the response includes the magnetic head and trans-
former combination and the signal was injected by
inserting a l-ohm resistor in the head circuit. The
response is shown for two conditions, zero negative
feedback and 10 dB negative feedback. Figure 7
shows the input/output curves of the amplifier for the
two conditions specified, and the start of the non-
linearity shows clearly the overload point of the output
stage.

The power supply for the amplifier is derived from
a small “C” core mains transformer which has the
advantage of a fairly low external 50 ¢/s field, reducing
hum pick-up in the multi-section head. Small metal
rectifiers connected ““push—-pull” and smoothed by an
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Fig. 7. Input/output curves for “talking book™ amplifier.
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Fig. 6. Static frequency response of “talking book’ amplifier
injecting across 1 Q resistor in series with head.

R-C filter supply the h.t. at 300V to the amplificr
stages.

The final drive speed to the capstan is 68 rev/min
and the period taken from “‘switch on” to full speed is
quite short due to the drive system presenting a very
light load to the motor. This ensures that the pos-
sibility of a word being missed during starting or
stopping time is remote.

All the recorded tapes that were used with the
machine during its development were actually re-
corded on the same machine. Therefore the flutter
and wow on replay was at worst the sum of the
record and replay irregularities in speed, and as
previously mentioned was hardly noticed on speech.
There should be less flutter and wow in a complete
system where the tapes are recorded on a more con-
ventional drive running at some multiple of the replay
machine.

The complete prototype was presented for test to
various blind persons, and their comments were most
favourable. The only criticism made was that the clip

RELATIVE RESPONSE, dB

| 100 1000 4000

f c/s

Fig. 8. Overall response of recording and reproducing system
using external record amplifier with pre-emphasis. (Tape speed
1% in./s.)
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lever could be extended each side so as to form a“‘bar”
across the top of the “letterbox” aperture rather than
the central version, shown in the photographs. This
would enable the lever to be located and operated
more easily.

The overall frequency response of the system using
an external record amplifier with the usual boost at
high frequencies is shown in Fig. 8. This represents
the performance electrically from the input of the
microphone to the output at the loudspeaker ter-
minals of the reproducer.

The average book takes about 16 hours of con-
tinuous speech, reading at normal speed, and this can
be accommodated in five magnetic tape magazines
using both sides of the tape and limiting the wave-
length as suggested. This could be reduced to two
cassettes of improved design (500 ft capacity).

The weight of the prototype magazine of aluminium
construction was 0-6 Ib. This figure could be reduced
by using a moulded plastic (styrene, etc.) case for the
magazine, or one of glass fibre construction giving
high strength and low weight. The prototype repro-
ducer illustrated measured 5} in.x 7% in. x 8% in. and
being a mains-operated type, weighed 8 Ib. A transis-
torized version was also developed, using a four-
stage amplifier for driving lightweight headphones.
This version was, of course, smaller and lighter. The
case measured 4} in.x 5 in.x 6} in., and an extra
micro-switch was incorporated in the battery circuit
so that the amplifier was brought into operation only
when the magazine was pushed into position.

The apertures in the end of the magazine are small
enough to prevent curious fingers pulling the tape out
of position and damaging it, and in a magazine-
loaded device of this nature the tape must be pro-
tected as much as possible. The internal brake lever
prevents dislocation of the tape due to rough handling,
etc.

4. Production of Multi-track Loop Copies

The original recorded material could be in the form
of an edited single track master, recorded at any con-
venient tape speed. This is then replayed and the
signal fed to a multi-channel machine which will
record a multi-channel master at “book speed” (i.e.
the speed of the ‘“talking book™ playback machine).

This second master can be in two spool, or endless
loop cassette form, the latter probably being the most
convenient. This is then played back at a fixed
multiple (say 4) of “book speed” by a machine using
multiple replay amplifiers, simultaneously, their out-
puts being fed to the final copy-making machine also
running at the same speed. This machine would have
multiple record amplifiers which are designed to cover
increased signal frequencies due to this higher tape
speed. The system can probably be more easily

May 1961

: 1D
. r |
4 CHANNEL N ! 4 CHANNEL
REPLAY r— .—3 N RECORD
TwO SPEED | A TWO SPEED
L] |

PRI, Vi A —

Fig. 9. Block diagram of method of producing toop copies.

visualized by examination of the block diagram shown
in Fig. 9. As a final refinement the copy-making
machine could be made to handle several cassettes at
once, as suggested earlier.

The minimum amount of equipment would there-
fore be two machines, A and B. Machine A is a four-
channel two-speed reproducer only, whilst B is a
four-channel record only machine, again having two
speeds like the reproducer, for instance 1% in/s and
7% in/s.

The edited master in single channel form is first
played at its correct speed on machine A, one channel
only being used and its output fed via a channel
selector switch to machine B running at ““book speed”
(e.g. 1§ in/s). The original master should have four
parts whose running time approximately equals the
time taken for the cassette to complete one cycle, so
that at the end of each cycle the channel selector
switch is operated. The fully recorded four-channel
endless loop master thus made is then transferred to
machine A, the channel switch moved to the “straight
through” position, and the speed switches on both
machines turned to 7% in/s. (It is assumed that the
speed switches on the machines also alter the amplifier
characteristics to suit the relevant speed.) In this way
the copy cassette is recorded in one cycle and the time
taken thereafter to produce each copy would be of the
order of six minutes per copy. The recording machine
B could be designed to take a number of cassettes at
one time. Alternatively a number of identical machines
may be used with their inputs paralleled which is the
system commonly used for producing pre-recorded
tapes.
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News from

Montreal Section

On 22nd February last, the Section held a meeting
in the McConnell Engineering Building of McGill
University at which a paper on “Thermo-Electricity”
was read by Mr. J. Keane.

The history of the phenomenon was first discussed,
leading up to the important Seebeck and Peltier
equations. The latest developments arose from Ioffe’s
work in Russia, in which he synthesized calculations
of thermo-electrical problems. Mr. Keane then dis-
cussed the significance of the Z-quality factor and its
relationship to the basic thermo-electric equation.
Data were presented in the form of curves showing Ar
versus current and also At versus QC, and examples
were given of their application to design. Future uses
of thermo-electric elements were discussed and several
demonstrations were given.

K. N. C.

North Western Section

The Section held its fourth meeting of the session at
the Manchester College of Science and Technology on
2nd February when Mr. P. Funnell of the Mullard
Simonstone Works discussed “The Manufacture of
Television Tubes”.

Mr. Funnell gave a brief history of the development
of the television tube including its design and the
methods of manufacture. He divided the periods of
advances in technique into three main phases:

1946-54—The introduction of larger rectangular
tubes,

1954-58—Mechanization when new factories were
built which were solely concerned with
television tube production, and

1958-60—Introduction of the 110 degree tube.

Some of the more important advances which
occurred in the stages of development were then
reviewed. Stage 1 was, said Mr. Funnell, primarily
concerned with the development of pressed glass
techniques and the tetrode electron gun. Stage 2
brought in advances in manufacturing techniques, a
typical example being improvements in the deposition
of the fluorescent screen. One of the biggest changes
was the introduction of aluminizing as a mass pro-
duction process.

With the introduction of the 110 degree tube, stage 3
was concerned with overcoming the design problems
which included:

(a) The design of bulbs to avoid “corner cutting”,

(b) A new electron gun and modified processing
equipment following the advent of the smaller neck.

(c) Special aluminizing technique to avoid the
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*““dark centre™ on the screen and “*damping” effect on
deflection coils. (A demonstration of this effect was
given.)

(d) Cleanliness and accurate spacing of gun parts to
avoid the dangers of “‘flash over”.

Finally, Mr. Funnell discussed the latest type of
tube, namely the 19 in, where the major and minor
axes are slightly bigger than the 17 in, but the corners
are squarer. There is greater electron beam deflection
in the corners and the neck/cone area is shaped on the
inside so that a section of the glass tends to be
rectangular. F.1.G.P.

West Midlands Section

At a well-attended meeting held at Wolverhampton
on I5th February, Mr. R. Wooldridge read a
paper on “ Computers and Mathematics’’. His
theme was that, with the increasing use of computers,
engineers required a knowledge of several mathe-
matical techniques which at present are not included
in most engineering syllabuses: as an example of this,
binary arithmetic was quoted.

The evaluation of a polynomial of high degree was
then discussed. It was shown, using numerical
analysis, that a method could be evolved which was
particularly suited for use with a machine.

The final part of the lecture was taken up by a
discussion of Boolean algebra. This algebra was
shown to be particularly relevant to the solution of
problems of the AND/orR type; this point was
illustrated by examples of switching circuits.

The meeting on 22nd February, was held in
Birmingham and Mr. Peter Styles described the
development work carried out by the electronics group
at St. Thomas® Hospital. This work consists of the
development of specialized equipment which is not
available commercially.

Among the items mentioned were systems for
measuring muscle potentials, of the order of micro-
volts, and for measuring the velocity with which an
impulse is propagated along a nerve fibre.

One of the most interesting of the systems described
was one for the measurement of the rate of blood flow
along a blood vessel, without severing the vessel;
this was done by measuring the time taken for an
ultrasonic pulse to travel along a fixed length of the
vessel.

Finally, a short account was given of very small
pulse generators, designed to be placed inside the
chest cavity, which would provide a triggering impulse
to the heart of a patient whose heart would otherwise

fail to beat.
D. H. A.
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Video Integration in Radar

and Sonar Systems

By

Summary: The performance of some basic integration systems is analysed,

and the effect of beam pattern on their performance is considered. A new

D. C. COOPER, M.Sc. }

system is described employing two delay loops which, in general, will give

a small improvement in threshold detection and furthermore has a

AND

J. W. R. GRIFFITHS, Ph.D.,
(Associate Member) T

number of practical advantages.

List of Symbols

B voltage or current gain around delay loop.
@ parameter proportional to time.
0

 value of 6 which corresponds to the output time
for the single loop integrator.

0, value of 0 which corresponds to the output time
for the double loop integrator.

6, integration limit of § which applies to uniform
weighting.
o r.m.s. of noise voltage or current.

¢ spacing between adjacent values of @ defining
signal amplitudes.

F, signal/noise improvement factor for single loop

integration.

F, signal/noise improvement factor for double loop
integration.

F, signal/noise improvement factor for ideal weight-
ing.

F, signal/noise improvement factor for uniform
weighting.

fi =Fy[F;

f2 =F,/F;

1. Introduction

in all echo-ranging systems the repetitive received
signals from any one target are limited to some finite
interval of time which is determined by the system. It
is usually convenient to subdivide this interval into
sub-intervals which correspond exactly to the repeti-
tion cycles of the system and then define the duration
of the signals from one target by the number of sub-
intervals or cycles in which the signal occurs. It is
well known that, as far as marginal detection is
concerned, the performance of the equipment can be
much improved by the storage and subsequent col-

+ Electrical Engineering Department, University of Birmingham.
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F

k  weighting factor applied to waveform samples
before addition.

k(@) envelope of weighting function in terms of 6.
M number of waveforms which contain signal.
N number of waveform samples integrated.

n  number of repetition periods a waveform sample
is stored.

lo " . .
q= i'»g — parameter which determines integrator

performance.

s signal measured as change in mean level (voltage
or current).

s(6) signal envelope as a function of 6.
t  time.
1, delay time of delay line.

lation of the information from these successive cycles.
Elementary forms of storage were inherent in even the
earliest radar equipments and without them the
performance would have been much inferior. A
typical example is the ‘A’ scan; here the envelope of
the received waveform is displayed on a cathode-ray
tube against a time-base synchronized to the trans-
mitter repetition rate and thus successive traces are
superimposed. A combination of the afterglow
properties of the phosphor of the tube and the eye and
mind of the observer serve as the storage mechanism
and it has been shown! that substantial improvements
in detection are obtained with such a display. Inten-
sity modulated displays such as the chemical recorder,?
used extensively in sonar equipment, are also very

421



D. C. COOPER and J. W. R. GRIFFITHS

effective. Here the traces may be displayed side-by-
side and the eye detects the presence of a target as a
pattern in a random background. Attempts have been
made to develop a more sophisticated form of video
storage and recently practical systems have been
described which have made use of mercury delay
lines® in one case and digital registers* in another.

One method of using a mercury delay line (or for
that matter any other delay line of suitable length) is
to recirculate the old information in the same delay
line. The length of the delay line is made exactly equal
to the recurrence period of the radar and the old
information coming out of the line is added directly
to the new information being received, the resulting
summated waveform being reinjected into the line.
This system, whilst reducing the total storage capacity
required and having the merit of simplicity, imposes
a number of restrictions on the system. In theory, of
course, it would be possible to recirculate without
adding the traces by using a frequency multiplex
system, but, quite apart from the complexity of the
terminal equipment, the bandwidth of the delay line
would restrict the number of traces that could be
stored, and furthermore, it can be shown®: €& that the
addition of traces or, to give the process its more
common name, integration, does not degrade the
information. However, since the dynamic range of a
delay loop is limited, the process of adding the old to
the new cannot be carried out indefinitely unless some
weighting factor is applied which restricts the sum-
mation to a finite total. The weighting factor may be
such as to allow a fixed number of traces to be
integrated, the store then being cleared and a new
series started. This system is generally known as
group integration. Continuous integration may be
obtained by weighting the old information by a factor
less than unity, say f, since the sum of such a series is
finite. The larger the dynamic range available the
more nearly f can approach unity and hence the more
traces that are integrated, but, of course, there are
other difficulties besides dynamic range which limit
the value of 3. Both the continuous and the group
integration schemes have disadvantages which will be
discussed later. An incidental advantage of integration
systems is their ability to discriminate against coherent
interference such as may originate from adjacent
echo-location equipments.®

In spite of this wide knowledge of the benefits of
storage systems little quantitative practical informa-
tion is available on the improvement resulting from
the application of such methods. On the theoretical
side the material is a little more promising but of
course it is obvious that the theoretical measure of
performance will depend upon the criterion of detec-
tion chosen. This problem has been discussed fairly
fully elsewhere.”* ® However, it is fairly obvious that
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whatever the criterion chosen the actual improvement
of performance due to integration is best measured in
terms of the threshold signal/noise ratio, i.e. the value
of the input signal/noise ratio necessary for a particular
value of the accepted criterion.

One widely accepted criterion relates the change in
mean voltage level which occurs when the signal is
present to the r.m.s. of the background noise when the
signal is absent. Adding N traces will increase the
change in mean by a factor of N but the noise, adding
on a power basis because of the lack of correlation
from trace to trace, will increase by a factor of only
JN. Hence the numerical value of the criterion
increases by a factor of JN. For small signal/noise
ratios, however, the change in mean in the output of
an envelope detector is proportional to the square of
the input signal/noise ratio. Thus if we reduce the
input signal/noise ratio so that the value of the
criterion for the N traces is the same as for only one
trace the depression of the threshold is only N.
This is the well known fourth root law of improve-
ment and means that for each doubling of the number
of traces integrated the input threshold signal/noise
ratio is reduced by 1-5 dB.

On the other hand, experimental evidence®: ? indi-
cates that a better return can be obtained using the
side-by-side storage systems where a figure of 2:2/2-4
dB per doubling was obtained, and suggest that such
systems may be superior to the integration methods.
Unfortunately, to the authors’ knowledge little or no
experimental evidence has been published on integra-
tion systems, but we now have some results which
indicate that integration systems are not inferior
and that it is the criterion which is in error. These
experimental results tie up with some of the points
made in the discussion®* on reference 8, in which the
work of Marcum'® was mentioned. Marcum’s work,
which has been only recently published,!® is based on
a quite different criterion of detection. He assumes
that the integrated trace is applied to a circuit which
will respond only when the voltage reaches a pre-
determined bias level, and if the voltage exceeds this
level it is assumed that a target is present. The bias
level is fixed by the ““false alarm’’ rate which can be
tolerated, a false alarm being due to the crossing of
the bias level when noise alone is present in the input,
Given the bias level, the probability of the voltage
exceeding this level when the signal is present, i.e. the
probability of detection, can be determined. A
practical realization of this method lends itself to
automatic detection systems. Automatic detection
systems are becoming of increasing importance in
complex situations such as exist at an aircraft terminal.
The operator (if he still exists) can be presented with a
filtered display, resulting in less fatigue and hence
less deterioration in performance.!!
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VIDEO INTEGRATION IN RADAR AND SONAR SYSTEMS

2. The Delay Line Integrator
Although it has been suggested that the criterion
given by the ratio

change in mean level when signal applied
r.m.s. of noise in the absence of signal

cannot always be linearly related to detectability, the
optimization of this ratio will normally result in
optimum signal detection. In this paper we will be
concerned with the optimization of integrator per-
formance and hence the use of this criterion is per-
missible. It has the advantage of simplifying the
mathematics considerably!

The use of a delay line and feedback loop as a video
integrator in an echo ranging equipment implies that
some method is devised to limit the time any wave-
form is stored to something of the order of the interval
in which the input signals are known to occur, since
longer overall storage times cause waveforms con-
taining noise alone to be incorporated in the integrator
output thus degrading its performance.

o OUTPUT

¥

INPUT

o—»——1 ADDER »| DELAY

LINE

FEEDBACK
NETWORK

A

SUPPRESSION
GENERATOR

REPETITION RATE INFORMATION J
O=— . ot

Fig. 1. Block diagram of a loop iterator.

The block diagram of Fig. 1 shows one way in which
a delay line may be arranged to integrate a limited
number of repetitive waveforms, the arrangement
being termed an iterator or group integrator. In this
arrangement the delay of the line is made equal to the
repetition period of the echo ranging system and the
output of the delay line is fed back and added to the
input. The loop gain is arranged to be unity for a time
corresponding to the required integration time and is
then rapidly reduced to zero and kept there for one
repetition period of the input waveform. This process
is repeated continuously.

The simple iterator which we have described carries
out the addition of a given number of input waveforms
only, and therefore will not operate on waveforms
containing no signal provided that the suppression can
be synchronized to the start of the set of signal
waveforms. However, an iterator is usually used to
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obtain some improvement in the detectability of the
signal waveforms and under such conditions we cannot
presume any prior knowledge of the waveform in
which the signal will first be present. It is therefore
highly probable that the input signals will be divided
between two integration periods resulting in an in-
ferior integrated output for each.

This phenomenon is called signal splitting and the
degraded performance caused thereby can only be
avoided completely by the use of a number of iterators
equal to the number of repetitive waveforms in which
the signal is known to appear. In this case the sup-
pression of the iterators is staggered and occurs at
intervals corresponding to the repetition period of the
input waveforms so that one integrated output is
available during each repetition period. It is obvious
that this solution to the problem is very costly in
terms of equipment when there are a large number of
waveforms in which the signal is expected to exist.

The improvement in the simple signal/noise
criterion produced by the iterator is easily determined.
We will assume that the change in mean voltage or
current produced by the presence of a signal in any
input waveform is denoted by s and that the r.m.s. of
the background noise is .

If the iterator operates on N waveforms, all of which
contain the signal, we have a resultant change of mean
of Ns, and a resultant r.m.s. background noise of
(N1, It should be noted that these results apply for
any statistical distributions of the noise and noise-
plus-signal waveforms, provided there is no correla-
tion between successive noise contributions.

Thus the final value of our criterion is

Ns \/N s (1)
Noh)? T e
giving an improvement ratio of \/N.

When only M of the waveforms contain signal the
change in mean of the resultant waveform will be
reduced to Ms and the final value of the criterion will
be

M s

JN o
In this case the improvement ratio can be written in
the form

M M . . .
— . /N =— x optimum improvement ratio
N N

The worst case which can occur with a single iterator
is that in which the group of signals is equally divided
between two integrated groups and M/N is equal
to 0-5 for each. A loss of 6 dB in video signal/noise
ratio occurs in this case, when the performance is
compared with that obtained with the integration
group corresponding exactly to the signal group.

423



D. C. COOPER and J. W. R. GRIFFITHS

Another method for limiting the time of storage of
a delay line loop is to operate continuously, but with
a loop gain f which is less than unity. This latter
restriction is also, of course, a stability requirement
for continuous systems. In this arrangement we still
obtain a maximum output at the termination of a set
of input signal waveforms but the integrated output is
the weighted sum of all preceding waveforms, the
weighting factor for each at any particular instant
being a function of the time which has elapsed since
its arrival.

| UMJJLM g
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(a)
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U\J ViR VE, 7R §
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Fig. 2. (@) Impulse response of the loop integrator.
(b) Weighting function of the loop integrator.
(¢) Display of integrator weighting function.

The values of the weighting factors may readily be
obtained by considering the response of this integrator
to an input pulse of unit amplitude. If the pulse is
applied to the integrator at time + = 0 and the delay of
the line is 7,4, the output at time ¢t = ¢, will be a pulse
of amplitude f, and at time ¢ = 2¢, the output pulse
will have amplitude 2. In other words the pulse
amplitude is modified by the factor f every time a
transit around the loop is completed and at time
t = nt; the output amplitude will be f".
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Figure 2(a) is a sketch which shows the decaying
form of this output and it is not difficult to see that if
the response is reversed with respect to time ¢t = 0, as
is shown in Fig. 2(b), the weighting as a function of
time since arrival of signal is obtained. The time at
which the output of the integrator is observed is now
t=0.

The weighting function may also be obtained
experimentally by applying a continuous repetitive
pulse to the input of the system and adjusting the
repetition period of the input to be slightly greater
than the delay of the loop. In this case each of the
input pulses produces a set of responses such as is
shown in Fig. 2(a) and individual pulses from the
responses of all the input pulses are grouped closely
together just before each pulse of the input train. A
photograph of an oscilloscope display of the inte-
grator output showing one group in such circum-
stances is shown in Fig. 2(c).

If the integrator is to operate on a signal which is
known to appear in N successive waveforms the
optimum output will be available at the same time as
the arrival of the last waveform containing signal
and the value of f§ chosen must be a compromise
between the requirements of a high value of the
weighting function for waveforms containing signal
and a low weighting factor for waveforms containing
noise only. The optimum performance will not be as
good as that obtained with the iterator under ideal
synchronization conditions but the system has the
advantage of being simple and continuous in its
operation. Old information is lost in a gradual manner
and no signal splitting occurs.

The video signal/noise ratio for N signal-plus-noise
input waveforms can now be found. This analysis
has been published before €&  but it is included here
for the sake of completeness.

Thus output signal/noise ratio

_ SHBs+Bs+. NS
T (0 4 pRo 4 plot 4. )
_sfl PR

L -
s N 1+ *
=ta-m {7}

and the video signal/noise improvement ratio
1+

=(1-pY f /} ...... 4)

Figure 3 shows the way in which this improvement
ratio varies with N for a number of values of f.
Remembering that the maximum improvement ratio
obtained with an iterator is \/N we find that the
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ungated loop integrator is about 1 dB inferior in
performance when f§ has been optimized. This is not
a particularly high price to pay for a much simpler
continuous system and there are many radar equip-
ments in existence which incorporate this arrange-
ment.

However, the ungated loop integrator is not a very
satisfactory solution to the problem of integrating
waveforms when the number of these waveforms is
large, for example one hundred or more, since this
requires the use of a loop gain very close to unity.
Urkowitz'? has described a system using frequency
modulation which maintains accurately a loop gain
very close to unity, but stability requirements still
limit the use of the system to the integration of less
than about one hundred signal-plus-noise waveforms.

3. The Effect of Beam Pattern

The finite duration of the signals received by an
echo-ranging system is often the result of the search
role of the equipment. Thus the sweeping of a narrow
beam of energy through the bearing of the target
produces a set of input waveforms which contain
signals in proportions determined by the beam
pattern. We are therefore presented with the problem
of finding the best way in which to integrate a set of
waveforms in which the signal/noise ratio increases and
decreases in sympathy with the beam pattern.

3.1. Optimum Weighting

Let us consider the problem of optimizing the
signal/noise criterion of the waveform resulting from
the weighted addition of N waveforms where the
change in mean due to the application of signal in
each waveform is given by s,, s, ...sy, and the
r.m.s. background noise is o for all waveforms.

Note that we are dealing with the signal/noise ratio
after detection but this is a function of the input
signal/noise ratio. ~ The signal/noisc ratio after
detection (as defined in Section 2) is proportional to
the square of the input signal/noise ratio for values
of the latter below unity.

We assume a set of weighting factors ky, k, ... ky
and now find that the signal/noise ratio for the weigh-
ted sum is given by

kysy+kys,+ .. kysy
[kK2e2+kia?+.. . kha*]?

N

Z kr Se A
P

=T
o[ 2]
r=1

In order to find turning values for this expression we
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Fig. 3. Improvement of signal/noise ratio as a function of N.

require that all the partial derivatives with respect to
the k,’s are zero.

Hence we obtain
04 8;

We therefore write
Si Z ki = kiZ ks,
i _2k.s, _constant for any par-
;Y kZ ticularsetof k/’sands,’s
...... 0

It is not difficult to show that this condition gives us
a maximum value of 4 and we therefore have the
result that in order to obtain the optimum perform-
ance from an integrator the individual waveforms
must be weighted by a factor which is directly propor-
tional to the change in mean level produced by the
signal present in that waveform.

or

n

This automatically implies that no account is taken
of waveforms containing noise only and in addition
indicates that all waveforms containing signal plus
noise should be used. Perhaps this is only too obvious,
but we now know that uniform weighting of all signal-
plus-noise waveforms is not always the best procedure.
Although we have assumed that ¢ is constant in the
above argument it is not necessary to do so, and the
presence of noise which depends upon beam pattern
can also be taken into account. This gives the result

that ks‘ . For the

T,

it
remainder of the analysis we will, however, continue
with our original assumption of constant noise

background.

In order that we may estimate what improvement in
signal/noise ratio is to be obtained by the use of ideal
weighting as opposed to uniform weighting we must
assume some particular form for the distribution of
the signal amplitudes. The problem of uniform
weighting has been considered by Blake'® who has

= constant for all values of i
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assumed that the signal (interpreted as change in
mean voltage throughout the remainder of the paper)
is distributed among the waveforms with an envelope
of Gaussian form. The Gaussian form is a close
approximation to the beam pattern of a narrow beam
antenna and we will adopt this form in the following
discussion. We shall also follow the approach taken
by Blake in assuming that there are a large number of
individual signal waveforms under the assumed
envelope. This permits us to use integral calculus
instead of algebraic summations and the results
appear in a parametric form which is of general use.
Blake has shown that in certain cases the results of
the calculus treatment for the high pulse density case
correspond to the mean of all possible results in the
low pulse density case and he points out that a mean
value is then the only useful measure of performance.

The envelope of the signal amplitude is therefore
defined by the curve exp(—0?%) where 0 is some
parameter which is directly proportional to time. We
will first obtain an expression for the improvement
ratio obtained with optimum weighting and in order
to do this we assume that the maximum signal at
6 = 01is 54 and the r.m.s. noise in all the waveforms is
o. The values of 8 which determine the individual
signal amplitudes will be assumed to be separated by
the small increment ¢.

" The ideally weighted integrator will therefore
produce an output signal/noise ratio given by

Ths, _ 2 P2
O'[Z krz]* o I:r=z+°° exp(_2r2¢2):|*

r=—o
r=-=ow

. . s
since we write k, == = exp(—r?¢?).
So

If we write k(0) and s(8) for the functions which
define the values of the weighting and the signal
amplitudes, the general expression for the output
signal/noise ratio can be written in integral form.

Thus our expression becomes
+ o

1
7 f k(6) s(6)d0

— a0

. [% T (k)2 df)] '

s(6)

So

Putting k(0) = = exp (—0%) we obtain

+ o
1 4 /n

i"\—/lg[f exp(—zez)de]:i_*)_ﬁ, 2

il - o}
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The improvement factor for ideal weighting is
therefore
1 % /n 1119
Fi=—r. [-=—r—
JEN 2 o
It should be noted that the form of signal envelope
we have assumed implies that for ideal weighting an
infinite number of waveforms must be used. This is
obviously not possible in any practical situation but an
approach to the ideal improvement can be made with
a finite number of waveforms since the function
exp (8%) falls off very rapidly for large values of 6.
We will not pursue this any further at the moment but
will use the ideal improvement expression as a stan-
dard of comparison.

3.2, Uniform Weighting

Returning to the case of uniform weighting it is
obvious that only a restricted number of waveforms
should be used and we wish to find the number that
give optimum performance. This optimum perfor-
mance will also correspond to the integration of an
equal number of waveforms on each side of that
containing the maximum signal and we assume that
these waveforms are bounded by values of @ such that
-0y <8<8y.

The output signal/noise ratio is now

+0uy
1
- fsoexp(-—()z)d()
¢ [
q 0o, since k=1 for all § within the
o [_ f dg] assumed range
¢_,u ...... (11)
The improvement ratio is now
+8y —_
1 1 1 n erff
Fy=— —— J. exp(—oz)d0=—.J—.—"
ENLIVEIY Vo N2 oy
...... (12)
The maximum value of the expression iy i

U
0-8427 and occurs when 0, = 0-994, therefore the
optimum improvement factor in the unweighted case
is
1-0559

1 [z
Fy max =\/—¢~/§ o A2l Jé oo (13)

This is only 0-5 dB less than that obtained using
ideal weighting and thus shows that weighting can
produce only a small improvement in performance
and from this point of view would not be worth using
unless it could be achieved without increasing the
complexity of the equipment.
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It is worth noting that the optimum value found for
6, in the unweighted case indicates that unweighted
integration should only be performed on waveforms
with video signal/noise ratio greater than 8-66 dB
below the maximum. However, performance is not
critically dependent on the number of waveforms
integrated.

4. The Video Delay Loop Integrator operating on a
Gaussian Input Signal Train

We have just shown that an integrator which is
capable of unweighted operation on a group of input
waveforms does not fall far short of the ideal per-
formance, but we must remember that in order to
obtain the best performance from the group integra-
tor it must operate in a continuous fashion and so
avoid signal splitting. The requirement of continuous
operation can only be met by using a large number of
basic storage systems such as the iterator, and Mac-
Farlane® has considered some of the problems
involved.

Another approach to the problem has been des-
cribed by Hinckley,* and this method involves the
quantization of the amplitude of the individual wave-
forms into two regions, one above and one below some
threshold level. After quantization the waveforms
appear as a series of marks and spaces which are
handled in digital fashion, and integration is achieved
by comparing with a second threshold the number of
digits occurring at each range position in a fixed
number of waveforms.

ENVELOPE OF SIGNAL
AMPLITUDES

ENVELOPE OF
WEIGHTING
FUNCTION

-2 5[ 0 8 | 2

8 —

Fig. 4. Relative positions of signal envelope and weighting
function of loop integrator.

The use of this double threshold method does
simplify the apparatus to some extent, although it is
still quite complicated and therefore costly, and in
addition some loss in performance must result from
the quantization. In fact Harrington'* has shown that
between 1 and 2 dB loss in performance results if the
double threshold method is compared with the single
threshold method treated by Marcum and the input
signals are assumed to have constant amplitude.
Therefore the loss in video signal/noise performance
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when compared with an ideally weighted integrator
operating on a set of signals with a Gaussian envelope
will probably be between 1-5 and 2-5 dB.

In view of the complication introduced if the group
type integrator is to be made to operate in a con-
tinuous fashion it is of interest to determine what
improvement can be obtained if a continuous delay
loop integrator operates on a set of signals with
amplitudes distributed according to the Gaussian law.

We shall consider two forms of delay loop integra-
tor, the single loop type which we have already
described and a double loop system which will be
shown to possess certain advantages. In order that we
may use the integral form of the expression for video
signal/noise improvement ratio we must express the
envelope of the weighting function for each arrange-
ment as a function of the parameter 0.

The single loop integrator has been shown to have
a weighting function given by the values 1, B, p*. ..
etc. at times which correspond to values of 6 of 6y,
0,—¢,0,—2¢,...etc., where 0, isthe value of 0 which
corresponds to the time at which the output of the
integrator is being considered.

We may therefore express the envelope of the
weighting function in the form

ky(0) =B, 0,26
=0, 0, <0

Figure 4 shows this weighting envelope positioned
with respect to the envelope of the signal set in the
manner we assume for analysis.

The video signal/noise improvement ratio can now
be found by using eqn. (9). Thus we obtain

+6; bl
f pO1=0/¢ ¢=0% 4 |
| S .
Fl = 0 Awol — -
vé l[ ( B"“l‘“”"dﬂ]*
S B (R (15)

The part of eqn. (15) in brackets is evaluated in
Appendix 9.1 eqn. (34), and hence

. — _
F1=:/(—1) TZI"CXP(—(;%) ,\/—q.exp(éq+01)2x

x[1+erf(3g+0,)]...... (16)
where q= 13%—[;.

and noting that the ideal improvement factor (eqn.

1 Jﬂ
.\/qb 2
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we can write

“ S
Fy=F, \/gexp(—Of) \/—q -exp(dg+0,)* x
x[1+erf(4g+0))]...... 17

or Fy=Ff1(q,0))

Since the value of 0, is continuously changing as the
output of the integrator is observed, and g is fixed
for any given loop gain, the output signal/noise ratio
will vary with time in a manner defined by the way in
which the above function £, (g, 0,) varies with 0,. The
variation will always correspond to a curve which
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Fig. 6. 0, as a function of ¢ for maximum values
of fi (g, 6) (g = const.).

rises to a peak value at some value of 0, and we are
interested in finding the value of q which maximizes
this peak.

An analytical approach to this problem did not
appear tractablet and values of the function have been
tabulated for suitable ranges of ¢ and 0,. The peak
values of the function for given values of g can then be
obtained and Fig. 5 shows these peak values as a
function of the parameter g.

Figure 6 shows the relation between 0, and ¢ for a

1 It has since been brought to our notice that it is possible to
solve this problem by an iterative method which is rapidly
convergent.
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maximum of the function f, (4,01) (4= const.)- The
optimum value of 0, can be regarded as a measure of
the time which must elapse after the arrival of the
waveform containing the maximum signal, before
the output signal/noise ratio reaches its peak value.
The rate of change of this time with respect to a
change in ¢ (or ) is of importance because it fixes to
the accuracy with which one can compensate for the
time delay of the peak output. Incorrect compensation
will usually appear as an angular error in the output
of an echo-ranging system.

Returning to Fig. 6 we see that optimum perform-
ance is obtained with a value of g of —0-7 and the
maximum value of the function is then 0-895. This
indicates that the single integrator optimum perform-
ance is within 0-95 dB of the ideal.

What is rather surprising is the fact that the single
integrator performance is only 0-45 dB inferior to that
obtained by unweighted group integration.

If we specify a value for the number of video input
signals which are not more than 6 dB below the peak
level then we may obtain some idea of the value of
required for optimum performance by expressing ¢
in terms of this number and thence log f8 in terms of
¢ and the optimum value of g. The figure of 6 dB has

10
3
08

$o7F &S
06
05 P

[ =~ SINGLE INTEGRATOR | | | |

04 Rl i o i | % dB LIMITS
03 i ,/' [ 7T ==+=DOUBLE INTEGRATOR “T—1—+1
02p—tf ! ' dB LIMITS
)+ ) /
0 b
2 5 10 20 50 100
NUMBER OF SIGNALS BETWEEN -6dB VIDEO SIGNAL/NOISE POINTS

N —>
Fig. 7. Optimum and limit values of loop gain B for single and
double integrators.
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Fig. 8. Block diagram of double loop integrator.

Journal Brit.1.R.E.



VIDEO INTEGRATION

IN RADAR AND SONAR SYSTEMS

been chosen here because it corresponds to the 3 dB
range of the pre-detector r.f. signal/noise ratios.

The above range of signal/noise ratio corresponds
to a range of 0 from —0-835 to +0-835 and if there
are N signal waveforms in this range we have

¢_l-6’{
SN (19)
Hence
—1:67x07 —1-17
log Bopr = @ g opr = N = N V)
or PBopr = e€x <_1.17
A W > ...... Q1)

Optimum values of f§ for a range of values of N
are shown in Fig. 7 and also included are the limiting
values for f to maintain the performance within
0-5 dB of the optimum. These 0-5 dB loss curves
correspond to values of g of —0-4 and —1-16, and the
values of g for other limit losses may be obtained, if
required, from Fig. 5.

5. The Double Integrator

The double integrator is an arrangement in which
the output of the first loop is operated on by a second
loop. Identical delays are required and for the pur-
poses of the analysis the gain of each loop will be
assumed to have the same value f.

Figure 8 shows the arrangement of the double
integrator system, and we will consider the response
of this system to a single input pulse of unit amplitude
applied at time ¢ = 0.

A simple method of obtaining the response is to
tabulate two rows of pulse amplitudes in the time
sequence in which they occur. The top row is the
response of the first loop to the pulse and this we
already know. Below this row we form the second
row corresponding to the input of the second delay
line and also the output of the system. The amplitudes
of the second row are obtained by adding 8 times the
amplitude immediately to its left, that is the previous
input to the second loop, to the amplitude immediately
above in the first row.

It is not difficult to see that this method corresponds

to the way in which the impulse response is formed
and the table which results is shown below.
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Fig. 9. (a) Impulse response of double loop integrator.
(b) Weighting function of double loop integrator.
(¢) Relative position of signal envelope and weighting
function of the double loop integrator.

Some idea of the form of this response is shown in Fig.
9(a) and as before we obtain the weighting function by
reversing the impulse response. This weighting func-
tion is shown in Fig. 9(b), and it will be observed that
it is a better approach to the ideal weighting, assumed
to be Gaussian, than that given by the single integra-
tor. The envelope of the weighting function for the
double integrator is the product of the weighting
function of the single integrator and a linearly rising
function. In Fig. 