
The Journal of 

THE BRITISH INSTITUTION OF RADIO ENGINEERS 
FOUNDED 1925 INCORPORATED 1932 

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

VOLUME 19 AUGUST 1959 NUMBER 8 

MEETING DIFFERENT NEEDS 
W HILST members who are able to attend 

the Institution's Conventions derive the 
maximum advantage from such meetings, every 
member ultimately benefits because of the 
Institution's policy of publishing all the papers 
in the Journal. Consideration has been given 
to producing these papers in a separate book 
form, which may have certain advantages. It 
would, however, inevitably mean an extra 
charge to members, thus departing from the 
principle of distributing all the Institution's pro-
ceedings to every member and keeping down 
costs. 

Publication in the Journal of papers read and 
discussed at the 1959 Convention will therefore 
be spread over the next few months. In order 
to achieve a balanced content of technical infor-
mation, every Journal will also include papers 
dealing with branches of radio and electronic 
engineering other than television. 

Future Journals will also feature contribu-
tions originating from the specialized Groups, 
two of which—Medical Electronics and Com-
puters—have already made their impact on the 
Journal; reports and other papers from these 
Groups are scheduled for early publication. 
Early next year, these contributions will be 
supported by papers obtained through the 
Radar and Navigational Aids Group. This is 
the third of the specialized Groups to be formed 
and details are given on page 456 of this 
Journal. 

The Committees of these specialized Groups 
will also make valuable additions to the pro-
gramme of meetings in London; during the 
1959-60 Session there will be some eighteen 
meetings directly organized by the Group Corn-

mittees. These are in addition to the regular 
monthly meetings arranged by the main Pro-
gramme and Papers Committee. Thus the 
majority of members able to attend London 
meetings will have an increasing range of topics 
within their own special fields. 

Whilst the holding of a Convention must be 
relatively infrequent, the Programme Com-
mittee is conscious that many subjects warrant 
more time than can be given during an evening 
meeting. This is particularly the case when a 
series of short papers provides a more suitable 
means of dealing with a theme than does a 
single paper. During the 1958-59 session, two 
half-day symposia were organised—on Radio 
Telemetry and Large Capacity Storage Devices 
—and proved to be very popular. This "minia-
ture Convention" approach will, therefore, be 
repeated during the coming session where the 
subject justifies such a course. 

The Council has also borne in mind those 
members who cannot attend meetings in 
London, but who support their local Section. 
It is intended that all the specialized Groups, 
in association with Section Committees, will 
sponsor meetings in other centres. 

In these several ways the value of the 
Institution proceedings, both in the Journal and 
through meetings, will be greatly increased and 
provide members with the opportunity to derive 
the maximum benefit from their professional 
body whatever their different needs. 

Such activity, however, requires the maxi-
mum co-operation from every member who is 
able to contribute to Institution proceedings by 
speaking at meetings and/or submitting a paper 
for publication. Will you help? G. D. C. 
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ELECTION OF HONORARY MEMBERS 

NTOTICE of the Council's proposal to confer 
Honorary Membership of the Institution on 

Eric K. Cole was given in the January 1959 
Journal. 

The presentation of the Certificates to Mr. 
Cole and Dr. Zworykin* and their acknowledg-
ment by signing the Roll of Honorary Mein-
bers, took place after a Banquet in Downing 
College on the 2nd July. 

In his speech proposing the health of the new 
Honorary Members the President, Professor 
E. E. Zepler, referred to Mr. Eric Cole's 
pioneering work in helping to establish the radio 
industry in Great Britain, and his continuing 
interest in the work of the Institution. Professor 
Zepler called on Rear Admiral Sir Philip Clarke, 
K.B.E., C.B., D.S.O., a Past President, to read 
the citation of the award of Honorary Member-
ship to Mr. Eric K. Cole. This read as 

follows : — 
"Just before the formation of the Institution in 

1925. a business had been started to manufacture 
wireless equipment to the design of the owner of 
the business, who was then in his early twenties. 
From such beginnings Eric Kirkham Cole applied 
himself to the application of radio and electronic 
science with such ability that the companies bearing 
his name are well renowned and established 
throughout the world. 

"Since the advancement of science for the benefit 
of man would be impossible without such pioneering 
work in the field of manufacture, the Council of the 
Institution records that the work of Eric Kirkham 
Cole has been of the greatest service to the develop-
ment of radio and electronic science. This testimony 
therefore gratefully acknowledges his many services 
to the profession and to the work of the Institution. 

"This award of Honorary Membership was con-
firmed by the membership assembled in Cambridge 
on the Second day of July in the year 
Nineteen-hundred and Fifty-nine." 

After thanking the President and members of 
the Institution for the honour bestowed upon 
him, Mr. Cole said: 

"It is vitally important that engineers should 
recognize the economic and political conse-
quences of their work. Not only is the world 
becoming smaller in terms of travelling time but 
also it is becoming a more tightly knit unit. It 
certainly does not require the foresight of a 

* The citation of Dr. Zworykin's Certificate of 
Honorary Membership will be included in the Septem-
ber Journal in connection with the publication of his 
Clerk Maxwell Memorial Lecture. 
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Jules Verne to know that the peeping eye of 
television will increasingly enable every section 
of humanity the opportunity of seeing, as well 
as of hearing, what else goes on in this world. 
Indeed, as one or two papers in the Convention 
programme show, scientists are already investi-
gating the possibilities of hearing and seeing 
something of the universe about us. 

"Our problem as engineers is to continue to 
make such researches and to contribute to man's 
knowledge of the universe as a whole. By doing 
so, we create problems requiring political deci-
sion. In a free country we are able to give 
expression to our individual view as to whether 
it is right or wrong to listen to and to see the 
other man's point of view. Political considera-
tion can never, however, limit the right of man 
to continue to prise open the secrets of nature. 

"This I believe to be part of the concept of 
all our learned societies. They encourage not 
only the discovery of new ideas, but how best 
to put into production scientific discoveries so 
that the individual may make his free choice 
as to whether or not to use such gifts of nature. 

"As the attendance at this Convention shows, 
the work of our learned societies is not in any 
way governed by nationality, creed, colour, or 
political opinion; by bringing together all who 
are interested in the development of radio and 
electronic science, our Institution does indeed 
perform an invaluable service not only to the 
people of this country, but to the world as a 
whole. I feel not only pleasure, but pride, that 
you should have wished to include me in such a 
distinguished membership. I promise, as indeed 
does every member on his election, to advance 
the interests of the Institution and the work that 
it does, whenever I have the opportunity. 

"To conclude, Mr. President, I have seen the 
Institution grow from infancy to the maturity 
it now has attained and, if I may, I should like 
to congratulate all who have been actively 
associated with the Institution from the earliest 
days and have done so much to bring it to its 
present position of importance, coupled with the 
high prestige it now enjoys in scientific circles 
not only in these Islands but throughout the 
world." 
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Thursday, 2nd July 
The domestic television receiver formed the 

basic subject of the day's papers. The first 
group dealt mainly with manufacturing 
methods; printed wiring was the main con-
sideration, although it was emphasized that 
such techniques applied to many other 
branches of radio and electronic equipment 
production. Other papers described television 
receiver design, and an account of the receivers 
produced in the U.S.S.R. caused considerable 
interest. Problems associated with X-radiation 
from cathode ray tubes also led to keen discus-
sion. The vexed question of the desirability of 
maintaining the d.c. component at the receiver 
was discussed at some length, and this par-
ticular meeting had to be adjourned to a later 
date (see Saturday's diary). 

In the evening the Hall of Downing College 
was filled by delegates attending a special 
Dinner given in honour of the Institution's two 
new Honorary Members. The occasion was 
used as an opportunity to present scrolls of 
Honorary Membership to Mr. E. K. Cole, 
C.B.E., and Dr. V. K. Zworykin. An account 
of the ceremony, including the reply of Mr. 
E. K. Cole, is given on the opposite page. 

Friday, 3rd July 
Today's "Convention News" contained 

references to the preceding night's banquet 
which bridged the gap in the proceedings be-
tween Thursday evening and Friday morning! 
Whether or not delegates attended that par-
ticular Banquet, everyone enjoyed reading the 
quips made by Mr. Cole and Dr. Zworykin. 

The emphasis on the papers read during the 
third day of the Convention was directed to the 
transmission side of broadcasting; overseas 
contributions to the session on television 
recording added especially to the interest. The 
final session of the day dealt with colour tele-
vision, and at its conclusion delegates 
adjourned to the "D.C. Lab." to see a large 

t The first part of the Convention Diary was pub-
lished in J. Brit.I.R.E., July 1959, P. 387 and will be 
concluded in the September issue. 

screen projection demonstration of static and 
live shots from a studio elsewhere in the 
Cavendish building. 

In the evening the Convention Banquet was 
held in the Hall of Gonville and Caius College. 
The dinner was preceded by a Sherry Party 
given by the President in Gonville Court. This 
was particularly enjoyable on what turned out 
to be a fine summer evening; indeed, it might 
be noted that the 1959 Convention well upheld 
the tradition that the Institution always appears 
to select for such occasions a favourable spell 
in the changeable English meteorological cycle! 

Professor N. F. Mott, F.R.S., Master of the 
College and Cavendish Professor of Physics, 
was the guest of honour. In proposing his 
health, the President paid tribute to the very 
many ways in which Professor Mott and the 
staff of the Cavendish Laboratories had helped 
in contributing to the success of the Institution's 
Convention. 

In his reply, Professor Mott made references 
to the increasing scope of the researches under-
taken in the Cavendish Laboratories; as a 
result of this work he strongly advocated closer 
association between physicists and engineers 
and he praised the Institution's efforts in 
promoting such opportunities for exchange of 
ideas. 

It is hoped to publish a fuller account of 
speeches in a later issue of the Journal. It is 
however, appropriate in these notes to add that 
on behalf of the Officers and Council of the 
Institution, Mr. V. J. Cooper, Chairman of the 
Convention Committee, made a presentation to 
Mr. George Crowe, Chief Technical Assistant 
of the Cavendish Laboratory. The presentation 
was made to mark the Institution's thanks for 
Mr. Crowe's help and to congratulate him on 
his forthcoming retirement after 51 years' 
service with the Cavendish Laboratories. 

The reply on behalf of the guests was made 
by Mr. C. O. Stanley who, in a characteristic 
speech, pointed out the valuable service which 
the Institution provided in establishing 
recognized qualifications for radio and 
electronics engineers. 
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INSTITUTION NOTICES 

Annual General Meeting 

The 34th Annual General Meeting of the 
Institution will be held at the London School of 
Hygiene and Tropical Medicine, on Wednesday, 
2nd December, 1959, at 6 p.m. The formal 
notice and Agenda will be published in the 
September issue of the Journal. Members wish-
ing to nominate a member for election to 
Council should send the nomination to the 
General Secretary not later than 21 days after 
the issue of the Council's list. The proposal 
must be supported by ten Corporate Members 
and be accompanied by the written consent of 
the member nominated. 

Radar and Navigational Aids Group 

Under its policy of establishing Specialized 
Groups of members who are professionally con-
cerned with one or other of the many aspects of 
radio and electronic engineering, the Council 
has appointed a committee of members who are 
active in the field of radar and navigational aids. 

The constitution of the committee is as 
follows: — 

K. E. Harris, B.Sc. (Member)—Chairman 
E. L. T. Barton, O.B.E. (Member) 
C. M. Cade (Member) 
J. W. R. Griffiths, Ph.D. (Associate Member) 
R. N. Lord, M.A. (Associate Member) 
W. J. O'Brien (Member) 
D. M. O'Hanlon (Associate Member) 
H. R. Whitfield (Member) 
Captain F. J. Wylie, R.N. ( Retd.) (Member) 

The new Committee will be principally con-
cerned with the arrangement of meetings in 
collaboration with the Programme and Papers 
Committee; it will also assist in the procure-
ment of papers for publication only. 

The Inaugural Meeting of the Group will be 
held in London on Wednesday, 28th October, 
when short addresses dealing with different 
aspects of radar and navigational aids will be 
given. 

The Training of Radio Apprentices 

The South Western Section of the Institution 
has arranged a symposium on the training of 
radio apprentices in conjunction with the Royal 
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Air Force Radio Apprentices School. It will 
be held at the R.A.F. Station at Locking, 
near Weston-super-Mare, on Wednesday, 7th 
October, 1959. 

The programme includes three papers dealing 
with the R.A.F. Apprentice training, industrial 
apprenticeship training, and the psychological 
aspects of this training. There will be ample 
opportunity for discussion on these three papers 
and other items. Facilities will be available to 
visit selected parts of the Apprentices School. 

The Section Committee hopes that this will 
provide an opportunity for a comparison and 
interchange of views between industry and the 
Services. The meeting will last from 10.30 a.m. 
to 4.30 p.m. Members wishing to take part 
should write to the Symposium Organiser, 
Flt.Lt. D. R. McCall, B.Sc., A.M.Brit.I.R.E., 
c/o 27 0.M.0., R.A.F. Locking, Weston-super-
Mare, Somerset. 

Facilities for Overseas Members 

For the convenience of members and journal 
subscribers outside Great Britain, the Institution 
has set up local banking accounts or made other 
special arrangements for the payment of sub-
scriptions, etc. The following banks accept 
payment in local currency. 

CANADA: Imperial Bank of Canada, 304, 
Bay Street, Toronto. 

SOUTH AFRICA: Barclays Bank D.C.O., 40, 
Simmonds Street, Johannesburg. 

NEW ZEALAND: The Bank of New South Wales, 
Auckland. 

AUSTRALIA: The Bank of New South Wales, 
341, George Street, Sydney. 

INDIA: The State Bank of India, 40, St. 
Mark's Road, Bangalore 6. 

PAKISTAN: The National Bank of Pakistan, 
PMA Building, Nicol Road, 
Karachi 2. 

FRANCE: Barclays Bank (France) Ltd., 33, 
Rue du Quatre Septembre, Paris. 

Other countries where banking arrangements 
have been made in order to facilitate payment 
in sterling only: — 
GREECE: 

ISRAEL: 

Any branch of the Ionian Bank. 
Any branch of the Bank Le 
Leumi Israel B.M. 
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The Design of Dual-Standard Television Receivers for the French 

and C.C.I.R. Television Systemst 

by 

C. J. HALL, B.SC.t 

A paper read on 2nd July 1959 during the Institution's Convention in Cambridge. 

Summary: There are several regions near the borders of France with Germany, 
Switzerland and Italy where a demand exists for a television receiver capable of 
functioning on either the French or C.C.I.R. systems. An inspection of typical 
television receivers for each of the two systems shows that there are essential differences 
in all parts of the circuit except the power supply, frame time-base and audio frequency 
sections. Consequently direct switching from one system to the other could involve a 
very large number of switching operations, including many in critical circuits where 
switching may introduce difficulties. It is therefore necessary to see whether, by a 
suitable compromise, it is possible to use the same circuits for both systems with little 
or no degradation of performance. Where an acceptable compromise cannot be found 
the problem may be simplified by duplicating circuits and simply switching the h.t. 
supply. The extra cost of material in this case must be balanced against the extra 
complication of switching in critical circuits, taking account of the limited demand for 
dual-standard receivers which restricts the amount of effort which can reasonably be 
spent on development. The design of a complete dual-standard receiver is treated 
section by section, alternative methods of switching are examined against the back-
ground of current practice and a preferred solution is outlined where possible or 
the lines along which such a solution may be sought are indicated. 

I. Introduction 

There are a number of regions in Europe 
where television transmissions on two or more 
different Standards can be received. This paper 
is concerned with the French and C.C.I.R. 
Standards, this being the most difficult case 

because these Standards differ in almost all 
their principal characteristics, but the tech-
niques described are equally applicable to other 
Standards. 

In Fig. 1 are shown the main regions of 
France where dual-standard receivers may be 
required and in Table 1 the chief characteristics 
of the two Standards are set out. It is clear 
from the Table that the only sections of the 
receiver which can function without modification 
on both Standards are: the frame timebase, the 
audio frequency section and the power supply. 
For the other sections there must be either the 

t Manuscript received 6th May, 1959. (Paper No. 
512.) 

Pye Ltd., Cambridge; attached to Television 
Grammont, Malakoff, Seine, France, as a liaison 
engineer. 

U.D.C. No. 621.397.62 

duplication of functions with switching or the 
use of circuits which, by a suitable compromise 
in design, provide acceptable performance on 
both Standards without switching. 

HOLLAND) 

\leGIUM) / 

CCIR TRANSMITTERS 

FRENCH TRANSMITTERS • 

PRINCIPAL REGIONS OF FRANCE —= 
WHERE CCiR TRANSMISSIONS 
MAY BE RECEIVED 

Fig. I. Map showing the principal regions of France 
where transmissions on the C.C.I.R. Standard may be 

received. 
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C. J. HALL 

2. General Considerations concerning Switching 

A certain number of switching operations must 
necessarily be included and the tendency in 
recent designs has been to combine the" Stand-
ards Switch" with the normal channel selector 
mechanism so that the user need only set the 
seclector to the desired channel and the receiver 
is automatically adjusted to receive the Standard 
employed by the transmitter corresponding to 
the selected channel. The elimination, in this 
way, of the "Standards Switch" knob is in line 
with the general trend towards simplification of 
the operation of television receivers. However, 
in order to simplify the mechanical arrangement 
linking the channel selector with the switch, it 
is desirable that the latter should be placed near 
to the channel selector and should not be too 
bulky. This condition limits the number of 
separate switching operations that can con-
veniently be accommodated to about ten and 
requires that most of the switching operations 
be such as to allow the use of fairly long con-
nections between the switch and the circuit. 
Certainly, mechanical arrangements can be 
designed which permit separate switch wafers 
to be placed in various parts of the chassis near 

to the circuits being switched but it is preferable 
to avoid these complications. 

3. General Considerations concerning Circuit 
Design 

The conditions to be fulfilled by the circuit 
designer can be stated as follows: 

(a) The number of separate switching opera-
tions must be kept as small as possible, 
and in any case not more than 10 or 12. 

(b) Switching should be limited, as far as 
possible, to circuits which permit the use 
of reasonably long connections between 
circuit and switch. 

(c) Duplication of circuits should be kept to 
a minimum for reasons of economy. 

(d) The overall performance of the receiver 
on each of the Standards must be in all 
respects comparable with that of single-
standard receivers. 

The block diagram of Fig. 2 shows the func-
tional changes which are necessary in switching 
from one Standard to the other. The chief 
requirements are: 

(1) Change of vision if. bandwidth. 

Table 1 

Principal Characteristics of the French and C.C.I.R. Standards. 

French Standard C.C.I.R. Standard 

Vision Modulation 

Sound Modulation 
Field Frequency 

Lines per Frame 
Line Scan Frequency 
Vision Bandwidth 
Carrier Spacing 
Sound Carrier Frequency above 

or below Vision Carrier 
Frequency 

Equalizing Pulses 
Frame Pulse Duration 

Complete Line Period 

Line Sync. Pulse Duration 
Line Blanking 
Frame Blanking 

Black Level 

positive 
A.M. 

50c/s Interlaced 
819 

20.475kc/s 
10Mc/s 

11.15Mc/s 

either 

no 
0.5 line 
48.8 p. sec 

2.5 µsec 
9 1.isec 

2.0 msec 
25% 

negative 
F.M. 

50c/s Interlaced 

625 
1 5 .625kc/s 
5 Mc/s 
5-5Mc/s 

above 

yes 

2.5 lines 

64 µsec 
5.8 isec 
11 µsec 
1.6 msec 
33% 

458 
Journal Brli.I.R.E. 



DUAL-STANDARD TELEVISION RECEIVERS 

A V C 

AERIAL 

A.M. SOUND 
IF. AMPLIFIER 

38.5 Mcis 

FRENCH STANDARD 
VISION LE AMP. 
27-37 Mc's 

SWITCHING I--
OPTIONALI - -  

CC 1.8 STANDARD 
BANDWIDTH FREN H 13Mds VISION IF AMP 

C CIA. 7Mds 32-37 Mds 

SWITCHING OPTIONAL 

)1 E M. SOUND I.F. AMPLIFIER 
AND LIMITER 

VIDEO AMP - 
Mc/sWITH PC 

WHITE LIMITER 

F M SOUND 
F 5.5flas 

-0-
VIDEO AMP D-
5McIs WITH 
SOUND TAKE-OFF 

Al AMP 
DISCRI "0-01 AND 

OUTPUT  

SYNC 
PULSE 

SEPARAIDR 

LINE SYNC 
A.F. C. 

FRAME 
SYNC 

SEPARATOR 

LINE OSC 
SWITCHED 
25/BI9LINE 

FRAME 
TIMEBASE 

LINE OUTPUT AND 
E.H.T. SWITCHED 
62S/819 LINES  EHY 

Fig. 2. Block diagram showing the functional requirements in a dual-standard receiver. 

(2) Inversion of the video signal to compen-
sate for the change of polarity of vision 
modulation. 

Change of sound channel from a.m. to 
f.m. with change of intermediate frequency 
to allow inter-carrier operation for the 
C.C.I.R. Standard. 

Change of video amplifier characteristics. 

Change of line oscillator frequency and 
corresponding changes to the line output 
stage. 

(6) Incidental changes which may be required 
in the sync. separator and vision a.g.c. 
circuits. 

The different requirements of the two Standards 
should be provided for with the minimum of 
duplication of valves and components and 
without complicated switching operations. Some 
ways of approaching these problems are exam-
ined in the following sections. 

(3) 

(4) 

(5) 

A GC 

4. The Tuner 

Turret-type tuners are to be preferred since 
they allow complete freedom to adjust the 
bandwidth of the r.f. circuits on each channel 
to suit the transmission standards of that channel. 
The only significant modification to a normal 
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tuner which is required concerns the addition of 
a mechanical arrangement to operate the 
standards switch. lf, as mentioned above, the 
number of switching operations is small, so that 
the operating force required is small, a very 
simple mechanism will be sufficient. A typical 
arrangement is shown diagrammatically in 
Fig. 3 for a 10-channel tuner. The disc "A" is 
carried on an extension of the turret-spindle and 
therefore rotates with the turret when the channel 
selector knob is turned. This disc can be fitted 
with up to 10 cams, "B", which, engaging with 

CHANNEL-
SELECTOR 
SPINDLE 

DISC 

DETAIL 
OF CAM 

STANDARDS SWITCH 

DEMOUNTABLE 
CAMS B' 

GRUB SCREWS 

LEVER- ARM 

Fig. 3. Illustrating the principal of linking the standards 
switch with the channel selector. 
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C. J. HALL 

the lever arm, "C", cause the switch to move to 
the left-hand position against the force of the 
return spring. Thus for any of the 10 positions 
of the channel selector the required position of 
the standards switch is chosen by either fitting or 
omitting the corresponding cam on the disc "A". 

5. The Vision Intermediate Frequency Amplifier 

The vision i.f.. passbands required by the 
French and C.C.I.R. Standards are shown in 
Fig. 4. The relative positions of vision and sound 
carriers are determined by the requirement that, 
on the channels in Band I the local oscillator 
frequency should be above the signal frequency. 

-11.1584de-- 
35 _....1 emds 30 

VISION SOUND 
CARRIER CARRIER 

FRENCH 

SO NO VI ION 
CARRIER CARRIER 

CCIR 

Fig. 4. I!. response curves. 

If two quite separate i.f. amplifiers are to be 
employed for the two Standards, then the 
intermediate frequency can be chosen for each 
Standard independently of the other. However, 
it is usual, for reasons of economy, to arrange 
that at least part of the i.f. amplifier is common to 
both Standards. In this case it is clearly prefer-
able to have the narrower (C.C.I.R.) i.f. band fall 
within the wider (French) if. band. Further, 
it is then possible for the high attenuation 
provided at the sound carrier frequency of the 
French Standard to serve for adjacent channel 
sound carrier rejection for the C.C.I.R. Stand-
ard. This is shown in Fig. 5, the carrier frequen-
cies indicated having been chosen to minimize 
harmonic feedback troubles. With this arrange-

VISION 
FRENCH 

SOUND 
CCI R 

VISION f SOUND FRENCH 
CCIR tROJ SOUND CCIR 

Fig. 5. Superposition of French and C.C.I.R. i.f. response 
curves. 
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ment the shape of the passband for the wide 
band Standard has to be held to rather finer 
limits than usual and narrowing of the band-
width to mitigate the effects of noise is not 
permissible as it would spoil the C.C.I.R. 
passband. It is nevertheless a workable system 
whose advantages considerably outweigh its 
disadvantages. 

The design of a dual-purpose i.f. amplifier to 
provide alternative response curves as shown in 
Fig. 5 may be approached in either of the two 
ways illustrated in Fig. 6. The first method 
(Fig. 6(a) ) is the less economical but raises no 
unusual design problems and the switching 
required for the i.f. amplifier itself is very 
simple, consisting only of a change-over of h.t. 
supply. The switching required after detection 
is a separate problem and is considered in a 
later section. 

HT SUPPLY 

FROM 
TUNER 

COMMON WIDE 
PASSBAND 

CCIR PASSBAND 

(a) 

DFR 

SEPARATE SWITCHING OF 
INTERVALVE COUPLINGS 

(b) 

Fig. 6. Alternative constructions for a dual-standard 
vision i.f. amplifier. 

The second method (Fig. 6(b)) is more 
attractive since it requires few additional 
components as compared to the normal single-
standard receiver, but switching of signal-
carrying circuits is unavoidable and a rather 
large number of switching operations may be 
required. In one example of this approach to 
the problem, switching is used at each of four 
intervalve coupling circuits demanding a total of 
seven changeover operations and involving a 
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DUAL-STANDARD TELEVISION RECEIVERS 

rather cumbersome mechanical construction in 
order to place each switch section near to the 
circuit on which it operates. Although such 
arrangements can be and are used, it seems 
desirable to look for a more elegant solution. 

Clearly if all the tuned circuits forming the 
narrow-band (C.C.I.R.) response curve were 
grouped together in a single filter forming one 

6ao 

25 30 35 40 P4c/s 25 30 35 40 Mc/s 

Overall response curve 
including filter Fl 

25 30 35 

Response curve 
of filter Fl alone 

Overall response curve 
including filter F2 

Mc/s 25 30 35 40 Mc/s 

Response curve 
of filter F2 alone. 

Fig. 7. Preferred arrangement for the vision i.f, amplifier. 

of the intervalve couplings, the switching 
requirements would be simplified. This variant 
is shown in Fig. 7 together with the response 
curves required for the various sections of the 
amplifier and the overall response curves. The 
problem here is the design of the network F2 
to have sufficient attenuation below the passband 
in the region 28-32Mc/s to satisfy the require-
ments of sound carrier rejection and adjacent 
channel selectivity. For the other network Fi, 
all that is needed is a flat response from 27 to 
37Mc/s and this can conveniently be met by a 
pair of transitionally coupled circuits. 

The network F2 may consist of double, triple 
or quadruple tuned circuits together with one or 
two rejector circuits to increase the attenuation 
at the frequencies of the sound carrier and the 
adjacent channel vision carrier (31.5 and 
30.0Mcis in this case). In Fig. 8 response 
curves are shown for two, three or four coupled 
circuits in the maximally-flat condition and of 

Autant 1059 

40 
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Fig. 8. Calculated response curves of flat double, triple 
and quadruple tuned circuits for the filter F2. Reference 

points 32 Mc/s — 6db and 37 Mc/s 

the required bandwidth. It can be seen that the 
selectivity with two circuits is such that the 
necessary attenuation is unlikely to be obtained 
even with the addition of rejector circuits, when 
allowance is made for the spurious responses 
which usually accompany the use of rejectors. 
The triple-tuned response is more promising 
and a three-circuit coupling network, with two 
rejectors, was constructed for test purposes. 
The circuit diagram and response curve are given 
in Fig. 9. Capacitive coupling was chosen for 
ease of adjustment, but it would be preferable in 
a production design to use mutual inductive 
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coupling between the second and third circuits, 
since this would allow the five coils to be accom-
modated on three formers. The sound carrier 
rejection is correct for intercarrier working and 
the adjacent vision rejection of 40db may be 
taken as satisfactory. 

3rd I.F. 
STAGE 

2nd I.F. 
STAGE 

TUNER 

Ist. 
I.F. 
STAGE 

I.F. INPUT 
COIL 

SOUND REJECTOR 
38.5 mc/s 

VIew from below 

Fig. 10. Layout for switching in the vision If. amplifier. 

The use of a four-circuit coupling would 
certainly allow additional attenuation at and 
below 30Mc/s to be obtained, but it is doubtful 
if the added complication is justified. 

From the above it appears that the required 
response characteristics can be obtained fairly 
easily and the arrangement of Fig. 7 is practically 
realizable. There remains the question of 
positioning the changeover switch. Since the 
entire switch assembly must, for the mechanical 
considerations already mentioned, be mounted 
near the tuner, the layout of the i.f. amplifier 
must be such as to bring the circuits concerned 
near to the end sections of the switch. This can 
conveniently be arranged as shown in Fig. 10. 
Here a slider-type switch is mounted behind and 
below the Tuner and the networks Fl and F2 
(respectively L6/L7 and L 1 to L5) are installed 
between the first and second if. stages. 

6. The Sound Intermediate Frequency Amplifier 

If the intercarrier system of sound reception' 
is adopted for the C.C.I.R. Standard, as is the 
universal practice, then the sound channel 
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requirements for the two Standards are com-
pletely different. The French Standard requires 
amplification at 38.5Mc/s and a.m. detection, 
the C.C.I.R. Standard amplification at 5.5Mc/s, 
limitation and f.m. detection. No real advantage 
is gained by abandoning the intercarrier system 
and adopting the same intermediate frequency 
for both Standards as, in order to conserve the 
"overlapping" of the vision if. response curves 
(Fig. 5), it becomes necessary to interchange the 
vision and sound carrier frequencies for the 
French Standard. This, in turn, means that the 
French Band I channels cannot be received as 
the local oscillator would have to work below 
signal frequency. Alternatively, if the frequencies 
indicated in Fig. 5 are conserved, the sound if. 
amplifier must work on different frequencies 
for the two Standards, as with intercarrier sound. 
or an auxiliary frequency-changing operation 
must be carried out (in this case from 31.5Mc/s 
to 38.5Mc/s). These difficulties, together with 
the inherent advantages of the intercarrier 
sound system, leave little doubt as to which 
solution should be chosen. 

The two frequencies at which amplification is 
required, when the intercarrier system is used 
for the C.C.I.R. Standard, are sufficiently 
widely separated to allow one valve to amplify 
at both frequencies without switching, as is 
done in a.m./f.m. radio receivers. This is illus-
trated in Fig. 11, one stage only being common 
in order to have an efficient limiter for the f.m. 
system. 

TO AUDIO 
AMPUFIER 

FROM VIDEO 
AMPLIFIER 

Fig. 11. Basic circuit of dual-standard sound if. amplifier. 

In a more economical arrangement, the 
pentode limiter might be abandoned and the 
a.m. rejection obtained by employing a ratio 
detector supplemented by a diode limiter or by 
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Fig. 12. Alternative arrangements for inverting the video 
signal. 

"envelope feedback".2 However the perfor-
mance is somewhat inferior to that provided by 
the pentode limiter and can therefore hardly 
be recommended since dual-standard receivers 
will usually be used for fringe-area reception, 
often in very unfavourable conditions. 

7. The Video Amplifier and the Polarity of the 
Video Signal 

The majority of dual-standard receivers use 
the same video amplifier, or at least the output 
stage, for both Standards, the amplifier being 
designed to meet the specification of the higher 
definition Standard. Associated with the video 
amplifier are the circuits for extracting the sound 
"intercarrier" for the C.C.I.R. Standard and for 
providing attenuation at this frequency (5.5Mc/s) 
in the video chain. The circuit providing this 
attenuation must be removed when the receiver 
is operating on the other Standard. In addition 
means must be provided for maintaining the 
correct polarity of video signal in spite of the 
inversion of the polarity of modulation between 
the two Standards. 

The above requirements can easily be met if 
the use of switching in the video signal circuits 
can be accepted, and the majority of current 
designs require at least one such switching 
operation. Some typical arrangements are shown 
in Fig. 12. In the first of these (a) separate 
detectors are provided so that the video signal 
after detection always has the same polarity. In 
the second example (h) there is a common 
detector and the video signal is inverted after 
detection when receiving a positively modulated 
carrier (French Standard). In the third case (c) 
the video signal is not inverted but is applied to 
either cathode or grid of the picture tube. 
However a switched phase inverter is still 
required in order to provide a video signal which 
always has the same polarity for the synchroni-
zing circuits. 

The need has been indicated for avoiding 
switching operations in signal carrying circuits 
whenever possible, in the interests of mechanical 
simplicity and flexibility. A means of achieving 
this in the present case is shown, in several 
forms, in Fig. 13.3 Here separate diodes are 
employed for positive and negative modulation, 
as previously in Fig. 12(a), but the diode required 

FINAL IF 
STAGE TO PiCTLIFIE 

TUBE 
(a) 

(b) 

(CI 

FINAL •,4' 
I F. STAGE 

HT 

FINAL F .; 
STAGE 

FRENCH 

TO SOUND 
220p F AMP (FIER 

TO A GC 
CIRCUIT 

5000P 

lop 

VIDEO AMP 

Fig. 13. Inversion of video signal by switching diodes. 
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is selected by switching in the return circuit 
where, as only d.c. and low frequency currents 
are present, the if. and higher video frequencies 
being bypassed by the capacitors C, connections 
of any reasonable length may be used between 
switch and circuit. 

In Fig. 13(a) an additional diode (D3) serves 
to eliminate the sound rejector and take-off 
circuit, when not required, by introducing the 
damping network R1/C1, while the diode D4 is 
a conventional peak white interference limiter 
which is operative only for the positive modula-
tion Standard (French). Both of these auxiliary 
circuits are switched simply by applying or 
removing the h.t. supply voltage and they can 
therefore be controlled by a single switch 
section which, at the same time, switches the 
sound if. amplifier ( Fig. 11). 

Very few, if any, dual-standard receivers pass 
the d.c. component of the video signal and this 
is easily understood upon consideration of the 
difficulties involved, which include: 

(1) The necessity of changing the operating 
conditions of the video amplifier. 

(2) The avoidance of a change of black-level 
on switching from one Standard to the 
other. 
The desirability of avoiding large varia-
tions of black-level when the contrast 
control is adjusted, but compensation is 
required in opposing senses for the two 
Standards. 

The elimination of the d.c. component therefore 
brings about a notable simplification of the 
design and reinsertion at the picture tube is 
rarely used because of the difficulty of providing 
a d.c. reinsertion circuit which is immune to the 
effects of impulsive interference on both Stan-
dards, the interference pulses being in opposing 
senses, relative to the video signal, for the two 
Standards. 

(3) 

8. Automatic Gain Control—Vision 

The difficulties involved in finding a suitable 
vision a.g.c. system for a dual-standard receiver 
depend almost entirely on whether an "average 
signal level" or a "true carrier level" system is 
required. The former type, in which the control 
voltage is proportional to the average value of 
the composite video and sync. signal, is equally 
suitable for either Standard and, provided 
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its inherent limitations are accepted, is the most 
convenient solution to the problem. 

The latter type provides a control voltage 
which is a true measure of received signal 
strength and independent of picture content. 
Systems of this type, using the black level of the 
video signal as reference, are well-known for 
both positive and negative4 modulation stan-
dards, but involve certain additional compli-
cations when applied to dual-standard receivers. 

It has been shown in an earlier section that 
the most convenient way of dealing with the 
opposite modulation polarities of the two 
Standards is to invert the vision detector diode 
so that the video signal always has the same 
polarity. If, however, a "black-level" a.g.c. 
system is to be operated from the detector 
output it will be necessary, on switching from 
one Standard to the other, to introduce a phase-
inversion into the a.g.c. loop in order to compen-
sate the inversion of detector polarity. Further 
consideration shows that if, as is usual, the 
contrast is to be varied by adjusting the a.g.c. 
threshold then the control range will not be the 
same for both Standards, since the black-level 
does not stand at the same modulation percen-
tage in both cases and, in addition, the sense of 
variation of the contrast control potentiometer 
will have to be inverted. 

Because of these difficulties, "black-level" 
a.g.c. is not widely used in dual-standard 
receivers and, in those receivers which do employ 
it, the same polarity of detection is maintained 
for both Standards so that no phase inversion is 
required in the a.g.c. loop. It is, however, then 
necessary to invert the video signal after detec-
tion as in Figs. 12(b) and 12(c). The latter 
disadvantage could be avoided if, in a circuit 
having separate vision detector diodes, a third 
diode were added to provide a signal of constant 
d.c. polarity for the a.g.c. circuit (Fig. 13(b)). 
The additional loading on the final i.f. trans-
former would be small since the relatively 
narrow bandwidth which is sufficient for a.g.c. 
purposes would permit the use of a high resistor 
as detector load. 

9. Synchroni/ing Circuits 

Under difficult reception conditions the quality 
of the received picture is closely dependent on 
the efficiency of the synchronizing arrangements 
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and it is therefore very desirable, in a dual-
standard receiver, to provide means of approach-
ing optimum performance on both Standards 
even at the cost of additional switching opera-
tions. This is specially true of the sync. pulse 
separator, where quite small deviations from 
optimum conditions can cause a noticeable 
deterioration in the stability of synchronization 
when the signal to noise ratio of the received 
signal is low. 

Referring to the conventional self-biasing 
sync. separator circuit shown in Fig. 14, the 

H.T 

VIDEO 
INPUT p2 

SYNC. 
OUTPUT 

Fig. 14. Basic sync. pu se separator circuit. 

simplest modification that can be made consists 
in changing, by switching, the value of RI. This 
provides a means of adjusting the extent to 
which the sync. pulse tips are clipped by grid 
current in order to compensate for the difference, 
between the two Standards, of the sync/signal 
ratio and of the mark space ratio of the line 
sync. pulses.5,6 The lower mark/space ratio of 
the French Standard (1/18.5) as compared 
with the C.C.I.R. Standard ( 1/10) causes the 
clipping level to move down towards black-
level, whereas in view of the lower sync./signal 
ratio (French 25%, C.C.I.R. 33%) the clipping 
level requires to be moved in the opposite 
direction. Certainly, if optimum conditions are 
established for the French Standard, satisfactory 
sync. separation will also be obtained for the 
C.C.I.R. Standard under good reception condi-
tions, but the clipping level will be too near to 
the sync. pulse tip for correct operation when 
the signal/noise ratio is low. The clipping level 
may be moved away from the sync. pulse tip 
either by increasing R2 (Fig. 14) or by reducing 
RI, the latter alternative being the easier to 
arrange. 

The situation is further complicated by the 
necessity, for the C.C.I.R. Standard, to render 
the sync. separator immune, as far as possible, 
from blocking effects in the presence of impulsive 
interference. To this end some C.C.I.R. receivers 

FREI101 CR 

include interference clipping or cancelling 
circuits before the sync. separator, and these 
may be included in a dual-standard receiver 
provided arrangements are made to avoid 
excessive clipping of the sync. pulse for the 
French Standard. A well-known circuit7 which 
can conveniently be incorporated in a dual-
standard receiver is shown in Fig. 15. Here, a 
valve having two control grids is employed as 
sync. separator, the video signal being applied 
to the second control grid and the inverted 
interference pulses to the first grid. 

The majority of current dual-standard recei-
vers, probably to avoid complication, use a 
straightforward sync. separator without interfer-
ence cancelling circuits. 

Synchronization of the line oscillator requires 
an automatic frequency control system for which 
any of the conventional discriminator or coin-
cidence detector circuits may be employed. 
However the requirements of the two Standards 
in respect of control range are somewhat dif-
ferent since the sync. pulse frequency of C.C.I.R. 
transmitters is maintained constant within much 
closer limits than that of the French Standard 
whose field rate is locked to the mains supply 

NOISE INVERTER 
H T ADJUST. 

VIDEO 
NAPURE SYNC. 

OUTPUT 

Fig. 15. Sync. separator wi h noise inversion. 

frequency. For this reason, the pull-in range of 
the control system should be wider for the 
French Standard (+ 2%) than for the C.C.I.R. 
Standard (+ 1%). This is achieved in some 
receivers by switching components so as to 
change the time-constant in the control loop but 
the more usual practice is to adopt a compromise 
value of pull-in range for both Standards. 

The separation of the frame sync. pulse from 
the complete sync. signal presents no special 
difficulties but, when it is necessary to deal with 
a frame pulse of different form for each Standard, 
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a circuit should be adopted which includes an 
effective clipping action after integration (or 
differentiation) of the complete sync. signal. In 
this way the action is made less dependent on 
the critical choice of time-constant in the inte-
grating (or differentiating) circuit and a comp-
romise value can be found which gives clean 
separation on both Standards. 

10. The Line Timebase 

The basic operation carried out on switching 
from one Standard to the other is change of 
the line oscillator frequency. This presents no 
difficulty with the three commonly used types 
of oscillator: the multivibrator, the blocking 
oscillator and the sine-wave oscillator. For the 
first two the necessary change of frequency may 
be brought about by the switching of a d.c. bias 
voltage, while for the sine-wave oscillator the 
use of two separate oscillator coils with change-
over switching is a suitable solution. None of 
these circuits is disturbed by the use of reasonably 
long connections between switch and circuit. 

The interest in this section therefore attaches 
mainly to the behaviour of the output stage. In 
order to maintain optimum operating conditions 
and efficiency in a line output stage at two 
different scanning frequencies, it will generally 
be found necessary to change the output trans-
former ratios, the flyback time and the grid-
drive conditions of the output valve. The 
switching that would be required for this purpose 
is too complicated to be acceptable and it is in 
any case doubtful whether the switching of 
transformer ratios is practicable because of 
the high peak voltages involved. No attempt is 
therefore made to achieve optimum operating 
conditions at both frequencies. The compromise 
that is usually adopted consists in designing for 
optimum operation at the higher of the two 
frequencies and then providing, at the lower 
frequency, just the minimum modification of the 
conditions necessary to maintain the same scan-
ning energy, without changing either the trans-
former ratios, flyback time or the components 
associated with the drive waveform. 

The principal change which occurs when the 
scanning frequency is switched to a lower value 
concerns the voltage developed across the 
deflector coils during scan and therefore the 
voltage across all sections of the transformer. 
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This voltage is given (neglecting resistance) by 
the expression 

di L.i„ 
= L—dt --ts when the deflection 

current is linear. 
where V.— voltage developed across the deflec-

tor coils during scan. 
L = inductance of the deflector coils. 

peak-to-peak deflection current. 

t. 1 = tscan time = — 
fi 

f. = scanning frequency. 
t. = flyback time. 

V. therefore decreases with decreasing scanning 
frequency. Consequently the voltage drop 
across the primary section of the output trans 
former also decreases and, with constant h.t. 
supply voltage, the anode voltage and current 
of the output valve will therefore increase. 
New operating conditions will establish them-
selves at the lower frequency with higher current 
consumption and greater scanning energy than 
at the higher frequency. The obvious way to 
reduce the scanning energy to its former value 
is by a suitable reduction of the h.t. supply 

ENT 16 
kV! 

H 

FROM LINE 
OSCILLATOR 

1/1 

15 

14 

EHf 

W. 

z 

r 
I. 1.1%4 
mA •R. 

tM, 

130 8 

20 6 

110 4 

100 2 

15 16 17 18 19 20 2 
FREQUENCY, Rc/s 

DAMPING 
10 DEFLECTOR DIODE 
COILS 

REFERENCE 
PULSE  

40Y I 
SET I 
E I 

„CONTROL RECTIFIER 8 AMPLI IER  

Fig. 16. Stabilized line output circuit. 
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voltage. This method has been widely employed 
with fairly satisfactory results although there 
is some inconvenience involved in equalizing 
exactly the scanning energy (and therefore the 
picture width and e.h.t. voltage) since suitable 
pre-set voltage-dropping resistors tend to be 
large and easily damaged by overload. 

Recently a better solution has appeared in the 
use of automatic stabilizing circuits8 which are 
simple and reliable and which provide overall 
stabilization of scanning energy against all 
external causes of variation, whether deliberate 
change of scanning frequency, variation of supply 
voltage or ageing of valves. The basic circuit 
(Fig. 16) uses a feedback system to maintain 
constant the peak voltage developed across the 
deflector coils during flyback (and therefore the 
scanning energy) by controlling the grid voltage 
of the output valve. Where a high degree of 
stabilization is needed, as in the present case, a 
triode pulse rectifier may be used to provide 
sufficient gain in the control loop. The details 
of this circuit and its variants have been very 
fully described in recent publications') and will 
not be elaborated further here. 

complete dual-standard receiver. 

LINE OUTPUT & 

H T CONTROL 

AUDIO 

DIODE 
S WITS 

[HT 

PEAK 
— WHITE 

VIDEO 
AMP 

LIMITER 

It may be seen from the curve given in Fig. 16 
that the e.h.t. (for zero beam current) remains 
satisfactorily constant (2.5% variation); the 
scanning current varies by the same amount and 
the percentage variation of picture width will be 
approximately one half of this value. 

Three points are worthy of note in connection 
with this circuit. 

(a) The change of oscillator frequency causes 
some variation in the shape and amplitude 
of the grid drive waveform and conse-
quently there will be some change in the 
proportion of the scan time for which the 
output valve conducts. This is of little 
importance provided that the circuit has 
been designed (by suitable choice of 
output transformer ratios) so that the 
diode conducts throughout the scan and 
can therefore compensate for small 
variations of pentode conduction. The 
increase of pentode current with decreas-
ing frequency shown in Fig. 16 (It) is 
attributable to this cause. 

(b) The anode dissipation of the output 
valve increases with decreasing frequency 
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because the anode voltage during scan 
increases rapidly as the frequency dec-
reases, as explained above, and there is 
also a small increase of anode current as 
noted. For this reason it is essential to 
choose a valve having a high anode 
dissipation rating. 

(c) The boost voltage decreases with decreas-
ing frequency, consequently if this voltage 
is used for such purposes as supplying 
the focus electrode of the picture tube or 
the anode voltage of the frame oscillator, 
it will be necessary to switch into circuit 
a voltage divider at the higher scanning 
frequency. Alternatively, to avoid addi-
tional switching, the high-voltage required 
may be obtained by rectification of the 
flyback pulse, which has constant ampli-
tude, from a suitable auxiliary winding 
on the output transformer. 

11. Conclusion 

An assortment of circuits and techniques have 
been described which may be used as building 
blocks in putting together the complete design 
of a dual-standard receiver. One combination, 
which is a reasonable compromise between 
performance, economy and simplicity is outlined 
in Fig. 17. Such a receiver requires two or 
three valves and two or three germanium diodes 
more than the corresponding single-standard 
receiver of equivalent performance. The number 
of switching operations (eight) is not large and 
only two of these, in the vision i.f. circuits, are 
of a "critical" nature. 

The emphasis throughout has been placed on 
simplicity which, allied with a small number of 
special techniques, enables the changeover of 
Standards to be made with a small number of 
switching operations and this in turn leads to 
simpler and more flexible mechanical design. It 
may be concluded that the realization of dual 
standard receivers does not present excessive 
difficulties and that they need be neither unduly 
expensive nor complex as compared with normal 
television receivers. 
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Assessment of X-Radiation from Television Receiverst 

by 

A. CIUCIURA, B.sc.(ENG.)$ 

A paper read on 2nd July 1959 during the Institution's Convention in Cambridge. 

Summary: The possibility of predicting, at the design stage, the X-radiation 
properties of a particular receiver under development is achieved by establishing 

X-ray properties of cathode-ray tubes in terms of their spread, e.h.t., and beam 
current, and by defining properties of e.h.t. supplies in terms of mean potential, 
spread and internal impedance. The two sets of properties are allowed to act 
simultaneously and final results are evaluated statistically in terms of a number of 
receivers exceeding the present permissible dose-rate of 0.5 mr/h, the amount of 
X-radiation emitted in an extreme case and the amount of shielding required, if 
any. The specific cases quoted were taken from measurements on tubes and valves 

operated under laboratory conditions. 

1. Introduction 

With the increasing use of ionizing radiations 
in the ever widening field of human endeavour, 
there is parallel increase in awareness of its 
effects on living organisms. In so far as tele-
vision receivers are concerned the amount of 
radiation produced is normally well below the 
level of any direct injury, nonetheless it is a 
contributing factor in the make-up of the 
background radiation. There is evidence 
indicating that an increase in the background 
radiation leads to an increase in the rate of 
genetic changes', 2, 3. 

The problem of X-radiation from television 
receivers, and particularly from cathode-ray 
tubes, is not a new one. For years American 
published data contained a warning to the effect 
that operation of tubes above 16kV (absolute 
value) may produce harmful X-rays and special 
shielding precautions may be necessary. In this 
country some work on the subject was carried 
out by individual manufacturers4, 3, and various 
industrial associations. This is reflected in the 
insertion of an X-radiation clause in the revised 
issue of B.S.415: 1957.6 (See Appendix 1.) 

The approach normally taken in this country 
was to measure the X-radiation from cathode-
ray tubes operated under conditions similar to 

t Manuscript received 13th March 1959. (Paper 
No. 513.) 

Mullard Radio Valve Co. Ltd., New Road, Mit-
cham Junction, Surrey. 

U.D.C. No. 537.531:621.397.62:614.898 

those in a television receiver. A few years back 
it was possible to assume large margins of safety 
and yet still be within the permissible limits. 
With time the demand for brighter and bigger 
pictures was answered in the only possible way 
—increase in e.h.t. and beam current. As 
improvements in manufacturing techniques 
enabled the use of thinner glass in the cone of 
the cathode-ray tube, the situation became 
increasingly difficult. Finally, the International 
Commission on Radiological Protection 
(I.C.R.P.) in April 1956 (Geneva Meeting) 
reduced the permissible dose rate for television 
receivers from 0.6 itr/sec to 0.15 sr/sec, that is, 
by a factor of four. In this way the safety 
margins disappeared and the new situation 
compelled a complete revision of the approach 
to the problem. 

2. Sources of X-Radiation in Television 
Receivers 

The International Commission on Radiologi-
cal Protection recommended in l9547, that 
"Any electronic tube operating at potentials 
above 5,000 volts shall be considered a possible 
source of X-rays, and, if necessary, radiation 
barriers shall be provided". On this basis the 
possible sources of X-rays in a television 
receiver are : line output valves, cathode-ray 
tube and e.h.t. rectifier. 

Although the peak anode potential for line 
output valves may be in excess of 7 kV, it is of 
short duration (18 per cent of the cycle with 
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18 tisec max.) and occurs at the time when the 
valve is cut-off. No case of measurable radiation 
from these valves has been reported. 

The e.h.t. rectifier may be working with a 
peak inverse potential in excess of 20 kV. 
Although the valve is cut-off for most of the 
time the d.c. inverse voltage is nearly the same 
as the e.h.t. potential. Under such conditions 
a small back emission is possible and this is 
responsible for generation of X-rays. If the 
walls of the rectifier are relatively "transparent", 
some X-radiation may be detected on the 
outside. In some instances it was noted that 
the e.h.t. rectifier was a primary source of 
X-radiation in a television receiver. 

On account of its small size, the problem of 
shielding the e.h.t. rectifier does not present 
any difficulty. Furthermore, the bulb itself is of 
simple construction and instances are known 
when a complete solution of the problem was 
effected by using lead glass. Under some fault 
conditions the e.h.t. rectifier can still be a source 
of strong radiation. (See Section 7.) 

The fundamental principle of operation of 
cathode-ray tube is the same as that of an 
X-ray tube ; the final anode operates at d.c. 
potential and a continuous stream of electrons 
hits the target. It is unfortunate that the beam 
of electrons designed to excite the phosphor 
produces also the unwanted radiation. With 
direct-viewing tubes the thick walls of the bulb, 
required by mechanical considerations, intercept 
the radiation either completely (at low potentials) 
or pass only a small fraction at higher potentials. 
In contrast the projection tube, with its thin 
walls and high anode potential, produces a 
large amount of radiation. Some manufacturers 
recommend screening equivalent to 0-5 mm of 
lead. 

Because of its bulk, X-ray shielding of the 
tube is a major problem. The screen must be 
visible to the viewer, hence transparent material 
for this part of the tube must be used. For the 
rest, either the tube or the cabinet must be 
coated with a suitable material—at the best 
a time-consuming process. 

Up to now the design of the bulb for a 
cathode-ray tube was concentrated on required 
mechanical strength, dimensional accuracy and 
optical properties. In the future the X-radiation 
performance may well receive more attention. 
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3. The Need for Analytical Approach 

In Fig. 3 is shown a graph relating the number 
of tubes exceeding the permissible dose of 
0-5 mr/h as a function of e.h.t. Some of these 
tubes have been released for operation at 18 kV 
(design centre rating). Taking into account all 
possible factors it is conceivable that in a 
television receiver designed for this voltage 
some tubes may be working at about 20 kV. 
According to the graph 99 per cent of these 
tubes will exceed the permissible dose at 20 kV. 

Apart from establishing the possibility of 
reaching the permissible dose-rate, such a 
simple approach does not give a true account 
of the situation and is open to criticism. The 
criticism can be expected to be severe, for on 
its outcome depends whether the receiver 
manufacturer has to provide the screening. 

This example also illustrates the need for 
harmonious co-operation between the tube 
manufacturer and the receiver manufacturer. 
While the latter can control receiver perfor-
mance, the intrinsic properties of the tube are 
outside his influence. In order to protect him-
self, the former may quote values with such 
large margins of safety that the receiver manu-
facturer will be forced either to disregard his 
recommendations or, in some cases, to incur an 
unnecessary expenditure. 

It is the author's belief that the present 
situation on X-radiation is at a critical stage ; 
its disregard may involve some hazards, but if 
carefully controlled it can be kept within -bounds 
with only small additional expenditure. The 
purpose of this paper is to establish a control 
mechanism. 

4. X-itafliation Properties of Cathode-ray 

Tubes 

4.1. Preliminary selection 

The first difficulty encountered in the assess-
ment of X-radiation from cathode-ray tubes is 
the large variation in performance between 
individual tubes. Any specification, if it is to 
have practical application in mass production, 
must cover a large number of tubes; the 
smallest range must cover at least tubes released 
under the same type number. For this reason, 
before the final assessment is attempted, it is 
necessary to carry out at least some of the 
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measurements to be described, over a long 
period of time. On the basis of these measure-
ments it should be possible to determine the 
extent of variations and the range of tubes to 
be included in one specification. Since B.S.415 : 
1957 clearly states that: "The X-radiation from 
any equipment . . . , shall nowhere exceed 
0.5 mr/h when measured on the outside surface 
of the equipment housing," the specification 
should be prepared on a sample of tubes from a 
production line which is known to be most 
abundant in X-radiation. The measurements 
should be carried out at a point on the cathode-
ray tube which will produce maximum radiation 
on the surface of the receiver. 

4.2. Geometric distribution of X-radiation 

The distribution of X-radiation on the surface 
of a modern cathode-ray tube is shown in Fig. 1. 
In contrast with earlier tubes, the amount of 
radiation passing through the screen is negligible 
in comparison with other areas. The area of 
most intense radiation is in the region of the 
face to cone joint. This area coincides with 
transition in glass thickness from a thicker face 
plate to a thinner cone. 

0.14 

HYPOTHETICAL  

CABINET I 
56•11 

30 I 

1 

16.6 L 

0.2 

16.6 

0.2 

MOULD MATCH LINE 

SPLICE LINE 

E.H. T. 16.63 kV 

lb 500,4 A 
AVERAGE TUBE 
ALL VALUES IN % 

Fig. 1. Distribution of X-radiation on the surface of a 
modern tube. 

British Standard 415 : 1957 is in terms of 
radiation on the outside surface of the cabinet. 
For the purposes of measurements this can be 
simulated by a rectangular box large enough to 
enclose the tube. The distribution of X-radia-
tion along the surface of such a hypothetical 
cabinet is also shown in Fig. I. 

For the range of tubes examined experimental 
results indicate absence of any marked 
differences in the level of radiation for various 
planes passing through the tube axis. Although 
the amount of radiation varies from tube to 
tube, the relative distribution remains approxi-
mately the same. For these reasons the data 
shown in Fig. 1 gives, with some accuracy, 
the distribution of X-radiation (on a percentage 
basis) which is valid for a range of tubes. 

4.3. Tube spreads 

The variation in the amount of X-radiation 
produced by a population of tubes can be 
obtained by operating the tubes at a constant 
potential and current, and reading the dose-rate 
on an instrument whose distance is fixed in 
relation to the tubes. 

However, more informative results can be 
derived by some reorganization of the experi-
ment. In order to put the readings on an 
absolute basis a calibrated X-radiation monitor 
is required. The instrument used by the author 
is described in Appendix 2. By placing the 
pick-up device on the surface of the hypothetical 
cabinet on the area of maximum radiation, 
results are obtained which are of direct interest 
to the user. Further improvement can be 
introduced by keeping the beam current constant 
and adjusting the potential until the X-ray 
monitor registers 0.5 mr/h—the permissible 
dose-rate. 

As mentioned before, the final specification 
should be prepared on a production line sample 
of tubes within the range considered and which 
is particularly abundant in X-radiation. Since 
the assessment can be carried out only on a 
statistical basis, the sample must be a large one, 
at least 100 tubes. A convenient way to display 
the results is to plot them in the form of a histo-
gram which gives number of tubes reaching 
0.5 mr/h at various potentials. 

A moment of reflection will show that at 
low potentials the level of radiation will be 
such that all the tubes will be below the permissi-
ble dose-rate, while at high potentials all tubes 
will be radiating in excess of 0-5 mr/h. Therefore 
there is some justification for a "cumulative" 
type of plot. The discussed graph can be 
converted into the new type by a running 
summation of the number of samples. Specially 
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ruled papers are available, used by statisticians, 
which are admirably suited to these purposes. 
An example may illustrate the problem under 
consideration more clearly. 

100 
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63 60 

0 50 
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40 
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20 

10 

o 
17.0 17.5 18.0 18.5 19.0 19.5 20.0 70.5 

E.11 T. kV 

Fig. 2. (a) Histogram of X-radiation from a sample of 
98 cathode-ray tubes. (b) Cumulative graph. 

In Fig. 2 are shown results 
of measurements made on a 
sample consisting of 98 
tubes. The histogram is 
plotted as curve (a), and the 
cumulative curve as (b). In 
Fig. 3 the results of Fig. 2(b) 
are shown on arithmetic 
probability paper. The 
scales of this paper are so 
arranged that a normal dis-
tribution (Gaussian distribu-
tion) appears as a straight 
line. Note a large scale 
expansion for very small 
and very large percentages. 

Taking into account all 
the factors mentioned up 
to now, the results in 
the form of Fig. 3 state 
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that the X-radiation from a large sample of 
tubes covered by the specification should not be 
greater than stated in the graph, and this is the 
maximum radiation that can be measured on the 
receiver surface. It also gives, directly, informa-
tion as to the number of tubes at any potential 
which may exceed the safe dose-rate when 
operated at lb = 500 ILA. 

At this point the validity of 500 i/A may be 
questioned. The current passing through the 
tube under normal operating conditions is a 
variable quantity and therefore a source of 
doubt and argument. However, it will be shown 
later that further computations can provide a 
satisfactory answer (Section 6.2). 

4.4. X-radiation variations with potential and 
current 

Theoretically the rate of X-ray production is 
proportional to IZ V 2 

where / = electron current, 

V = applied potential, 

Z = atomic number of the target 
material. 

Measurements carried out on cathode-ray 
tubes show proportionality with beam current 
(Fig. 4), but there is a considerable departure 
from the V 2 relationship (Fig. 5). Several 

X- RA 

lb 500fi. A 

INTENSITY = D. mr/h 

0.01 0 I 0.2 65 2 5 10 20 30 40 50 60 70 80 90 95 

% OF TUBES EXCEEDING O. 5 mr/ 
98 99 99.8 99.9 

Fig. 3. Cumulative graph of X-radiation from cathode-ray tubes 
plotted on arithmetic probability scale. 
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factors contribute to this situation. At low 
potentials there is a doubt as to the validity of 
the square law. The absorption of bulb walls is 
a function of X-ray wavelength, and therefore 
of applied potential. The attenuation of 
heterogeneous radiation is accompanied by a 
process of filtering, i.e. radiation of shorter 
wavelengths is less attenuated than that of 
longer wavelengths. On this basis the effective 
"bandwidth" of radiation passing through the 
walls of the tube increases with increase in 
e.h.t., and hence there is an increase in the rate 
of energy flow. 

Measurements made on large samples of 
tubes show some variation in the amount of 
X-radiation as a function of potential. The 
results shown in Fig. 5 were obtained from an 
average tube selected from the group used to 
produce results in Fig. 3. For this tube 0.5 mr/h 
is developed at 18.63 kV which corresponds 
with the value for 50 per cent of tubes in Fig. 3. 

4.5. Long term stability 

Proposed information on the X-radiation 
performance of cathode-ray tubes consists of: 
intensity distribution on the surface of the tube 
(Fig. 1), spread due to tubes (Fig. 3), variation 
with current (Fig. 4), and with potential (Fig. 5). 
The information should cover at least one type 
of tube, and be prepared on tubes taken from 
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Fig. 4. X-radiation as a function of beam current. 
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Fig. 5. X-radiation as a function of applied potential. 

a production line known, from previous measure-
ments, to be specially abundant in X-radiation. 
These data are comprehensive and should answer 
many questions posed by the receiver designer. 

By releasing this information the tube manu-
facturer takes on responsibility for tube per-
formance. If it is to be effective it must be 
supported by measurement during the produc-
tion run. There should be a continuous check 
on tube spreads (Fig. 3) and an occasional check 
on the lines of Fig. 1 and Fig. 5. 

From a long-term point of view, the tube 
replacement poses a difficult problem. Every 
effort should be made to see that tubes reaching 
the replacement market do not constitute a 
greater radiation hazard than the original tubes. 

5. Properties of E.H.T. Supplies 

5.1. Regulation 

If the e.h.t. potential at zero beam current is 
V0, then at a current lb passing through the tube 
it is expected to be V = Vo — Rib, where /21 
is the internal resistance of the supply. The 
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value of Ri is determined by the line time-base 
design; for time-bases used in this country 
it varies between 5 megohms and 10 megohms, 
and for stabilized time-bases (coming into use 
on the Continent) it can be between 1 megohm 
and 4 megohms. For the purposes of computa-
tion the minimum value of R, is required. 

5.2. Design value 

Since the e.h.t. value is a function of beam 
current passing through the tube, there is some 
confusion when it is specified on its own. In 
order to resolve the difficulty, at least one tube 
manufacturer specifies tube ratings at zero 
beam current, irrespective of e.h.t. regulation. 
In this paper the above interpretation is used. 

Television receiver design in this country is 
based on the design centre rating system. 
Roughly, it implies that with nominal com-
ponents, valves and mains input, the receiver 
must be operated within the valve (and tube) 
manufacturers' ratings. Thus the nominal e.h.t. 
value, which is normally quoted, can vary about 
the mean value. 

5.3. Spreads 

The spreads in e.h.t. can be divided into two 
main groups—those due to components, valves, 
etc., which are within manufacturing controls, 
and those due to variations in the mains voltage. 

Since the amount of X-radiation emitted by 
the cathode-ray tube is particularly sensitive to 
e.h.t. variations, this parameter requires atten-
tion. It is in the interest of receiver manufac-
turers to keep this parameter as constant as 
possible for other reasons, hence this require-
ment is already being met. For the purposes of 
computations to be described a graph of e.h.t. 
spreads is required. 

The Electricity Supply Regulations, 1934, 
permit the supply at a customer's terminals to 
vary by ± 6 per cent from the declared value. 
Wedmore and Flights, investigated the manner 
in which the mains voltage varied in 1934, but 
there is a lack of more recent information. 
They noted that on occasions the mains voltage 
may fall below the nominal but it is very seldom 
above it. In general they found that the varia-
tions in the mains voltage approximate to the 
normal distribution. Since in these considera-
tions the upper limit is of primary importance, 
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it is possible to work on the assumption of nor-
mal spread. 

As the variations in the e.h.t. due to manu-
facturing processes are entirely independent 
of the mains voltage variations, the two can 
be added statistically. In forthcoming discus-
sions it will be assumed that the quoted spreads 
include all possible factors which may be 
encountered in the viewer's home (but excluding 
drops due to Ri). 

In practice, with a receiver designed for 16 
kV, the spreads during production will be 
limited to about ± 1 kV. For the majority of 
receivers used in this country, a 6 per cent change 
in the mains voltage is reflected as the same 
percentage change in the e.h.t. At 16 kV it 
corresponds to 1 kV. Adding these spreads 
statistically, the total spread is 1-41 kV. 

6. Computations 

6.1. Combined effect of spreads 
Specific cases will be quoted here because 

it is felt they illustrate the method of approach 
more clearly than a discussion in general terms. 
Since a graphical approach is considered, the 
proposed method applies equally well to any 
situation and for any form of distribution. 

The simplicity of some of the statistical 
problems is very deceptive. It is recommended 
that whenever possible a qualified statistician 
should be consulted. 

For the purposes of illustration, the spread of 
X-radiation from cathode-ray tubes is taken from 
Fig. 3 and the e.h.t. spread from the previous 
paragraph, that is, 16 kV design value with 
normal spread of 1.41 kV for 30- limits. The 
two spreads are drawn to the same scale in 
Fig. 6. 

Because of overlap between two graphs there 
is a chance that some combination of e.h.t. 
and tubes may produce X-radiation in excess of 
permissible dose-rate. The chance of this 
occurring can be expressed as 

f ab dV 

+00 

f a dV 

X 100 per cent 
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Fig. 6. Cumulative graph of X-radiation from cathode-
ray tubes b = f(V) and e.h.t. spread a = f( V) plotted 
on the same scale. The product ab = f(V) is shown to 

another scale. 

Since only the area of overlap is of any 
interest, it can be redrawn on a large scale and 
from this the curve ab = f (V) can be obtained. 
This curve is also shown in Fig. 6, but to a 
different scale. 

For the case under consideration, the spread 
in e.h.t. is assumed normal, hence 

1 (16 — Vyl 
a = N exp[I  a 

where V = applied potential in kV 

a = spread in e.h.t., 1-‘311 -- 0.47 kV 

N is a constant, in this case unity. 

Substituting 
a -- exp - 2.27(16 - V)21 

The values of b = f(V) are obtainable from 
Fig. 3. The computation of ab = f(V)is shown 
in Table 1. 

The area under the curve a = f(V) is 

+,0 

fadV-- Na 27r 

—co 

From the graph N = 200 mm o- = 9.42 mm 
(taking in Fig. 6 one division as 10 mm), 
hence the required area is 4,720 mm2. The area 
under the curve ab = f (V) must be taken from 
the graph, and this was found to be 2,375 mm2, 
but unity on scale a = f (V) corresponds to 
4 x 10 -4 on the scale for ab = f (V), hence the 
sought area is equal to 0.95 mm2. The required 
answer is : 

0.95 
— x 100 or about 0.02 per cent 
4720 

It will be recollected that a = f (V) applies 
to the beam current of 500 [LA therefore b 
f (V) must also be at the same beam current. 
The above example states that in a large sample 
of television receivers operating at 16 kV and 
500 RA, (R1 = On; 30- = 1.41 kV) there will be 
not more than 0.02 per cent of sets with X-
radiation in excess of 0.5 mr/h. 

Repeating the above calculations for various 
values of e.h.t. and spread a universal set of 
graphs may be obtained as shown in Fig. 7. 

6.2. effect of e.h.t. regulation 

Since the amount of X-radiation produced 
by a cathode-ray tube is proportional to the 
beam current, graphs in Fig. 4 and 5 can be 
combined in one graph as shown in Fig. 8. 

Table 1 

Calculation of ab = f( V) 

V, kV 

a 

16.6 16-8 17-0 

.441 .234 103 

17.2 17-4 17.6 17.8 

-038 .012 .003 -00064 

b x 10-3 -24 -80 2.4 

ab x 10-4 1.05 1.87 2.48 

6.6 17 37 75 

2.5 1 -98 1-1 -48 
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Fig. 7. Probability of number of receivers exceeding the 
permissible dose-rate of 0-5 mr/h as a function of 
e.h.t. potential and with e.h.t. spread (30- limits) as 

parameter. 

Considering an e.h.t. of 18 kV (say) and R, of 
10 megohms, then at 4=50 [LA it is only 17.5 
kV, at lb = 100 [.i.A it is 17 kV and so on. By 
plotting these points in Fig. 8 for various values 
of R, the effect of e.h.t. regulation is clearly 
demonstrated. 

One interesting fact emerges from inspection 
of Fig. 8. The maximum X-radiation does not 
coincide with the maximum beam current. For 
each value of R, there is a specific value of beam 
current for maximum radiation. This value lies 
well within magnitudes encountered in practice. 
Figure 8 therefore furnishes the answer as to 
the choice of beam current for the purposes of 
calculation of maximum X-radiation from 
television receivers. 

6.3. Computation of number of receivers exceed-
ing permissible dose rate 

In these calculations it is assumed that the 
tubes employed are those covered by specifica-
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16 

tions in Figs 1 to 5, and the e.h.t. spreads are 
normal. If either of these factors is different, 
a new set of results must be prepared for Fig. 7. 

Again a practical example will be used. A 
television receiver under development is to be 
operated at 17 kV, design centre rating, the 
e.h.t. regulation is expected to be 5 megohms 
minimum, spread normal and 1.41 kV for 3o 
limits, and the maximum average beam current 
500 itA. Plotting the e.h.t. regulation in Fig. 8, 
(starting at 17 kV), it is found that maximum 
radiation occurs at about 15011A (Fig. 8, point 
A). Calculations in Fig. 7 are made for L, = 
500 p.A. Hence either Fig. 8 needs to be recal-
culated or the e.h.t. so adjusted as to keep the 
dose-rate constant. The latter can be done just 
by drawing a horizontal line through the point A 
to intersect lb = 500 tLA parameter. Thus the 
effective value of e.h.t. is read as 15.3 kV. 
Referring now to Fig. 7, a point is sought cor-
responding to 15.3 kV and 3a = 1.41 kV. As 
the value sought is off the scale, it may be 
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e.h.t. spread, kV 0.0 0.5 1.41 2.12 3.0 

% of sets exceeding 0.5 mr/h 2.6 3.5 6-4 11.0 16 

e.h.t. spread, kV 

% of sets exceeding 0-5 mr/h 

concluded that the proportion of receivers 
radiating in excess of 0.5 mr/h will be well 
below 0.01 per cent. 

In Table 2 are shown results of calculations 
covering theoretically possible modes of tube 
operation. The first column in Case A is the 
only one applicable to receivers designed in this 
country. 

6.4. Adjustments to another dose-rate 

The calculations can be easily adjusted to any 
future changes in the permissible dose-rate. 
Assuming that there is a reduction from the 
existing value of 0.5 mr/h to 0.1 mr/h, this 
alteration is reflected in Fig. 5 as a reduction 
in e.h.t. from 18.63 kV to 17.3 kV, a difference 
of 1.33 kV. This implies that in Fig. 6 the 
function b = f ( V) should be shifted to the 
left by that amount. Since Fig. 7 was prepared 
in terms of variable e.h.t., it is more convenient 
for the function b = f(V) in Fig. 6, to remain 
unchanged and for the function a = f(V) to 

move to the right by that amount. For the 
case discussed in section 6.3 (e.h.t. = 17 kV, 
Ri min. = 5 megohms, spread 1.41 kV, effective 
e.h.t. = 15.3 kV) it was found that not more 
than 0.01 per cent of receivers were exceeding 
0.5 mr/h. If the dose-rate is lowered to 0.1 mr/h, 
1.33 kV must be added to the effective e.h.t., 
making a total of 16.63 kV. From Fig. 7 the 
point defined by this potential and the spread 
of 1.41 kV corresponds with 0.3 per cent. Thus 
changing the permissible dose-rate from 0.5 
mr/h to 0.1 mr/h increases the number of 
receivers exceeding it from well below 0.01 per 
cent to 0.3 per cent. 

6.5. Maximum X-radiation 

So far only the proportion of receivers radiat-
ing in excess of the limit dose-rate has been 
calculated. It is of interest to find the level of 
radiation for a limiting case. Table 2, Case E, 
shows that for receivers designed for 18 kV, 
R, = 1 megohm, and 2.12 kV spread (effective 

Table 2 
X-radiation within theoretically possible modes of tube operation. 

CASE A 

16 kV Design Centre, Ri=5 Mû. Maximum radiation occurs at 150 pA, effective e.h.t. 14.35 kV. 

e.h.t. spread, kV 1.41 2-12 3.0 4.0  

% of sets exceeding 0.5 mr/h - 0.012 0.16 

CASE B 

16 kV Design Centre, Ri=1.0 M û. Maximum radiation occurs at 500 ILA, effective e.h.t. 15.5 kV. 
4-0  

1.6 

1.41 2.12 3.0 

0.03 0.34 

CASE C 

18 kV Design Centre, Ri=5 Mû. 

e.h.t. spread, kV 

% of sets exceeding 0.5 mr/h 

Maximum radiation occurs at 150 p.A, effective e.h.t. 16.25 kV. 

1.41 2.12 3.0 4.0  

0.06 0.45 2.0 5.0 

CASE D 

18 kV Design Centre, Ri=-3 Mû. Maximum radiation occurs at 250 pA, effective e.h.t. 16.65 kV. 
e.h.t. spread, kV 0-0 0.5  

% of sets exceeding 0.5 mr/h 0-03 0.10  

CASE E 

1.41 2.12 3-0 4.0 

0.35 1.50 4.2 8.5 

18 kV Design Centre, Ri=1.0 Ma. Maximum radiation occurs at 500 A, effective e.h.t. 17.5 kV. 

4.0 

20 
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6.6. Computation of the required attenuation 
In the previous section it was found that not 

more than 11 per cent of sets were exceeding 
the limit dose-rate of 0.5 mr/h and 0.01 per 
cent of sets were exceeding the dose-rate of 
6 mr/h. If it is desired to reduce the level of 
radiation so that not more than 0.01 per cent 
of sets are exceeding the permissible dose-rate 
of 0-5 mr/h, the required attenuation is 6/0-5 
or 12 times. 

6.7. Shielding 
Assuming that a need for shielding is estab-

lished, the problem is how this can be achieved. 
The results in Figs. 1 to 5 apply to the area of 
maximum radiation on the surface of a hypo-
thetical cabinet. Normally a larger cabinet than 
the hypothetical will be used, but this can be 
neglected. If the cabinet is of wood or plastic, 
the transmission of these materials is so high 
that its effect can also be neglected. 

Considering the case discussed in the previous 
section, the required attenuation is 12 times or 

03 100 

Fig. 9. X-radiation transmission graphs for various 
materials. 

e.h.t. = 17-5 kV), not more than 11 per cent of 
sets will exceed the limit dose-rate of 0.5 mr/h. 
If the limit is set at 0.01 per cent, what is the 
level of radiation ? Referring to Fig. 7 the 0.01 
per cent level crosses the 3a ----- 2.12 kV para-
meter at 15.2 kV. The difference between the 
effective e.h.t. and this potential is 2.3 kV. Now 
in Fig. 5 an average tube is producing 0.5 mr/h 
at 18.63 kV, therefore at 18.63 + 2.3 = 20.93 
kV it will be radiating 6 mr/h. Hence for this 
particular case it may be concluded that not 
more than 0.01 per cent of receivers will exceed 
6 mr/h. 

Although the dose-rate is well in excess of the 
permissible value, it can be produced by less 
than 0.01 per cent of receivers. However, this 
example indicates that in an extreme case the 
level of radiation can be very high, and there is 
a need to limit it. With the reduction in the 
percentage of receivers exceeding the permissible 
dose-rate, the radiation rate of the limit receiver 
will also fall. 
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down to about 8 per cent. Examination of 
Fig. 1 shows that the screen area of the cathode-
ray tube is quite safe, but the sides and the back 
of the cabinet must be shielded. In Figs. 9 
and 10 attenuation graphs for several materials 
are given for X-radiation at 20 kV. From these 
it can be seen that 2-1 mm of aluminium will 
be required, but only 0-08 mm of iron and 0-023 
min of lead. It is interesting to note that the 
attenuation of lead monoxide is nearly as good 
as of lead, and a layer of 0-03 mm will be 
sufficient. On this basis a good layer of white 
lead paint could be used. No doubt other 
suitable materials can be found. 

Because of rapid reduction of attenuation 
with reduction in wavelength (and increase of 
potential), the materials should be examined at 
the highest potentials at which the receiver is 
expected to operate. 

7. X-Radiation from E.H.T. Rectifier under 
Fault Conditions 

It has been found that an e.h.t. rectifier, 
which is completely satisfactory under normal 
operating conditions, can be a source of intense 
X-radiation under fault conditions. Such a 
situation occurs when the heater of the valve 
becomes open-circuited and the bias on the 
cathode-ray tube is adjusted to be within its 
grid base. The tube provides a d.c. path which 
holds the cathode of the rectifier at or near the 
chassis potential. The amount of cold emission 
from the cathode is sufficient to produce a 
radiation level well in excess of the permissible 
dose-rate. On one type of rectifier, operated 
on the limit for the peak inverse voltage, dose-
rates up to 20 mr/h (limit 0-5 mr/h) were 
measured at a distance of 6 inches. 

In so far as the average viewer is concerned it 
is doubtful whether he will have the receiver 
running for any length of time without the 
picture on the tube. The main concern is thus 
for the service engineer. Apart from provision 
of satisfactory screening, it may be possible to 
recommend to the trade to begin fault tracing 
when justifiable by checking the e.h.t. rectifier 
for heater continuity. 

8. Conclusions 

This paper establishes the possibility of X-ray 
emission from cathode-ray tubes and e.h.t. 

rectifiers incorporated in television receivers. 
At least on the samples of tubes discussed, it 
has aimed to show that the X-radiation situation 
is a border line case; its neglect may involve 
certain hazards, yet some control can keep it 
within bounds. 

In developing the methods of control par-
ticular attention has been directed to the 
interests of both the tube and the receiver 
manufacturer. However, it is possible to 
separate the control requirements of the parties 
concerned. The specifications for cathode-ray 
tubes provide data on physical characteristics of 
X-radiation. The form of presentation is 
largely independent of operational conditions, 
and yet readily adaptable for further analytical 
processing by the receiver designer according 
to his own requirements. The outlined com-
putations are simple and can be applied at the 
design stage. Since the factors governing the 
rate of X-ray emission are defined, it should be 
possible to adjust the design for minimum 
radiation. 

Measurements of X-radiation on a completed 
receiver is a difficult task. The method discussed 
points the way in which such measurements 
should be designed. It is believed, in fact, that 
if the tubes and receivers are properly con-
trolled, there is no pressing need for measure-
ments on the finished products. 
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11. Appendix 1: 

Extracts from British Standard 415 : 1957 

The following is an extract from B.S.415 : 
1957 of the complete clause on X-Radiation. 

"X-Radiation from Cathode-Ray Tubes. 

16. The X-radiation from any equipment 
containing electronic devices, such as high 
voltage cathode-ray tubes and rectifying valves, 
shall nowhere exceed 0.5 mr/h when measured 
on the outside surface of the equipment housing. 

Note.—Experience has shown that electronic 
devices, for example cathode-ray tubes and rec-
tifying valves operating at approximately 15 kV 
peak voltage or peak inverse voltage and higher, 
are capable of generating X-rays which can be 
dangerous to the user unless suitable precau-
tions are taken. Although some forms of 
screening may be required, the method of 
protection is left to the designer of the equip-
ment. 

The danger to servicing personnel operating 
such devices without protection may be more 
serious and a suitable warning notice should be 
affixed to the equipment." 

The spirit of the clause is probably reflected 
in the following extract from the same Specifica-
tion, Appendix E "Notes on the requirements of 
the Specification", section on X-radiation. 

480 

". . . The introduction of an X-radiation 
limitation in this edition is intended primarily 
as a warning to designers that there is some 
possibility of danger; it is unlikely that any 
special precautions will be required if the e.h.t. 
does not exceed 15 kV. An implosion guard of 
glass in front of the tube screen would in any 
case introduce a very considerable degree of 
absorption". 

12. Appendix 2: Measurement of X-Radiation 

12.1. Description 

For X-radiation measurements Mul la rd 
Geiger-Muller Counter Tube Type MX 108 
was used in conjunction with Panax Ratemeter 
Type 5054. This instrument has linear response 
and the output is shown on a meter calibrated 
to give 0-400, 0-2,000, 0-10,000 and 0-40,000 
counts/min. 

12.2. Calibration 

The tube was calibrated by the Philips 
Research Laboratories, Eindhoven.9 During 
the calibration the number of counts was 
measured at a constant dose-rate as a function 
of the half value layer as shown in Figure 11. 
The tube was also checked for proportionality 
of counts with dose-rate and, after taking into 
account the dead time, was found to be linear. 

Fig. 11 shows that the tube has a linear wave-
length response up to the half value layer of 
0.5 mm Al (applied potential 20 kV). Since the 
filtration used during calibration was lower 
than that due to the glass envelope of a normal 
television tube, the calibration was extended up 
to 30 kV by introducing the applied potential 
as a parameter. 

The dose-rate calibration of the MX 108 tube 
as a function of the number of counts is shown 
in Fig. 12. This graph covers only the more 
sensitive ranges, and calibration up to 40,000 
c/min are available. 

12.3. Assessment 

Although great care was exercised in the 
selection and calibration of the instrument, it 
can be criticized on several counts. Unfor-
tunately the prospects of development of an 
improved equipment for use in the factory in 
the near future are small. While the presented 
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Fig. 11. Response of MX 108 G.M. Tube as a function of half value layer. 

results could be subject to some errors, they 
certainly are not misleading. In view of the 
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present controversy on the danger of X-radia-
tion from television receivers it was felt that the 
work should be carried out with the available 
equipment and reviewed later, if necessary, in 
the light of new measuring techniques. Natural-
ly, the method of approach outlined in the paper 
is independent of the method of measurement. 

20 13. Appendix 3: X-Radiation Data 

13.1. The Roentgen 
The internationally accepted unit of X-ray 

225 quantity is determined by the ionization pro-
duced in a fixed mass of air and is defined as 
follows: 

"The roentgen shall be the quantity of X- or 
gamma radiation such that the associated 
corpuscular emission per 0-001293 grams of 
air, produces, in air, ions carrying 1 e.s.u. of 
quantity of electricity of either sign", 

The mass of 1 cm3 of dry atmospheric air 
at 0° C and 760 mm of mercury pressure is 
0.001293 gm. The current produced by the 
limit dose-rate in an ionization chamber of 
volume S at a temperature t° C and pressure 
P mm Hg is 

4.62S  t + 273 . 760 273 X 10 -17 amperes. 
P 

13.2. X-radiation spectrum 

Fig. 12. Calibration of MX 108 G.M. Tube. For a "white" radiation the spectrum is of 
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the form shown in Fig. 13. The shortest wave-
length emitted may be found from the formulae: 

12.354  
kV angstrom units min — 

At 20 kV 

k mi. = 0.62 angstrom units 

Depending on the target material and the 
applied potential, the spectrum may have 
narrow bands of intense radiation, called 
"characteristic radiation". 

13.3. Absorption 

For homogeneous radiation the fundamental 
law of absorption is an exponential law, given 
by the formula: 

/ = lo exp ( - pd) 
where ¡n = linear absorption coefficient 

d= absorber thickness. 

The mass absorption coefficient is often used 
and this is the linear absorption coefficient 
divided by the density or it/p. 

Half value layer (h.v.1) is the value d in the 
above equation for a specified substance usually 
Al, Cu, or Pb which attenuates the X-radiation 
by 50 per cent. The absorption increases rapidly 
with wavelength, consequently the longest wave-
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length emitted is a function of the absorption 
properties of the vessel in which the radiation 
is produced. An introduction of an absorber 
in an X-ray beam produces more severe atten-
uation at longer wavelengths than at shorter 
and the beam is "hardened". 

RADIATION 

MIN 

Fig. 13. Wavelength spectrum for "white" radiation. 

Transmissions of several materials for mono-
chromatic X-radiation at 20 kV (X = 0.62 A) 
are shown in Figs. 9 and 10. 

13.4. Background radiation 
The natural background radiation level in 

London is 0.013 mr/h (British Journal of 
Radiology, May 1956). 

Points from the discussion on this paper will be 
published in a subsequent issue of the Journal. 
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SECOND INTERNATIONAL CONFERENCE ON 

MEDICAL ELECTRONICS 

THE second of the International Conferences 
on Medical Electronics was held at the 

Unesco building in Paris from June 24th to June 
27th;* over 400 delegates attended from seven-
teen countries. Associated with the conference 
was an exhibition of commercial medical elec-
tronics apparatus together with demonstrations 
of scientific equipment. 

The conference was opened by M. Anjaleu of 
the French Department of Public Health, who 
invited representatives to give reports on the 
progress of medical electronics in their respec-
tive countries. The opening session concluded 
with five special lectures by speakers from Ger-
many, France, U.S.A. and Great Britain, one 
of which, on "Automation in Medical Re-
search," was given by Mr. W. J. Perkins (Chair-
man of the Institution's Medical Electronics 
Group). Over 150 papers were presented in the 
following sessions covering Biochemistry, 
Manometry, Physiology, General Medicine, 
Electroencephalography, Respiration, Com-
puters, Cardiology, Oculography, Ultrasonics, 
Radiology and Obstetrics. Five of the papers 
were given by members of the Institution, as 
follows : — 

K. Copeland (Associate Member): 
"Instruments for stimulating and recording 
in conjunction with microelectrodes." 

H. W. Shipton (Associate Member): 
"A photographic averaging technique for 
the study of evoked cortical potentials in 
man"; 
"A multiple point recorder for small animal 
locomotory activity" (as co-author); 
"A simplified averaging technique for the 
detection of evoked cortical responses." 

W. J. Perkins (Member) and E. A. Piper: 
"An analogue computer for protein meta-
bolism analysis." 

The Executive Committee of the Interim 
Committee which was set up in 1958 met at the 
beginning of this year's Conference, and agreed 

* The first Conference was held in Paris from 26th to 
28th June I958—see J. Brit.I.R.E., 18, p. 505, August 
1958. 

t Author of several papers in the Brit.I.R.E. Journal 
on Medical Electronics, notably "A toposcopic dis-
play system applied to neurophysiology" (with W. 
Grey Walter), J. Brit.I.R.E., 11, p. 260, July 1951. 

to form an International Federation for Medical 
Electronics. As laid down in the draft statutes 
of the Federation, its object is to encourage the 
development and dissemination of knowledge 
in medical electronics throughout the world by 
holding an International Congress at regular 
intervals. Membership is open to any person 
who has a professional interest in medical elec-
tronics, and these members form the General 
Assembly. The control and direction of policy 
is to be vested in a Council comprising two dele-
gates from each country represented in mem-
bership of the Federation. The responsibility 
for the fulfilment of the scientific and business 
obligations is given to an Executive Committee 
elected at the General Assembly. 

At the closing session of the Conference Dr. 
V. K. Zworykin was elected President of the 
Federation, with Professor A. M. Monnier, Pro-
fessor of Physiology at the Sorbonne, Dr. M. 
Marchai, Director of L'Ecole des Hautes 
Etudes, Paris, and Dr. C. N. Smyth, of Univer-
sity College Hospital, London, as Vice-
Presidents. The other officers elected, who 
comprise the Executive Committee, were Dr. A. 
Remond, Centre National de la Recherche 
Scientifique, Secretary, Mr. B. Shackel of E.M.I. 
Electronics Ltd., Treasurer, with Dr. C. Berkley 
of the Rockefeller Institute, Mr. W. J. Perkins, 
of the National Institute of Medical Research 
(the Brit.I.R.E. representative), and Dr. R. C. G. 
Williams of Philips Electrical Ltd. (the I.E.E. 
representative). The two delegates put forward 
by the British delegation to represent them on 
the Council of the Federation were Professor R. 
Woolmer of the Royal College of Surgeons, and 
Dr. A. Nightingale of the Physics Department 
of Guy's Hospital. After some discussion a pro-
posal to arrange a Congress in London in 1960 
was finally agreed. 

The British delegates to the International 
Federation are still considering the formation of 
a British National Committee. Meanwhile, they 
have formed a provisional group with Professor 
Woolmer as Chairman and Dr. Nightingale as 
Secretary; Mr. W. J. Perkins is also a member 
of the Committee of this Group. An invitation 
has been received from the U.S.S.R. to hold the 
1961 Congress in Moscow. W. J. P. 
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Technical Information 

Aslib Electronics Group 

Just over a year ago the Engineering Group 
of Aslib decided that an Electronics Group 
should be formed. The membership has now 
grown to a total of 175, of whom 147 are in the 
United Kingdom and 28 abroad; the Institution, 
which has been a member of Aslib for a number 
of years, has affiliated to this new Group. 

The first annual report of the Group states 
that in the first instance the Steering Committee 
of the Group concentrated on ascertaining what 
activities, not of interest to the general member-
ship of Aslib, but useful to members of the 
Electronics Group could be undertaken success-
fully. Meetings have been held on problems of 
information retrieval and machine translation, 
and a "Handlist of Basic Reference Material" 
was prepared. 

Future activities which are being considered 
include a survey of the extent and adequacy of 
published abstracts relating to the field of elec-
tronics and an investigation of internal abstract 
bulletins. Systems of classification used by 
members of the Group wi3 be studied and a 
survey made of existing book lists, accession 
lists, etc. Co-operation between libraries of 
Group members and exchange of information on 
the preparation of translations are other matters 
being discussed. 

D.S.I.R. Technical Digests 

Between 1954 and 1957, the Department of 
Scientific and Industrial Research published a 
series of Technical Digests based on interesting 
ideas appearing in British technical literature. 
This was intended as an experimental attempt 
to assist industry to deal with the vast current 
output of technical literature. When the experi-
ment ended, requests were received from 
readers for the continuance of the Digests in a 
more permanent form. Publication of the 
Digests is now restarting on a subscription basis. 

Initially, the new series will be based on the 
reading of some 300 British scientific and tech-
nical journals. As facilities permit, the coverage 
will be extended to any other suitable technical 
literature. The technical scope of the Digests 
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will be as wide as possible, from major plant or 
processes down to the simplest workshop gad-
get. Although based primarily on the latest 
technical developments, older ideas of interest 
will not be excluded. 

For convenience, each item will be printed 
on a separate loose sheet. The Digests will give 
the essential details in simple terms, with 
reference to the original article for readers seek-
ing fuller information. A monthly pack of about 
15 items will be distributed for an annual sub-
scription of £3 3s. Od. (including postage). 

R.I.C. Specifications and British Standards 

Specifications, published by the Radio 
Industry Council over the period 1949 to 1953 
for use by industry with the intention of their 
eventually becoming British Standards, have 
been withdrawn and work is proceeding as 
quickly as possible on their revision and sub-
mission to the British Standards Institution. 

One R.I.C. specification, dealing with electro-
lytic capacitors, has already been revised and 
issued as a British Standard (B.S. 2134). 

Two more Resistors, Fixed, Carbon, and 
Ceramic Capacitors, Type 1—are in the printers' 
hands, and another—Resistors, Fixed Wire-
wound—has been approved by the B.S.I. Tech-
nical Committee. 

Specifications at various stages of preparation 
include Resistors, Variable, Composition; 
Ceramic Capacitors, Type 2; Capacitors, Mica, 
Fixed; Climatic and Durability Testing; Capaci-
tors, Metallised, Paper Fixed; R.F. Cables; 
Valveholders; Screening cans for valves; Resis-
tors, Variable, Wirewound; Capacitors, Vari-
able; Connectors; Transformers; Cartridge 
Fuses; Wafer Switches; Toggle Switches; Ter-
minals; and Ceramic Insulators. 

The Radio and Electronic Component Manu-
facturers' Federation and the British Radio 
Equipment Manufacturers' Association, both 
constituent associations of the R.I.C., and the 
Electronic Engineering Association, are all con-
cerned in progressing the new specifications. 
Representatives of the Institution also serve on 
these B.S.I. Technical Committees. 
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Phosphors for Cathode-Ray Tubes in Industrial and 
Low Scanning Speed Display Systems t 

by 

M. D. DUDLEY, M.B.E., B.SC.t 

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

Summary: Cathode-ray tube displays for industrial television, radar and facsimile 
systems need phosphors having a very wide range of colour, texture and persistence. 
The characteristics of these phosphors are discussed, with particular emphasis upon 
those for use in high-resolution and low scanning speed displays. A recently developed 
combination of phosphors enables images to be stored for several minutes before 
presentation by controlling the persistence with infra-red radiation. 

I. Introduction 

Three main classes of cathode-ray tubes are 
used in picture or image-forming telecommuni-
cations instruments, such as television, radar 
and facsimile transmission equipment. These 
are flying-spot scanners, visual displays and 
special tubes for the photography of the re-
ceived image. It is the purpose of this paper 
to discuss some aspects of the choice of the 
phosphor in each cathode-ray tube, dealing in 
particular with scanning speeds lower than 
those commonly met with in television practice. 

Flying-spot scanners are generally of two 
types, depending upon whether the object to be 
scanned is transparent (diascope scanning) or 
opaque (episcope scanning). Television and 
radar simulation systems usually employ a 
diascope arrangement, since transparent photo-
graphic films or plates are a normal and con-
venient source for transmission. For this pur-
pose the colour of the phosphor is of little 
significance, provided that the light from it can 
be adequately detected by the photo-multiplier. 
Facsimile and other systems at present being 
examined may be required to accept printed 
matter of relatively low reflectivity and contrast 
range; such materials, which usually appear 
white, may in fact reflect little light at the ends 
of the visible spectrum, and therefore the 
dominant colour and efficiency of the phosphor 

t Manuscript received 1st May 1959. (Paper No. 
514.) 

Ferranti, Ltd., Gem Mill, Chadderton, Oldham, 
Lancashire. 
U.D.C. No. 621.385.832:661.14:621.397.1/2 

must be taken into consideration as will the 
persistence, or excessive noise will be intro-
duced into the system. 

2. Properties and Applications of Different Types 
of Phosphor 

Figure 1 summarises the dominant hue and 
persistence of the commonly used phosphors 
and shows the relationship of those suitable as 
flying-spot scanners. It is found that those 
materials with the shortest persistence such as 
Ackermanite, which are deep violet in colour, 
are generally unsuitable for episcope scanners 
owing to the low reflectivity of the subject 
material. An interesting exception to this state-
ment, however, occurs in a radar map injection 
system introduced recently by Decca: in this 
system the image of an extreme-violet scanner 
tube is projected by means of a lens on to a 
large Perspex block, to the corners of which are 
attached photomultipliers. Writing in white ink 
on the reverse surface of the block produces 
internal scattering of ultra-violet light from the 
scanner tube, which is then guided by the shape 
of the block to the photocells at the corners. 

In another form of this equipment, installed 
chiefly in closed-circuit airfield communications 
systems, the scanning tube is also used for 
receiving purposes, and may be up to 21-in, in 
diagonal. When receiving, the extreme violet of 
the phosphor is unpleasant to observe for any 
length of time, but becomes tolerable, or even 
pleasant, with the addition of a relatively small 
proportion of phosphor emitting in the orange-
yellow and possessing relatively long persistence. 

Journal BrUIRE.. August 1959 

D 

485 



M. D. DUDLEY 

By means of well-known types of compensa-
tion networks it is frequently possible to use 
phosphors with much longer persistence than 
would seem reasonable at first glance : for 
example, the decay time of zinc oxide phosphors, 
about one microsecond, is quite large compared 
with the time taken to change from black to 
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scale batches of consistent quality are manu-
factured, and the c.r.t. manufacturer is thus able 
to exert precise control of the phosphor deposi-
tion process. Green and yellow zinc sulphides 
are also commonly available and might be used 
should the reflectivity or contrast of the scanned 
surface benefit from their choice. 
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ACKERMANITE, CALCIUM ALUMINIUM 
SILICATE (Ce) 

2. BLUE-GREEN ZINC OXIDE ( Zn) 

3. ZINC SELENIDE (Cu) 

4. ZINC SULPHIDE (Cu, Co) 

S. ZINC SULPHIDE (Ag) 

6. ZINC SULPHIDE (Cu) 

7. ZINC SULPHIDE (AI Ag) 

8. ZINC-CADMIUM SULPHIDE (Cu) 

9. CALCIUM MAGNESIUM SILICATE (Ti) 

10. WILLEMITE, ZINC ORTHOSILICATE (Mn) 

II. CADMIUM CHLOROPHOSPHATE (Mn) 

12. ZINC PHOSPHATE (Mn) 

13. MAGNESIUM FLUORIDE (Mn Zn Ni) 

14. ZINC CADMIUM SULPHIDE (Cu) 

IS. CALCIUM SILICATE (Mn Pb) 

16. MAGNESIUM FLUORIDE (Mn) 

17. ZINC SULPHIDE (Ag) AND ZINC CADMIUM 
SULPHIDE (Cu) 

18. BERYLLIUM CALCIUM FLUORIDE (Mn) 

19. POTASSIUM MAGNESIUM FLUORIDE (Zn 

PERSISTENCE IN SECONDS TO I% 

persistence of phosphors commonly used in cathode-ray tubes. 

white in a television system. Nevertheless, 
satisfactory bandwidth can be achieved without 
excessive noise and the colour is generally 
suitable for systems operating by reflected light. 

When the scanning rate is slower than nor-
mally used in television, advantage can be taken 
of the higher conversion efficiency of silver-
activated zinc sulphide phosphors, despite their 
relatively long persistence. Figure 2 shows a 
section of typewritten text reproduced by a 
facsimile system operating at a line repetition 
frequency of 800 c/s, there being eight hundred 
lines per frame. A standard grade of blue 
silver-activated zinc sulphide was used for the 
scanning tube, in order to achieve sufficient 
light output at reasonable values of e.h.t. 
(25 kV) and beam current (40 microamperes). A 
further advantage to be found from the use of 
zinc sulphide in this application is that it is a 
component of the blue-yellow mixture used in 
television receiving tubes. Consequently, large-
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Flying-spot scanning equipment may be re-
quired to operate with red or orange light as, 
for example, might be the case where a silicon 
photo-voltaic cell or solar battery is to be used 
as the detecting agent in a transistorised instru-
ment. Recently-developed zinc selenide phos-
phors provide good light output combined 
with a persistence intermediate between the 
zinc oxides and zinc sulphide class (see Fig. 1). 
Zinc selenides may thus be of some considerable 
future interest. 

The preparation of white or panchromatic 
scanning tubes for use in the colour-photo-
graphic industry has been undertaken, and some 
difficulties have appeared during this work, 
because it is not easy to control a mixture of 
phosphor components possessing differing phy-
sical and chemical properties. In the first place, 
the individual crystals comprising the screen 
appear to be "clumped" in groups having the 
same dominant colour, and this causes each 
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suing the tnurnbir of the lens 
In any actual lens the amount of light that goe.4 thrc;ugh 

is limited by the edges of the lens and the metal work of 
the mount. The amount of light getting through depends on 
the actual path that the light takes inside thc lens. and thls 
depends in turn on the position of the object point 
from which it comes. When the object point is away from 
the lens axis the calculation of the amount of light going 
through is apt to be complicated. As a result the only 
straightforward way Is to deal with the light passing power 
of a lens when the light is a parallel beam coming from a 
point at infinity on the lens axis. The amount passed through 
when the object point is nearer the lens, and stilt on the 
axis, Is slightly less than the amount passed through by the 
lens when the object point is at infinity, but in dealing with 
depth of field this difference can be neglected. 
When the light arriving at a lens is a parallel beam from 
a point at Infinity the path of the largest diameter beam that 
vets throueh the tton It thenvn nn n I Th. 1%.11,11 trees Into 

Fig. 2. Text reproduced by a low-speed facsimile 
system, recording directly upon document printing 

paper, 800 lines per frame, one frame per second. 

monochrome channel to possess a granular 
appearance if a sharp image is required. The 
resolution provided by normal television re-
ceiving tubes is not sufficient for colour grains 
to be objectionable, but the effect is readily seen 
on close examination of the screen. 

Finely milled phosphors, deposited under 
closely controlled conditions, show a consider-
able improvement in texture and consequently 
white scanning tubes can now be made to 
produce acceptable results in certain circum-
stances ; so far as the writer is aware, however, 
they have not been used for colour television 
transmission purposes. It is worth remarking 
at this point that the use of a phosphor com-
bination of three components, intended to 
produce full spectral coverage in the visual 
range, provides a more pleasing television 
picture than does the two-component phosphor 
at present used in all television receiving tubes. 

3. Requirements for Photographic Displays 

Generally speaking, photographic materials 
are exposed most satisfactorily by phosphors 
having high light output and short persistence, 
consequently the zinc sulphides are most widely 
used for this purpose. Blue or blue-green zinc 
sulphide phosphors are almost universal for 
photographic recording. Here again, the quality 
of texture and freedom from blemishes depends 
to some considerable extent upon reliable 

batches of phosphor being available to the tube 
manufacturer. The facsimile example in Fig. 2 
has been recorded directly on to a thin, cheap 
form of photographic paper intended for dupli-
cation purposes, one frame only being required 
to produce adequate exposure. It is possible, at 
a much lower writing speed, to record directly 
upon sensitized paper which requires no further 
chemical treatment. A blue zinc sulphide, 
activated with aluminium, has been used in a 
recording tube for this purpose. 

As the resolution of a display system is in-
creased, the presence of phosphor defects, 
particularly those of the photographic display 
tube, become increasingly apparent. This has 
led to the development of several carefully 
controlled deposition techniques, the object of 
which in each case is to provide a dense phosphor 
layer of controlled particle size and thickness, 
free from phosphor mounds, dirt or voids. 
Very thin layers can now be prepared which will 
yield spot sizes about 0.0005-in. in diameter 
without excessive halation due to refractions 
within the layer. In order to achieve spot sizes 
smaller than this, however, homogeneous phos-
phor coatings formed by evaporation are re-
quired, and the techniques for preparing these 
are being developed at the present time, notably 
by Feldman in the United States. We may 
expect that such evaporated materials will pro-
vide the means for the photography of c.r.t. 
images completely free from the presence of 
phosphor blemishes, and there are indications 
of success in this direction. The use of a trans-
parent phosphor on a dark background may be 
expected also to assist in the removal of halation 
due to internal reflections in the face of the tube. 

4. Requirements for Visual Displays 

The visual presentation of an acceptable 
picture from a low-speed scanning system (i.e., 
one operating at less than 50 frames per second) 
is a problem which is but partly solved at the 
present time, and in some cases the trend is to-
wards the avoidance of low-speed displays alto-
gether. In their place the image is stored and 
represented as a continuous picture by means of 
chemical or electronic storage. Such systems 
as employ direct-viewing electronic storage 
tubes suffer from a great increase in cost and 
complexity, together with a limitation of 
picture size to about four inches across at the 

487 

August 1959 



M. D. DUDLEY 

present time, although tubes much larger than 
this are being developed. Indirect storage 
systems have also been devised, containing elec-
tron storage surfaces by means of which low-
speed scanning systems can be converted to 
normal television standards. These, too, involve 
much additional complexity, together with some 
loss of definition. They offer the advantage, 
however, of a bright, relatively flicker-free pic-
ture, which can be readily displayed at a num-
ber of points by using ordinary television moni-
tors. Chemical storage devices include means 
by which the incoming signal is photographed 
and processed immediately, followed by pro-
jection by ordinary optical methods. 

By far the most widely used method of visual 
presentation is still the direct-view cathode-ray 
tube, using a long-persistence phosphor when 
the frame repetition rate falls below 50 frames 
per second. At speeds between 5 and 50 
frames per second, flicker becomes very apparent 
and can cause both discomfort to the operator 
and apparent loss of resolution in the display. 
Phosphors based upon magnesium or potassium-
magnesium fluoride appear at the present time 
to be the only possible choice in these applica-
tions because they show the least decay in the 
first few milliseconds after removal of excitation. 
The standard materials in this range, however, 
have a persistence which may be found too long 
for use in equipment with a frame rate faster 
than one per second. 

The art of picture presentation at a frame 
duration between 1 and 10 seconds is suffi-
ciently well known and will not be dealt with 
here, except to mention the common use of 
fluoride phosphors in this country, and in 
America the double-layer combination of zinc 
and zinc-cadmium sulphides, activated with 
copper or silver. In the latter phosphor, the 
long persistence is best shown when the initiating 
energy is radiated in the blue to ultra-violet 
region, there being less afterglow present as 
a result of electron bombardment. Conse-
quently a layer of blue or violet zinc sulphide of 
short persistence constitutes the rear surface of 
the phosphor. A yellow filter removes most of 
the blue flash that always accompanies the trace 
in these tubes ; even so the rapid initial decay 
generally renders double layer combinations 
unsatisfactory as a means for preventing flicker. 
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5. Infra-red Control of Persistence 

An inconvenience which arises from the use 
of both fluoride and sulphide phosphors of very 
long persistence is that successive images, if 
different, will interfere with each other unless 
an interval between presentations of at least 30 
seconds is allowed. This interference is, of 
course, a well-known advantage in some radar 
systems, providing the means by which a 
succession of "paints" from a track across 
the screen indicate the direction of motion of 
the object being observed. Unfortunately, too 
long a persistence causes considerable confusion 
when the range of the radar equipment is 
changed, and it may be helpful to be able to 
erase the afterglow from time to time. It has 
long been known that the afterglow of some 
zinc sulphide phosphors is quenched by infra-
red radiation, and use was made of this principle 
after the war, an infra-red lamp being placed 
over the tube of a radar set while changing 
ranges. Thus, in a low speed system, we may 
use infra-red sensitive phosphors to reduce the 
dead time separating successive images, provid-
ing that the amount of infra-red is kept low 
enough to avoid heating the screen appreciably. 

By the use of the doubly activated zinc 
sulphide (Cu, Pb) a further advantage may be 
obtained from the infra-red technique; this 
phosphor has a natural persistence of many 
hours duration, and consequently its light output 
after the first few seconds is so low as to be 
imperceptible, even in a darkened room. The 
presence of radiated infra-red energy of wave-
length in the region of one micron produces 
marked shortening of the persistence, so that 
the afterglow is released at a greater rate, and the 
image or trace again becomes visible. Thus by 
regulation of the amount of infra-red stimulation 
we may shorten or lengthen the persistence at 
will, the brightness of the afterglow being 
greater as its duration is shortened. Phosphors 
with this type of behaviour were first investigated 
by Franz Urbach in Vienna, and subsequently 
by Fonda and Mason. Unfortunately the zinc 
sulphides do not appear to be as efficient as 
some other materials known, but they do have 
the advantage of being stable in air at high 
temperatures and insoluble in water. Both 
these properties are necessary in a phosphor 
which is to be incorporated in a cathode-ray 
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tube having good performance and a long life. 
The storage property of doubly-activated zinc 
sulphide is best observed when the phosphor is 
excited with ultra-violet, violet or blue light, 
the stored energy re-appearing as a consequence 
of direct electron bombardment. 

In the absence of infra-red, then, an image 
may be stored on a cathode-ray tube screen as 
it is received, and released when required for 
viewing by the operator. During the viewing 
period the level of infra-red radiation may be 
increased steadily to compensate for the decay 
of the phosphor, which of course is exponential 
in the presence of a constant infra-red level. By 
increasing the infra-red radiation at the correct 
rate we may make an attempt to hold the light 
output as nearly constant as possible until 
complete extinction is reached. 

Towards the end of the viewing period the 
signal level, as compared with the background 
which has been stored by the phosphor, has 
weakened considerably, and this distorts the 
contrast range, resulting in the loss of half tones. 
The performance of visual storage phosphors, in 
their present state of development, is roughly 
equivalent to that of a conventional double-
layer screen when the storage material has about 
6 watts of infra-red energy incident upon each 
square foot of its area. Thus a 14-in, type of 
cathode-ray tube, operated at 20 kV e.h.t. and 
fitted with a viewing hood will store a picture of 
one milliampere-second exposure for several 
minutes. Under the effect of controlled infra-
red stimulation the picture may again be made 
visible for about 20 seconds. Figure 3 shows a 
photograph taken from the screen of a 21-in. 
cathode-ray tube during routine testing of the 
storage effect, one minute interval having elapsed 
since the picture signal was removed, the picture 
in this case being derived from a television 
system at normal scanning speed. In passing it 
may be mentioned that both long-persistence 

Fig. 3. 
viewing 

Photograph of stored image on 21 in. direct-
phosphor storage tube. One minute after 

initial reception of the signal. 

zinc sulphides and infra-red stimulated phos-
phors may be deposited upon screens external 
to the cathode-ray tube ; the activating image, 
in blue or ultra-violet light, is then projected by 
means of a lens or Schmidt system. 

6. Conclusion 

Within the last twelve years a wide range of 
c.r.t. phosphors possessing special advantages 
has appeared, and it is now possible to "tailor" 
accurately the colour and persistence or a display 
to meet the requirements of a given system. In 
particular, phosphors can be prepared which 
permit spot diameters of less than one thousandth 
of an inch, and others which provide a con-
siderable measure of information storage. 
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of current interest . . . 

" I cchnical Education" 

This new journal on Technical Education is 
an excellently produced addition to the small 
number of periodicals dealing with this field. 
It is mainly concerned with Technical Colleges 
and Colleges of Advanced Technology, but it 
will, to some extent, cover the work of Universi-
ties, Secondary Modern, Technical and 
Grammar schools, together with technical train-
ing in industry. 

Technical Education is published by Evans Bros. 
Ltd., price 2s. 6d. per month. 

Professional Institutions 

"As a nation we do not, perhaps, take the 
pride we should in our professional bodies. In 
our field the professional institutions not only 
comprise the finest body of qualified people in 
the world, but possess standards of competence 
and efficiency, combined with integrity, which 
exert great influence throughout the Common-
wealth. In technical education we owe a great 
debt to these institutions, not only for their zeal 
in safeguarding standards but also for the uni-
formly forward-looking approach to new 
developments both in technology and method 
which inspires them. The evolution of new 
schemes of training for technicians, craftsmen 
and other operatives who work below the pro-
fessional level owes much to them and their 
members. The advisory committees of the City 
and Guilds of London Institute—for example 
—which number over two hundred, are all 
assisted by members appointed by the profes-
sional institutions." From Technical Education, 
April 1959. 

More Channels for Mobile Radio 

Double the number of radio channels have 
now become available for private mobile ser-
vices as a result of approval by the Postmaster-
General of the recommendations in the Third 
Report of the Mobile Radio Committee. This 
increase in radio channels in the lower v.h.f. 
band is being obtained by introducing equip-
ment capable of operating on channels 25 kc/s 
wide instead of 50 kc/s.* 

* See "Mobile Radio Develop:11:M." J. Brit.I.R.E., 
15, p. 527. October 1955. 
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The new channel-spacing came into force on 
1st June, 1959. All new land-mobile schemes in 
the v.h.f. low band will have to use equipment 
meeting the 25 kc/s specification. With few 
exceptions, the new equipment standard will 
also apply to additions or replacements for 
existing systems. There is a "Five Year Plan" 
for the change-over of existing services to 
25 kc/s equipment to be completed by 1st June, 
1964. 

Developments in Long-distance Submarine 
Telephone Cables 

The American Telephone and Telegraph 
Company and the British Post Office have 
developed terminal equipment the use of which 
will increase the capacity of submarine tele-
phone cables without any modification to the 
submarine cable itself.t 

The new British technique uses improved 
channelling equipment which enables telephone 
circuits to be provided in a bandwidth of 3 kc/s 
instead of the 4 kc/s normally used. An increase 
in cable capacity of one-third can be achieved. 

The American technique, known as Time 
Assignment Speech Interpolation, is based on 
the fact that, on any group of circuits compris-
ing separate "go" and "return" channels, at least 
half are idle at any instant while speech passes 
in the opposite direction: and the American 
equipment has been developed to utilize these 
idle channels to carry additional conversations. 
The cable capacity can thus be doubled. 

Both these techniques will have their use 
depending upon the increased capacity required; 
where necessary the two techniques could be 
used together to provide about 21 times the 
number of circuits available in an unmodified 
system. 

An agreement, which was submitted to the 
House of Commons for approval on 14th July. 
has been drawn up between the Post Office and 
the American Telephone and Telegraph Com-
pany defining the terms and conditions on which 
the equipment, and the related patent rights and 
technical information, will be exchanged. 

'1' See "Inauguration of Trans-Atlantic Telephone 
Cable System," J. Brit.I.R.E., 16, p. 632, November 
1956. 
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A Comparison of Telemetry Systems t 

by 

A. COWIE, B.SC.* 

The opening contribution to the Symposium on Radio Telemetry held in London 
on 25th March, 1959. 

In the Chair: Mr. I. Maddock, O.B.E. (Member) 

Summary: The factors influencing the choice of modulation system to be 
employed are reviewed. The transmission of a number of information channels is 
discussed with reference to time division and frequency division multiplex systems. 

1. Introduction 
The problem to be solved in telemetry 

systems is that of transmitting information to a 
distant observation point while achieving 
accuracies comparable with the best laboratory 
instruments, despite the vagaries of a radio 
frequency path. The rate at which information 
inputs change and the number of such signals 
required set further problems for both the 
transmitter and the recorder. 

In order that the telemetry system may be 
readily used in missiles of all types. it must be 
flexible in its capabilities and economic from the 
point of view of maximum information for 
minimum consumed power since this factor 
controls the weight to be carried. Installed bulk, 
reliability, stability and simplicity in setting up 
are other important factors to be borne in mind. 

2. Transmitter Design 
The transmitter output stage consumes most 

power and in the interest of economy a free 
oscillator transmitter without any form of driv-
ing stages has tended to be the arrangement 
used. This has its penalties in the form of fre-
quency instabilities (drift) and thus requires a 
receiver having a relatively wide bandwidth. 

3. Modulation Systems 
As high accuracy is an essential condition, it 

follows that a high signal/noise ratio is required 
at the output. Amplitude modulation can be 
ruled out for a number of reasons: 

. (1) High signal/noise ratio and wide band-
width will demand high power to achieve a 

t Manuscript received 18th March, 1959. (Con-
tribution No. 21.) 
* Royal Aircraft Establishment, Trials Department, 

Fleet, Hants. 
U.D.C. No. 621.398 

given range. 

(2) Accurate amplitude modulation of an 
oscillator or a power output stage is not easy 
when both linearity and amplitude stability of 
the order of 1 or 2% may be called for. The 
power demand of such a modulator will be at 
least as great as that of the transmitter output 
stage. 

A modtfation system is therefore required 
where such limiting factors have a minimum 
effect. The alternatives are: 

Frequency modulation (f.m.) 
Pulse position modulation (p.p.m.) 
Pulse width modulation (p.w.m.) 
Pulse code modulation (p.c.m.) 

Considering pulse code modulation, this 
demands additional complications in encoding 
devices in the transmitter, as generally none of 
the inputs to be handled are naturally encoded. 

The pulse systems employing position or 
width modulation are similar in transmitter 
complexity, but there can be no doubt that 
p.p.m. is more economical in transmitter power. 
This system is used on the 600 Mc/s Pulse Tele-
metry System which is to be described later.4 

Returning now to f.m. this is difficult to apply 
directly at the high radio frequencies used for 
telemetry. Frequency modulation can however 
be readily arranged at a sub-carrier frequency 
where both voltage/reactance and direct reac-
tance control can be used. Considerable 
distortion can be tolerated in employing this 
sub-carrier to modulate the transmitter. In fact 
a form of pulse modulation is used on the 
24-channel Telemetry System where the 
pulse recurrence frequency is the sub-carrier 
frequency.' • 2.3. 
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4. Multiplexing Considerations 

We must now consider the question of how 
to handle a number of inputs simultaneously and 
to do so we must discuss the frequency response 
required of the system. The inputs generally 
required fall quite readily into two groups: 

(I) Static and quasi-static quantities. The 
frequency range is from d.c. to, say, 
30 c/s or 100 c/s. 

(2) Vibration and high frequency pheno-
mena. (50 c/s to 3000 or 6000 c/s.) 

In the first group of inputs another objection 
to a.m. can be seen, namely the difficulty of 
handling d.c. inputs. The second group presents 
problems very similar to those in multiplex tele-
phony or telegraphy, and the multiple sub-
carrier technique can be used. In telephony, 
however, a.m. with or without single-sideband 
techniques is used, but this is not acceptable in 
telemetry on grounds of accuracy and signal/ 
noise ratio. If the signal is applied to the sub-
carrier using frequency modulation, acceptable 
conditions of modulation are obtained and, if 
sufficient care is taken in the design of modula-
tion and demodulation circuits, the frequency 
response can be extended to zero frequency. 
This system (frequency division multiplex) is 
used in the 6-channel H.F. Telemetry System.' 

The lower band of signals can be most 
economically handled by a sampling technique. 
Given a sine wave signal for which just over two 
points on the wave are known over an adequate 
number of waves, then the sine wave can be 
defined in amplitude, frequency and phase. 
Thus by sampling more frequently than twice 
per cycle of the highest frequency it is desired 
to transmit, the wave form can be re-established 
on reception. In practice, to avoid the need for 
a mathematical reconstitution, more samples per 
cycle are desirable. 

Sampling is done by means of a commutator-
type switch of, typically, 24 segments which can 
be rotated by a small motor at speeds up to 120 
rev/sec. It is necessary to take account of the 
actual switch speed in designing the receiving 
equipment for optimum performance. The input 
to the switch, which may have more than one 
commutation, may be voltage and/or inductive 
transducers. The switch output, suitably applied 
to the modulator, results in the sub-carrier 
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being modulated in frequency to correspond in 
turn with the inputs as sampled by the switch. 
This method—time division multiplex—is used 
in the 24-channel Telemetry System', 2' 3 and can 
be used as a variant on the 6-channel System.' 

In the 600 Mc/ s System'', the number of 
channels is controlled by the number of pulse 
generator units used and the ability to sort and 
measure the resulting records. Up to 20 
channels can be handled satisfactorily. 

5. Conclusions 

The switched or sampling type of system is 
limited in its frequency. response by the switch 
speed but is very simple, small and economical 
in power. It will work with very small r.f. signal 
levels, giving high output signal/noise levels and 
hence its range and accuracy are high. 
The pulse position system is again limited in 

frequency response in the same way as in a 
switched system but this time by the pulse 
recurrence frequency to which limits are set by 
power dissipation and power requirements. The 
system will also work with fairly small signals 
to give good output signal/noise levels. 

The 6-channel system, a frequency multiplex 
system, has some inherent difficulties. Although 
it has a high information rate, very linear 
amplitude modulation of the output is required 
to overcome crosstalk, making a high power 
a.m. modulator necessary to achieve good total 
modulation, and the sub-carriers have to be 
added in voltage so that each channel has only 
a small modulation depth on the carrier. Be-
cause both the f.m. modulation index and the 
a.m. modulation depth are low the system has 
a low output signal/noise ratio at threshold. 
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A Six-Channel High-Frequency Telemetry System t 

by 

T. C. R. S. FOWLER, B.sc.$ 

A paper first read before the South Western Section in Bristol on 25th February 
and repeated in the Symposium on Radio Telemetry in London on 25th March 1959. 

Suminary: A frequency-multiplex f.m.-a.m. system is described which provides 
six continuous channels via which waveforms with frequency components in the 
approximate band 10 c/s to 10 kc/s may be simultaneously telemetered; extension 
of the frequency coverage to include the band 0-10 c/s is achieved by the use of 
commutated reference levels. A radio frequency in the 465 Mc/s band and sub-
carrier frequencies between 250 and 500 kc/s are used. A short historical introduc-
tion is followed by descriptions of the system and of units of the flight and ground 
equipment, and details of operational results. Future uses of the system are dis-
cussed and methods of increasing the useful range are suggested. 

I. Introduction 

Towards the end of 1950 investigations were 
started at Filton into the design of a system to 
telemeter simultaneously, from a missile in 
flight, a number of vibration waveforms in the 
frequency band 50-6000 c/s, with an overall 
amplitude accuracy of + 10 per cent. and a 
range sufficient to cover the boost phase—say at 
least two miles. The flight sender was to be 
usable together with an R.A.E. 24-channel 
sender, the two transmitters, tuned some mega-
cycles apart in the 465 Mc/s band, sharing a 
common missile aerial system. 

A six-channel frequency-multiplex f.m.-a.m. 
system was selected for development; work 
proceeded, with encouraging results, and by the 
autumn of 1952 ground-to-ground transmission 
tests had been made, and the system was ready 
for flight trials. 

The first two flight tests were carried out at 
Aberporth in December 1952, with successful 
results, and the practical use of the system there 
started in 1953; the use of the system at 
Woomera began in 1955. Although it incor-
porates various improvements and additions, 
the present Bristol H.F. Telemetry system is 

t Manuscript first received 29th January 1959, and 
in final form on 29th April 1959. (Paper No. 515.) 

Bristol Aircraft Limited, Guided Weapons 
Engineering Department, Filton, Bristol. 

U.D.C. No. 621.398 
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basically similar to the system as first tested in 
1952. 

As anticipated, the system has been used for 
a wide variety of telemetry purposes in addi-
tion to the original one of vibration measure-
ment; examples are rotation rate measurements 
via transducers giving an a.c. output, the 
monitoring of voltage waveforms in electronic 
equipment, pressure and acceleration measure-
ments via inductance transducers, and voltage 
measurements in the frequency range 0-12 c/s 
via 24-channel high-speed switches. A wide-
band channel, for optional use in place of two 
of the original channels, specifically for voltage 
histogram telemetry, was introduced in 1955; 
special d.c.-coupled ground equipment on this 
channel enables strobed low-speed records to 
be produced via the standard strobing equip-
ment of the R.A.E. 24-channel Telemetry 
system. 

At the time of writing well over 750 H.F. Tele-
metry channels have been used in Bristol flight 
tests, the total of flight senders used being over 
150. Reliability and ease of use have been 
found to be extremely good. 

Further details of operational results will be 
given later in this paper. 

§ "Telemetry as an aid to guided weapons research," 
British Communications and Electronics, 3, pp. 
130-133, March 1956; W. M. Rae, "The airborne 
sender for 24-channel telemetry." (To be published.) 
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2. Outline of the System 

2.1. Performance 
The present system enables waveforms in the 

frequency band 10-10,000 c/s to be telemetered 
simultaneously on up to six continuous channels, 
with some falling-off in response outside the 
approximate band 50-2,000 c/s, coverable by 
calibration. Signals in the additional band 0-10 
c/s are telemetered via sampling switches which 
sample also a number of reference levels for 
calibration purposes. The use of these time-
multiplexed "standards" makes possible the 
telemetering of "d.c." quantities via a.c.-coupled 
channels; time-multiplexed flight standards are 
also used on d.c.-coupled channels to render 
negligible slow level drifts in the system, which 
would otherwise cause errors; reduction of these 
drifts to a low enough level to obviate the need 
for flight standards for good accuracy in d.c. 
measurements is difficult in practice. 

Under reasonably good signal-to-noise con-
ditions, such as should normally be realized 
over the greater part of the usable range, the 
accuracies of measurements of amplitude via 
the H.F. Telemetry system are estimated to be 
as follows : — 

(a) without time-multiplexed flight standards, 
+ (5 + T)%, (b) with time-multiplexed flight 
standards, + (3 + T)%, where T represents the 
additional allowance to be made for the trans-
ducer and/or flight amplifier, if any, used in the 
measurement; T may be as much as 5 in the case 
of barium titanate accelerometers, or as little as 
1 or 2 in the case of inductance transducers. 
Voltage measurements do not in general require 
the use of transducers or flight amplifiers at 
present, so that accuracies estimated at + 3 per 
cent. are obtainable; if it is required to telemeter 
low voltages (of the order of 1 millivolt, say) the 
value of T may be kept low by the use of a 
sampling switch preceding the amplifier. 

494 

Frequency accuracies of better than 1 per 
cent. are readily obtained, and, in addition to 
the obvious application of measuring rotation 
rates via voltage pick-offs, it has proved 
expedient to telemeter in audio-frequency form 
various other quantities having relatively slow 
rates of change, high accuracy being obtainable 
even in bad signal-to-noise conditions. 

The average useful range of the present 
system is of the order of twenty miles; it is 
hoped that future improvements, particularly in 
radio link efficiency, may increase this range to 
forty or fifty miles. It is, of course, possible to 
increase range if a reduction in overall signal 
bandwidth is tolerable; the use of only two 
channels instead of six (giving a range increase 
estimated at about 50 per cent., in practice), and 
the use in the output circuits of the ground 
equipment of additional (RC) low-pass filters 
giving appreciable attenuation above about 
2 kc/s (giving a range increase of perhaps 100 
per cent.) are methods which have been used a 
number of times in Bristol flight trials. 

2.2. Nature of System 

The quantities to be telemetered are conveyed 
over the radio link in the form of the frequencies 
of a number of sub-carrier waveforms which, 
added together, are used to amplitude-modulate 
the 465 Mc/s band transmitter. 

A frequency-multiplex system was selected to 
meet the requirement for the simultaneous tele-
metering of a number of continuous waveforms; 
the alternative of using high-frequency elec-
tronic sampling, and reconstituting circuits, was 
not considered preferable. The high-frequency 
time-multiplex system would have the dis-
advantage of an appreciably more complex 
flight sender; it would probably give the 
advantage of improved accuracy of amplitude 
measurement, over the same flight ranges. 

Table 1 

The Sub-carrier Frequencies and Deviations 

Channel 1 2 3 4 5 6 A 
Centre frequency (kc/s) 270 310 350 390 430 470 290 

Maximum deviation (kc/s) + 6 + 6 + 6 + 6 + 6 + 6 + 15 
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The use of frequency-modulation of the sub-
carriers was also decided on without difficulty, 
the representation of quantities in amplitude 
form being ruled out because of susceptibility 
to r.f. signal strength variation effects. 

The use of amplitude-modulation for the 
radio link followed from the decision to use 
existing a.m. equipment; had a suitable 465 
Mc/s band f.m. system been available it might 
well have been preferred. 

Details of the sub-carrier frequencies are 
given in Table 1. 

The use of a six-channel system with the 
channels 1 to 6 in Table 1 was decided on after 
initial calculations in 1950; the wide-band 
channel A, for optional use in place of channels 
1 and 2, for voltage histogram telemetry, was 
introduced in 1955. The sub-carrier bands were 
chosen to lie within an octave to obviate direct 
harmonic interference, and to lie well above the 
highest significant sideband (possibly about 230 
kc/s) of the frequency-modulated sub-carrier of 
the R.A.E. 24-channel system, in case of inter-
ference due to overlapping of the sub-carrier 
bands when the two systems were used together. 
The maximum deviations used approximate to 
the maximum usable in practice; these are 
governed by the required signal bandwidth and 
the sub-carrier channel bandwidth. (If these 
bandwidths are taken as 6 kc/s and 24 kc/s 
respectively for channels 1 to 6, and 6 kc/s and 
48 kc/s for channel A, and if sidebands greater 
than 2 per cent, of the unmodulated level are 
regarded as significant, then the maximum 
usable modulation indices are shown by f.m. 
theory to be about 1.0 and 2.5 respectively, 
giving the maximum deviations of + 6 kc/s on 
channels 1 to 6 and + 15 kc/s on channel A.) 

On channels 1 to 6 the output stages of the 
ground equipment are a.c.-coupled, so that slow 
drifts in level (e.g. thermal drifts) are not trans-
mitted to the recorders, and slow sub-carrier 
frequency drifts of up to +2 kc/s are tolerated, 
the effect of these drifts on the a.c. calibration 
being negligible. On channel A the equipment 
is d.c.-coupled, and has been designed to give 
reasonable freedom from drift. 

2.3. Functions of Units 
The various units of the system are indicated 

in the block diagram, Fig. 1. The functions of 

these units will first be described briefly; fuller 
descriptions will be given later. 

In the flight vehicle the quantities to be tele-
metered are required to cause frequency-
modulation of the sub-carriers generated in the 
oscillator units; these units are of two main 
types, modulated respectively by voltage and 
inductance variations; senders can contain 
oscillator units of both types, if required. 

QUANTITIES TO BE 
TELEMETERED 

TRANSDUCERS 
(If REQUIRED) 

SWITCHES PICK-UP HEAD AMPLIFIERS 
( If REQUIRED) 

STABILIZER-CATHODE-
FOLLOWER UNIT 

FLIGHT EQUIPMENT 

GROUND EQUIPMENT 

CALIBRATION 
UNIT 

OSCILLATOR UNITS 

DRIVER UNIT 

HIGH POWER OSCILLATOR 

TRANSMITTING AERIAL 

RECEIVING AERIAL 

RECEIVER 
TEST 
OSCILLATORS 

SUB-CARRIER MIXER & AMPLIFIER 
OR CALIBRATION INTERPOSER 

IF REQUIRED) 

SUB-CARRIER SELECTORS 

WAVEFORM 
MONITOR 

FREQUENCY DISCRIMINATORS 

TIMING PULSES 

TAPE 
RECORDER 

RECORDS 

Shaded blocks represent units for use with other systems. Switches 
Sta, lb, lc and 52 arc symbolic, representing the substitution of 
the units indicated. 

Fig. 1. Block diagram of the Bristol H.F. Telemetry 
System. 

Transducers are used to convert other 
physical quantities to be telemetered to voltage 
or inductance form. 

Pick-up head amplifiers, units having a high 
input impedance, are used between crystal 
accelerometers (and other transducers of high 
output impedance) and oscillator units. 

The stabilizer-cathode follower unit pro-
vides a stabilized h.t. supply and an input 
cathode follower with voltage limiters for the 
channel A oscillator unit. 

Up to 22 voltages may be telemetered via the 
24-way high-speed switch on channel A, the 
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remaining two switch contacts being used for (a) 
a synchronizing pulse and (b) voltage "stan-
dards" sampled by a 12-way low-speed ("cali-
bration") switch. Alternatively the low-speed 
switch may be dispensed with, one contact of 
the high-speed switch being used for each cali-
bration voltage; five of these are used as a rule, 
in which case only 18 contacts are available for 
signal voltages; but each "standard" appears in 
each histogram cycle, which may be desirable 
sometimes. 

Low-speed switches (not indicated on the 
block diagram) have been used, to a consider-
able extent in recent years, on channels other 
than channel A, to sample signal voltages; nor 
has the use of the high-speed switches been 
confined to channel A. 

The sub-carrier waveforms from the oscilla-
tor units are added together by means of a 
resistance network; the resulting cbmplex wave-
form is amplified in the driver unit, which 
amplitude-modulates the output of the high 
power oscillator with the waveform. 

The amplitude-modulated 465 Mc/s band 
wave is radiated by the transmitting aerials to 
the receiving aerials and receiver. 

The receiver reproduces the complex sub-
carrier waveform; this is fed to the input 
terminals of the sub-carrier selectors, each of 
which filters out one particular sub-carrier. 

The separated sub-carrier waveforms are fed 
into the frequency discriminators, which repro-
duce the sender input waveforms. The channel 
A discriminator also generates a synchronizing 
pulse for use in the production of strobed 
records. 

The discriminator output waveforms on 
channels 1 to 6 are recorded on one film 
(generally 35-mm) in a 6-channel c.r.o.-camera 
recorder, while the normal channel A records 
are a high-speed 35-mm film histogram record 
and a strobed low-speed record. Magnetic tape 
records are also made in some cases, for replay 
into frequency-analysing equipment. 

The calibration unit, connected in place of 
the receiver, is used to produce pre- and post-
flight calibration square waves on the records. 

Sometimes it is required to interrupt the 
recording at intervals during the flight and inter-
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pose calibration square waves of short duration; 
the calibration interposer is used for this pur-
pose. 

Later versions of the sub-carrier selectors 
incorporate circuits for calibration and calibra-
tion interposing; when selectors of this type are 
used the calibration unit and calibration inter-
poser are of course unnecessary. 

Test oscillators and the sub-carrier mixer 
and amplifier are used to synthesize a complex 
sub-carrier waveform for ground equipment test 
purposes. 

The waveform monitor is a c.r.o. unit incor-
porated in the later ground sets to facilitate the 
checking of the various waveforms. 

Some further details of the units will now be 
given; with reference to the circuit diagrams 
which follow, it should be noted that the valve 
types given are those which have been used in 
practice—in many cases improved "equivalents" 
which are now available could probably be sub-
stituted with advantage. 

3. Details of the Flight Equipment 

3.1. Transducers 
The H.F. Telemetry system has been designed 

for use with transducers of existing types, 
designed and produced independently for use 
in various other systems; as the use of the 
system has been extended transducers of new 
types have been introduced. Examples of trans-
ducers used so far are: 

Barium titanate accelerometers (for tele-
metering vibrations in the frequency band 
10 c/s to 10 kc/s), 

Variable inductance acceleration and pres-
sure transducers (as used with the R.A.E. 
24-channel telemetry system), 

Rotary flowmeters (giving an alternating 
voltage output in the frequency band 0 to 
1500 c/s) and 

Variable capacitance pressure pick-ups 
(used with d.c. polarization to give a voltage 
output, for the measurement of gas pressure 
fluctuations in the frequency band 10 c/s to 
10 kc/s, in a high temperature environment). 

3.2. Switches 
The switches used are the 24-channel high-

speed switch and the 12-channel low-speed 
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switch as used with the R.A.E. 24-channel Tele-
metry system; typical speeds are 100 rev/sec and 
one revolution in three seconds, respectively. 

3.3. Pick-up Head Amplifiers 
These units, having an input impedance of the 

order of 30 megohms, have been designed for 
use between barium titanate accelerometers and 
oscillator units. Two versions are used, one with 
a single cathode-follower valve stage—used 
where voltage amplification is not required, the 
other containing a cathode follower followed by 
an amplifier stage of adjustable gain. (Voltage 
attenuation, required when large vibration 
amplitudes are to be measured, is obtained by 
fitting suitable capacitors in parallel with the 
transducers.) 

SCREENING CAN L ...._ _ DECOUPLED 

K T +70V 
T (AME) 
I 

0-04F i RI' 

1—.7 221v."rr 
L — 1 I I 

INPUT ' .1ICI' I I . 1 C2'.1, 
. 001119. 

00iµ 

680 I 

_J 

Fig. 2. Circuit of Pick-up Head Amplifier (2-valve 
version). 

Figure 2 shows the circuit of the two-valve 
head amplifier. The gain is adjustable between 
about unity and 7 by selection of the indicated 
resistor in the cathode circuit of the amplifier. 
The components indicated by broken lines are 
not part of the unit as manufactured, but are 
added in some installations for the measurement 
of low-frequency vibrations in the presence of 
vibrations of larger amplitudes at high frequen-
cies; with the components added the transmis-
sion factor falls off above about 50 c/s, being 
about 2 db down at 250 c/s, 10 db at 1000 c/s 
and 25 db at 3.5 kc/s. 

The head amplifiers are of course usable in 
other applications where a high input impedance 
is required, and are used with the capacitance 
pick-ups referred to in the sub-section 3.1. 

Fig. 3. Two-valve Pick-up Head Amplifier, with 
screening cover removed. 

The form of construction used provides for 
the individual screening and anti-vibration 
mounting of each head amplifier, so that these 
units can be mounted independently close to the 
associated transducers in the various locations 
in the missile. The mountings have been 
designed to give a good degree of flexibility 
coupled with the ability to withstand large forces 
without fracturing. The rubber in the mountings 
provides a certain amount of damping. 

Similar but larger anti-vibration mountings 
have been widely used for other, heavier, 
assemblies in Bristol missiles, and the individual 
head amplifier mountings are sometimes dis-
pensed with, the units being attached to larger 
shock-mounted structures. 

Figure 3 shows a two-valve head amplifier in 
its mounting cradle, with the screening cover 
removed. 

3.4. Oscillator Units and Stabilizer/Cathode 
Follower Units; the Modulation Generator 
Unit 

The oscillator units, in which the sub-carrier 
waveforms are generated, are divisible into two 
groups, namely: 

Oscillator units type I, with a single transi-
tron oscillator valve stage, designed for use on 
channels 1 to 6 with inductance transducers of 
types used with the R.A.E. 24-channel system; 
and oscillator units type IV. with a reactance 
valve and transitron oscillator, for use on 
channels 1 to 6 and channel A with voltage 
inputs. 

(The designations "type II" and "type III" 
were used for units resembling the type IV but 
having in addition one and two voltage amplifier 
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stages respectively; these have not been 
developed beyond the experimental stage, 
separate amplifier units having been preferred in 
practice. 

Oscillator units type I for channel A opera-
tion have not so far been required; neither have 
units for mixed—i.e. sequentially-sampled— 
voltage and inductance inputs; there seems no 
reason why units of both these types could not 
be produced if required, however.) 

DECOUPLED 
HT 4. 70V 
(APPROX 

47- 100K(SELECTED) 

OUTPUT 

INPUT FROM 
INDUCTANCE PICK-UP 

SELECTED 
SENSITIVITY 

Channel 

} 

C2 (pF) 

3-9 

43 } 

65 ) 

3-3 

2-7 

DECOUPLED MT. 

90V APPROX. 

LI. 

"P‘ 47-100K 

SELECTED) 
(OUTPUT 
AMPLITUDE ) 

OUTPUT 

15.45 p 

Li (µB) 

932 
812 

719 
645 

585 
535 

Fig. 6. Circuit of Oscillator Unit Type IV for channels 
1 to 6. 

Figure 8 shows an oscillator unit type IV; 
a similar "slide-in panel" construction is used 

Channel LI (ti,H) Channel Li (pH) for the other oscillator units and the stabilizer/ 
1 1870 4 1208 cathode follower unit. The two valves and the 
2 1580 5 1079 coil, which is encapsulated, are on the side of 
3 1368 6 978 the panel not shown in Fig. 8. 

Fig. 4. Circuit of Oscillator Unit Type I 

Figure 4 shows the circuit of the oscillator 
unit type I. The values shown for the induc-
tance Li are such that the inductance swing of 
the transducer, connected as indicated, pro-
duces, very approximately, the normal 12 kc/s 
frequency swing. Figure 5 shows a typical fre-
quency/pressure graph. 

280 

275 

2,25705 

2600  
10 20 30 40 50 60 70 

PRESSURE IN POUNDS PER SO. IN. 
60 

Fig. 5. Frequency/pressure characteristic of Oscillator 
Unit Type I and 0-70 lb./in.2 inductance-type pressure 

transducer (Channel 1). 

Figure 6 shows the circuit of an oscillator 
unit type IV as used on channels 1 to 6. These 
units are designed for full modulation by an 
input swing of approximately 1-5 volts; Fig. 7 
shows a typical frequency/voltage graph. 
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4130 

475 

470 

465 

E 460 

-25 2 I.5 • 0 • I 
IN PUT VOLTAGE 

I 5 2 .2.5 

Fig. 7. Frequency/input voltage characteristic of 
Oscillator Unit Type IV (Channel 6). 

Fig. 8. An Oscillator Unit Type IV. 
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The circuit used in oscillator units for channel 
A differs slightly from that shown in Fig. 6, the 
phase-shifting network associated with the reac-
tance valve having two CR stages instead of 
one; component values are selected to give a 
very low level of amplitude-modulation. 
Appreciable amplitude-modulation is of course 
undesirable since it involves unnecessarily low 
r.f. modulation depth at times; the simpler cir-
cuit of Fig. 6 is satisfactory on channels 1 to 6 
however, the bandwidth on these channels being 
relatively narrow and the amplitude-modulation 
level low. 

Figure 9 shows the circuit of the stabilizer/ 
cathode follower unit. Valve stages VI and 
V2 stabilize the h.t. supply to the cathode 
follower V3 and the channel A oscillator unit 
(this is, incidentally, the only stabilized supply 
used in the flight equipment). A 60-volt dry 
battery is used, under zero current conditions, 
as a voltage reference, the available neon tubes 
having been found unacceptably microphonic 
when vibration-tested. 

On channel A the maximum input swing at 
the cathode follower input point is + 3 volts, 
giving an input swing of approximately + 2 volts 
at the oscillator unit and a sub-carrier frequency 
swing of about 20 kc/s, from 275 to 295 kc/s; a 
negative voltage of up to — 12 volts is required 
at the cathode follower input to produce the 
sync. frequency of 305 kc/s, the frequency/ 
voltage characteristic becoming non-linear above 
295 kc/s. 

The diode limiters associated with the cathode 
follower prevent any excessive signal voltage 
from producing a spurious sync. pulse, the signal 
voltages being fed to the 24-channel switch via 

VI 
C5468 

9. Circuit of Stabilizer/Cathode Fig. 

+05V STABILIZED H T TO 
OSCILLATOR UNIT TYPE 6/ 

83 CHANNEL A 

588124 INPUT FROM 
330K SWITCH 

MOTOR 

OUTPUT TO 
OSCILLATOR 
UNIT TYPE 
W CHANNEL 

A 

EARTH 

Follower Unit. 

Fig. 10. A Modulation Generator Unit tor channels A 
and .3 to 6. 

resistors of about 330 kilohms while the sync. 
voltage source is of relatively low impedance. 

All the oscillator units of a sender, and the 
stabilizer/cathode follower (if used), are fitted 
in screened compartments in the modulation 
generator unit chassis; earlier versions of these 
also contained the driver unit, but the later 
driver units were designed for mounting on 
the structure of the high power oscillator. 
Figure 10 shows a modulation generator unit 
constructed for 5-channel use (channels A, 3, 4, 
5 and 6); the stabilizer/ cathode follower and the 
channel A oscillator unit are fitted in the com-
partments otherwise occupied by the oscillator 
units on channels 1 and 2 respectively. The out-
put resistors of the oscillators and the input 
resistor of the driver unit form the adding 
network to produce the multiple sub-carrier 
waveform. 

3.5. Driver Units 
Three different methods have been used to 

provide the necessarily linear amplitude-
modulation of the high power oscillator. 

Series anode modulation was first used; the 
driver unit (type I) was a four-valve unit which 
was mounted in the compartment provided in 
the earlier modulation generator units. The 
system had the disadvantage of requiring a 
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rather high h.t. voltage and a special 1.t. supply 
at a positive potential, and is now obsolete. 

Grid modulation had been ruled out initially 
since it appeared to be impossible to achieve the 
requisite linearity; work in 1954 showed this to 
be incorrect; it was found possible to obtain 
about the same modulation depth as with the 
series anode modulation method (i.e. about 35 
per cent.) with a considerable saving in power 
consumption and without the disadvantages 
mentioned above. The new (type II) unit, a two-
valve unit consisting of the original h.p.o. driver 
with certain modifications, superseded the type 
I unit. 

In 1956, to increase the modulation depth and 
hence the range of the system, a shunt anode 
modulation circuit was developed. Figure 11 

611 180V 

9 rnA 
5K 

VI 
CV468 PL I 

î 
10K 

j.005; 
220 

612 
o 

285-340V 
10p 135-17041A 

'0141TOR POINT 

470K 68 -005p 680i 680 

 010H PO. 
( CV 397 
ANODE) 

TO H.P.O. 

F(CV 397 GRID) 

EARTH 

Fig. 11. Circuit of Driver Unit Type III. 

shows the circuit of the resulting driver unit 
(type III); Fig. 12 shows one of these units fitted 
to a high power oscillator (the screening cover 
for the driver unit has been removed). A con-
siderable increase in modulation depth, to at 
least 70 per cent., was made possible by the new 
unit, which has latterly superseded the grid 
modulation unit in Bristol G.W. trials. 

3.6. High Power Oscillator and Transmitting 
Aerial 

These are exactly similar to those used for a 
24-channel R.A.E. Telemetry sender. Two 
senders sharing a common aerial system have 
been used in the majority of Bristol G.W. 
rounds; all three combinations—two 24-channel, 
a 24-channel and an h.f. sender, and two h.f. 
senders—have been used. Various frequency 
separations have been used; a separation of 
about 18 Mc/s is now usual. The good fre-
quency stability of the high power oscillators 
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Fig. 12. 465 Mc/s High Power Oscillator with Driver 
Unit Type III. 

has no doubt facilitated their use with the com-
mon aerial system. 

3.7. Power Supplies 

Dry batteries for h.t. supplies and lead-acid 
batteries for 1.t. supplies have been used 
throughout for H.F. Telemetry senders in Bristol 
G.W. rounds. 

The supply voltages are approximately as 
follows : — 
H.T.1 180 volts L.T.1 6 volts 
H.T.2 400 volts Switch motor 6 volts 

(Series anode modulation senders, now obso-
lete, were used with an H.T.2 supply of about 
500 volts and an additional 6-volt supply). 

Power consumption figures for 6-channel 
senders, each with three pick-up head amplifiers 
of the two-valve type (chosen as a typical case) 
are estimated, to be as follows : — 

(a) Series anode modulation 120 watts 
(b) Grid modulation 80 watts 

(c) Shunt anode modulation 110 watts 

The addition of a high-speed 24-channel 
switch and a low-speed 12-channel ("calibra-
tion") switch would add about 20 watts to each 
of these figures. 

4. Details of the Ground Equipment 

4.1. The Receiving Aerial and Receiver 

These are similar to those used with the 
R.A.E. 24-channel Telemetry system; the 
receiver, in which a 45 Mc/s i.f. is used, incor-
porates video stage modifications—to extend the 
bandwidth to cover the H.F. Telemetry sub-
carrier band—which make it usable in either 
telemetry system. 
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4.2. The Sub-carrier Mixer and Amplifier 

This unit may be used between receiver or 
calibration unit and the sub-carrier selectors as 
an extra sub-carrier amplifier of adjustable gain; 
it functions as a mixer and amplifier when used 
in conjunction with the test oscillators to feed a 
multiple sub-carrier waveform to the sub-carrier 
selectors. 

4.3. The Sub-carrier Selectors 

These units incorporate band-pass filters com-
prising a number of m-derived and prototype 

Ho i11.:1:4 p  

MANUAL 
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Fig. 13. Block diagram of Sub-carrier Selector incor-
porating calibration oscillators. 

sections, and valve stages to provide amplifica-
tion and a high input impedance. The later sub-
carrier selectors incorporate also circuits for the 
calibration of the ground equipment; Fig. 13 is 
the block diagram of one of these selectors. The 
following alternative outputs may be selected 
by means of the manual switch: 

(a) "Signal only" (i.e. sub-carrier separated 
from the complex input waveform); 

(b) "Calibration only" (upper and lower 
calibration frequencies alternately, switched 
at about 50 c/s) and 

(c) "Calibration interposed" (sub-carrier 
signal interrupted at about 25 c/s for short 

4 60 
3  50 540 

30 

20 

à 10 
o Ltd  

CHANNEL I 4 6 

250 290 330 370 410 450 490 
FREQUENCY IN kas 

Fig. 14. Relative attenuation/frequency characteristics 
of Sub-carrier Selectors. 

intervals in which the two calibration fre-
quencies are interposed). 

Details of the uses of the calibration wave-
forms are given in sub-sections 4.7 and 4.8. 

Figure 14 shows typical relative attenuation / 
frequency curves of sub-carrier selectors. 

4.4. The Frequency Discriminators 

A number of versions of discriminators have 
been produced; all operate on the "constant-
area pulse" principle, which gives a good degree 
of linearity over a wide bandwidth; Fig. 15 
shows the basic block diagram of these dis-
criminators. 

NPH 

SUR-CARRIER 
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AND 
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GENERATOR 

' SIGNAL - 
FREOLIENIT 
RANO•PASS 0,911 
I STAGES 

Fig. 15. Basic block diagram of Frequency 
Discriminators. 

The discriminators in a set of six for channels 
1 to 6 are identical to each other; each is usable 
on any of these channels. A front-panel meter 
indicating the mean frequency has proved a use-
ful feature. A limiter and CR stage are used to 
provide the "constant-area" pulse. The output 
is a.c.-coupled. 

The channel A discriminators are d.c.-coupled 
in the stages following the constant-area pulse 
generator, which is a multivibrator which in the 
absence of an input signal is self-running at a 
little over 200 kc/s. Good d.c.-stability is 
obtained after a warming-up time of about 30 
minutes. A "sync separator" is included by 
means of which is produced a separate sync. 
pulse that is used in the production of strobed 
records in the standard R.A.E. 24-channel Tele-
metry strobing equipment. 

The filters in the signal-frequency stages of 
the discriminators are of considerable impor-
tance since they serve to reject both sub-carrier 
frequency components and system noise com-
ponents (mainly from the r.f. link in practice) 
above the required signal frequency band. The 
later versions of the discriminators incorporate 
filters designed to combine good step-function 
response with a good transmission/frequency 
response, in particular for histogram telemetry, 
though of course these properties are desirable 
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Fig. 16. Relative transmission/frequency charac-
teristics of signal frequency stages in Frequency 

Discriminators Mks. I/II and 1V/V. 

in many other applications. The relative trans-
mission/frequency characteristics of the signal-
frequency stages in the older (Mk. I/II and 
newer (Mk. IV / V) discriminators are shown in 
Fig. 16; the superiority of the step-function 
response of the newer units is illustrated in Fig. 
17, which shows square waves at 500 and 1500 
c/s recorded over an H.F. Telemetry link via 
discriminators Mks. I and IV. The 1500 c/s 
square wave frequency was chosen to give an 
idea of the quality of histogram reproduction 
obtainable, the half-cycle at this frequency being 
approximately representative of a "sample" 
from a 24-way 120 c/s switch. 

Fig. 17. Waveforms recorded via an H.F. Telemetry 
channel. The input waveforms were square waves at 
500 c/s (A & B) and 1500 c/s (C & D); the Frequency 
Discriminators used were the Mk. I (traces A & C) 

and Mk. IV (B & D). 

4.5. The C.R.O.-Camera Recorders 
Both 70-mm and 35-mm 6-channel recorders 

have been used, each with a seventh cathode-ray 
tube to record the "millisecond ruler" waveform 
from the standard timing equipment. Latterly 
only 35-mm recorders have been used, with a 
film speed of 48 inches per second; Fig. 18 is 
an enlargement of a portion of one of these 
records. 
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Fig. 18. Enlarged portion of 6-channel 35-mm flight record. Traces A and B are from rotary flowmeters; 
C. D, E and F are from crystal accelerometers; G is the "millisecond ruler" timing trace. 
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For histogram records (made on 35-mm film) 
and strobed (low-speed) records the normal 
R.A.E. 24-channel Telemetry recording equip-
ment is used. Figure 19 is a photograph of the 
major part of a strobed low-speed record 
obtained via channel A. The recorder has 15 
tubes, the deflections on each of which are 
produced by the voltage histogram. the required 
signal and calibration channels being picked 
out by brilliance modulation; the original 
records measure about 24 in. by 30 in. The 
cessation of signals and the onset of noise at the 
end of transmission are clearly shown in Fig. 19; 
a similarly clear indication of the cessation of 
signals is obtained on the high-speed film 
records under reasonably good r.f. signal 
strength conditions. 

4.6. The Magnetic Tape Recorder 
A standard commercially-available in. tape 

recorder has been used to record, at 74- inches 
per second, vibration waveforms for replay into 
electronic analysing equipment. 

4.7. The Calibration Unit 
This unit contains twelve crystal oscillators, a 

pair to each of the channels 1 to 6, at the upper 
and lower channel deviation limit frequencies 
respectively (i.e. at + 6 kc/s about the centre 
frequency, for each of these channels). The six 
upper-limit frequencies are added together to 
form one complex wave, the six lower-limit fre-
quencies to form another. The two complex 
waves are electronically switched, in turn, to the 
output stage, and, when applied to the sub-
carrier selectors, produce at the output terminals 
of the frequency discriminators calibration 
square waves which are recorded on the flight 
records shortly before launch, and sometimes 
also shortly after the flight. 

4.8. The Calibration Interposer 
This unit contains twelve crystal oscillators as 

in the calibration unit, and amplifier stages 
through which are fed the complex sub-carrier 
wave from the receiver or test oscillators. An 
electronic switch is set by a two-way manual 
switch to give either of the following outputs : — 

(a) "Calibration interposed" (sequence as 
in 4.3(c) except that here all the waveforms 
are multiple ones) and 

(b) "Calibration only" (calibration frequen-
cies only, as from the calibration unit). 
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Fig. 19. 15-tube strobed channel A flight record 
(major part). 

Sockets are provided from which the uninter-
rupted output of the sub-carrier amplifier may 
be fed to the sub-carrier selectors, so that each 
channel trace can be recorded with or without 
interposed calibration waves, as required. 

Calibration interposing enables "d.c." as well 
as "a.c." measurements to be made using a.c.-
coupled discriminators and recorders and with-
out the use of a commutation switch at the 
sender end. The method has, however, the dis-
advantage of requiring extremely drift-free sub-
carrier oscillators if a reasonable degree of 
accuracy is to be obtained with a narrow sub-
carrier-band system. For this reason it has only 
been used for flight recording in conjunction 
with oscillator units type I, giving d.c. measure-
ments of moderate accuracy together with a.c. 
measurements of greater accuracy. Drifts due 
to reactance valve variations in oscillator units 
type IV have precluded the use of calibration 
interposing in d.c. voltage telemetry; for this a 
sampling switch and flight "standards" are 
invariably used. On inductance channels also, 
of course, the use of flight "standards" would 
appear desirable if maximum accuracy is 
required. 
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Fig. 20. A Test Ground Set for channels 1 to 6. 

(Usually mounted on a trolley for mobility.) 
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Calibration interposing has proved useful as a 
means of obtaining a quick check of sub-carrier 
frequency and deviation during the preparation 
of senders. 

4.9. The Test Oscillators 
Each of these units incorporates a transitron 

sub-carrier oscillator and reactance valve and an 
RC audio-frequency oscillator of adjustable fre-
quency, waveform and amplitude which pro-
vides a modulating signal; modulation from an 
external source is also provided for, and internal 
and external sources may be used together to 
produce compound waveforms. The test oscilla-
tors are coupled to the sub-carrier mixer and 
amplifier, in place of the receiver, to test the 
remainder of the ground equipment; comparison 
of input and output waveforms on each channel, 
using a double-trace oscilloscope, showed, in the 
early days of development, that extremely 
accurate reproduction of waveforms should be 
possible (the distortion due to the frequency-
multiplexing and de-multiplexing process being 
negligible), provided an r.f. link of good 
linearity and signal-to-noise ratio proved 
realizable. 

4.10. The Waveform Monitor 
This is a double-trace oscilloscope unit, 

selector switches on which facilitate the rapid 
monitoring of the output waveforms from the 
receiver, sub-carrier selectors and frequency 
discriminators. Either independent time-bases 
or a common one may be used. 

4.11. Ground Sets 

Apart from the receiving aerial, calibration 
unit and recorders, the ground equipment is 
housed in a single rack, the complete assembly 
being termed a "ground set"; in addition to 
units of types described above, it includes 
stabilized power units. The test ground sets, 
used in missile preparation areas, are similar but 
relatively self-contained and mobile, each carry-
ing an aerial and requiring no associated record-
ing equipment, in general. Figure 20 shows a 
test ground set; the rack-mounted units, starting 
at the top, are frequency discriminators, sub-
carrier selectors, waveform monitor, receiver, 
and three power units. The power consumption 
is about 11 kilowatts. 
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5. Survey of Results 

5.1. Ease of Development and Use 

No major inherent system difficulties have 
been encountered either during the initial 
development period or during the period of 
practical use and further development. Cross-
talk has not proved a major problem; the 
linearity necessary to keep cross-talk down to an 
acceptably low level—say less than 1 per cent.— 
has proved easily realizable. 

The use of flight senders built by E.M.I. Ltd., 
to an R.A.E. specification similar to the Bristol 
one, in Bristol G.W. rounds, started in 1956 
(E.M.I. senders are intended ultimately to be 
used in all cases, in place of Bristol senders). 
Both E.M.I. senders and a number of senders of 
a different configuration, built and used in free-
flight models by another Department of Bristol 
Aircraft Ltd., have been used without difficulty 
in conjunction with the original Bristol-built 
ground set at Aberporth. 

The majority of H.F. Telemetry senders flown 
have been in twin-sender installations, with a 
common aerial system. The other sender has 
generally been an R.A.E. 24-channel Telemetry 
sender, but twin H.F.T. senders have also been 
used without difficulty. 

5.2. Usefulness 

The system has been used for telemetering a 
considerable variety of quantities; the versatility 
of the system in practical use has not been 
unexpected, in view of the relatively wide signal 
bandwidth, the multiplicity of channels, the usa-
bility of either voltage or inductance transducers 
of existing types, and the variety of channel 
combinations which may be used. A channel A 

sender gives, for example, the capacity of an 
R.A.E. 24-channel sender for voltage telemetry 
plus four continuous channels on which quan-
tities in the frequency band 10 c/s to 10 kc/s 
may be telemetered. The ability to monitor 
certain quantities continuously during flight 
while still having adequate capacity for time-
multiplexed information has been of consider-
able importance in some cases. 

5.3. A verage Ranges 

The H.F. Telemetry system, having a higher 
information capacity, is naturally inferior in 
range to the R.A.E. 24-channel Telemetry 
system, with the same transmitter power. Table 
2 gives estimated average range figures for H.F. 
Telemetry with the various modulation systems 
and various numbers of channels, based on prac-
tical results; it should perhaps be pointed out 
that practical ranges, especially for low-trajec-
tory flights, may be considerably less than the 
free-space range. 

5.4. Reliability 

Operational results have generally been good 
and acceptable; occasionally records have been 
poor, but, in Bristol flight tests up to the end of 
1958, there has only been one case of total 
failure to obtain an H.F. Telemetry record; this 
was due to incorrect operation of the only c.r.o.-
camera recorder. 

Duplication of c.r.o.-camera recorders pre-
vented total absence of records in three other 
cases of recorder failure. No cases are known 
of failures due to any of the other ground equip-
ment units during flight recording. 

In-flight failures of the flight units have been 
remarkably few in spite of high vibration levels 

Table 2 

Estimated Average Ranges of various H.F. Telemetry Systems 

Modulation 
System 

Driver Unit 
Type No. 

Number of 
Channels 

Range 
in Yards 

Series anode 

Grid 

Grid 

Shunt anode 

Shunt anode 

II 

II 

III 

III 

6 

6 

2 

5 

2 

20,000 

20,000 

35,000 

40,000 

60.000 
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in many cases. The pre-flight vibration-testing 
which has been carried out on all Bristol flight 
units originally resulted in an undesirably high 
proportion of rejections of completed units due 
to valve failures; pre-wiring shock-testing of 
valves was therefore introduced, resulting in the 
rejection of about 25 per cent, of the valves from 
some batches and a much lower proportion of 
rejections of the completed units. 

Figures have been compiled of the in-flight 
failures of Bristol H.F. Telemetry units up to the 
end of 1957; these are given in Table 3. 

In five of the eight cases of failure listed, a 
large proportion of the required information had 
been obtained by the time the failure occurred. 
In some cases the failures may have been 
due to faults in other parts of the sender, e.g. 
in power units or in the high power oscillator. 

The majority of failures in the flight equip-
ment are thought to have been attributable to 
thermionic valve failures, and the inherent 
simplicity of the flight sender, in which there 
are only four valve stages (three in the driver 
unit and one in the transmitter) common to all 
channels, is considered to have been a major 
contributory factor to the good overall relia-
bility achieved. Reasonably rugged construc-
tion of flight units, the practice of vibration test-
ing these units, and the use of anti-vibration 
mountings are also considered to have con-
tributed towards good reliability. 

5.5. Validity and Accuracy Tests 
Some mention of the various tests which have 

been made from time to time to check the 
validity and accuracy of records may be of 
interest. 
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The validity tests include the use of two 
channels to telemeter the same waveform; in 
the second test flight in December 1952, for 
example, three waveforms—one from a crystal 
accelerometer, one from a sine-wave oscillator 
(at about 2500 c/s) and one "zero input"—were 
each telemetered on two channels, with 
excellent results. 

Channels with zero inputs have been used 
frequently to test for noise and microphony, 
which, in the case of vibration traces, would 
often be difficult to distinguish from the true 
vibration signal; good "straight line" traces 
have been obtained from these channels pro-
vided the r.f. signal strength has been reason-
ably good; the noise due to low r.f. signal 
strength is easily identifiable on the multi-
channel records if these include one "zero input" 
channel, since it occurs simultaneously and to 
very approximately the same extent on all the 
traces. 

In some measurements waveforms of a dis-
tinctive nature are used, for example the flow-
meter, waveforms in Fig. 18, from traces of this 
nature rotation rates may be measured with a 
high degree of accuracy, and, with no doubt as 
to validity. 

A test of the accuracy of voltage telemetry 
via a histogram on channel 1 was made early in 
1955, in conjunction with the second flight test 
in which a 24-channel high-speed switch was 
used with an H.F. Telemetry sender. Analysis 
Group personnel measured from the histogram 
record a number of fixed voltages which had 
been measured independently prior to the flight. 
729 readings were taken; none differed from the 

Table 3 

Details of In-flight Failures of Units (up to the end of 1957) 

Units 

Number 
of 

Units 
used 

Number of 
Failures 

(Known or 
Suspected) 

Number of 
Channels 
involved 
per Failure 

Pick-up Head Amplifiers 
Stabilizer/Cathode Follower Units 
Oscillator Units 
Driver Units 

283 
14 

630 
117 

o 
4 
3 

1 
1 
1 

All 
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pre-flight measurement value by more than II 
per cent. of the full-scale signal swing; six 
differed by more than 2.1 per cent. These results 
were considered to confirm the predicted 
accuracy of 21 per cent. from a record with a 
reasonably good signal-to-noise ratio; in this 
respect, channel A was expected to prove 
superior to any of the channels 1 to 6. 

6. Conclusions 

6.1. Assessment of the System 
In the light of the results outlined above, the 

system is considered to have been fully satisfac-
tory in respect of ease of development and use, 
versatility and reliability, and fully up to expec-
tations in respect of accuracy and range. It has 
been of significant practical value in the 
development of the Bloodhound missile, pro-
viding the wide information bandwidth required 
for certain measurements and not available from 
other systems in use at the time. 

It is thought that the accuracy available is 
likely to be adequate for many types of measure-
ment for an indefinite time, but that increases 
in range—in which the system, in common with 
other systems of high information bandwidth, is 
inherently at a disadvantage in comparison with 
systems of lower information capacity and simi-
lar transmitter power—are likely to be required 
in the future. 

6.2. Future Use of the System 
It is considered that the sender simplicity and 

the method of channel separation—by the use 
of band-pass filters—are significant reliability 
factors in favour of the frequency-multiplex 
system for multi-channel high-frequency tele-
metry; other advantageous features are the low 
cost, small size and ease of installation and use 
of the sender. 

It is felt, therefore, that it is desirable to 
extend the range, and hence the use, of the H.F. 
Telemetry system as far as possible. The follow-

ing are considered to be methods by which 
major increases in range are to be gained: — 

(a) the use of transmitters of higher power; 
(b) the use of high-gain (narrow-beam), 

following, receiving aerials; 
(c) improvements to the r.f. circuits in the 

receivers; and 
(d) the use, where possible, of additional 

filters to reduce the output bandwidth of 
the ground equipment. 

Methods (a) and (d) would often be imprac-
ticable; methods (b) and (c) should however be 
capable of providing considerable increases in 
range over those quoted above. 

In addition to telemetering information in the 
forms described above, it is thought that the 
system may prove of use for telemetry informa-
tion in digital forms, with the digits of a num-
ber transmitted either sequentially on one 
channel or simultaneously, in parallel, on all 
six channels; the use of ternary or quaternary 
codes may prove preferable to the binary code 
in this application, to make more efficient use of 
the available resolving power. 

The H.F. Telemetry system with a single 
coaxial feeder between sending and receiving 
points in place of the r.f. link may prove useful 
(as it has already) in certain ground-to-ground 
telemetry applications. The system complete 
with r.f. link may, in addition to use in tests of 
pilotless flight vehicles, prove of use in certain 
tests of manned aircraft, motor vehicles and 
small marine craft. 
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As a result of its June and July meetings the Membership Committee recommended to the Council 
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these meetings will be published later. 

Journal Brit . I.R.E. 



Some Aspects of Television Transmission over 
Long Distance Cable Links t 

by 

H. MUMFORD; 

A paper read on 3rd July 1959 during the Institution's Convention in Cambridge. 

Summary : An outline of the basic properties of 0.375 in. diameter coaxial cable and 
the combined or alternative multi-channel telephony/television systems based on it 
is given. Most of the required transmission limits for such systems have now been 
agreed internationally and a "hypothetical reference circuit" evolved for which such 
limits can be stated. Although limits have tended to be agreed by national experiments 
on the various television systems, two basic subjective laws, the Weber-Fechner law 
and Riccb's law, on which limits must ultimately be based, are illustrated and 
discussed. Television transmission is fundamentally a waveform matter but for 
design purposes it is necessary to use frequency responses. The paper describes two 
simple guides to estimating these: ( 1) by reference to two simple minimum phase 
networks, and (2) by an extension of the paired-echoes method. The advantages of 
using a reduced carrier level are briefly pointed out and a number of synchronizing 
systems reviewed. 

1. Introduction 
Since there are now about a thousand 

television stations in the world there is a 
considerable demand for the transmission of 
television signals between studios and these 
stations. This arises because it is much cheaper 
to transmit a signal a hundred miles or more 
to another broadcasting station than to have a 
separate studio and originate another pro-
gramme. Switching between several programme 
sources and transmitters is most easily handled 
as an extension of the telephone network and 
routes must therefore be capable of trans-
mitting telephone or television channels as 
required. International links are also needed 
and the circuits extending from a few miles to a 
thousand or so may be over buried coaxial 
cables or microwave links. 

Coaxial routes only are considered in this 
paper. The equipment, which is required to 
have a life of many years, needs large teams of 
engineers to develop it and there are thus a 
number of aspects to be considered. This paper 
deals with three. Firstly, all distortions must be 
kept below the thresholds of visibility and the 

t Manuscript received 16th March, 1959. (Paper 
No. 516.) 

British Telecommunications Research Ltd., Taplow 
Court, Taplow, near Maidenhead, Berkshire. 

U.D.C. No. 621.372 : 621.397.743 

communications engineer must be something of 
an experimental psychologist. Secondly, since 
the allowable distortions are small, simplified 
methods of assessing them may be used. 
Thirdly, a particular problem, that of synchro-
nizing two oscillators one at each end of the 
route, is discussed. 

2. General Description of the Coaxial Route 

The planning and design of long distance 
television links is helped by the definition, by 
international agreement, of a hypothetical 
reference circuit. This route is 2500 km long and 
for television transmission purposes is supposed 
to be divided into three equal sections, the ends 
and junctions being at video frequency.' It is 
this type of circuit with which this paper deals. 
The transmission path is a 75-ohm 0.375 in. 
diameter coaxial cable, one for each direction 
of transmission. Several coaxial tubes and a 
number of tf lephone pairs, some for control 
purposes, are normally laid up in one cable. 
Repeaters are required at intervals of several 
miles. These repeaters are unattended and power 
may be fed to six or more stations on each side 
of a power-feeding terminai by applying up to 
2,000 volts a. c. between the inner conductor 
of the go and return cables. Adequate safety 
measures for the high voltage as well as alarm 
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and changeover facilities are provided. Com-
pensation for changes of gain due to cable and 
equipment temperature variation and valve 
ageing is by transmitting pilot frequencies. 
These control networks which automatically 
correct the gain and response to restore the 
pilot level to normal. 

Electrically the frequency limits for television 
transmission are set by the skin effect in copper. 
Below a frequency of a few hundred kc/s the 
skin depth becomes comparable with the con-
ductor thicknesses. The effective inductance and 
hence the group delay of the cable changes more 
rapidly and an economic balance must be struck 
between the bandwidth and the amount of 
equipment required to equalize this group delay 
variation. As the frequency is increased the 
decreasing skin depth confines the current to the 
facing surfaces of the inner and outer conduc-
tors. The cable is then properly screened and the 
attenuation continues to rise proportionally to 
the square root of the frequency and an economic 
balance must be struck between repeater section 
attenuation and maximum practicable power 
output from a repeater. Such considerations 
lead to the main systems given in Table 1, 2. 3. 4 
for 0.375 in. cable, in which system 3 is 
American practice. The telephone channels 
are transmitted as single sidebands with 4 kc/s 
channel spacing, the number of channels being 
enough to serve a fair sized provincial city. The 
full upper sideband and a vestigial lower sideband 

0-5 Mc/s wide carry the television signal. In all 
cases the upper sideband is transmitted, the 
television carrier frequency being at the lower 
end of the television band. This has the advan-
tage that the carrier is placed at a frequency 
where the random noise in the system is lower, 
but has the disadvantage in the case of the 
first three systems of the second harmonic of 
the carrier falling in the video band. To avoid 
the consequent pattern forming interference 
(amongst other reasons) the linearity of the 
repeaters must be kept high. This is achieved 
by negative feedback which is about 35 db at 
the lower frequencies. The last major parameter 
of the system is the modulation depth. If the 
video signal is to be recovered by envelope 
detection of the modulated carrier a low modula-
tion index, not exceeding about 40 per cent, 
must be used, since single sideband transmission 
gives envelope distortion at high modulation 
depths. By using a product demodulator at the 
receiving terminal this difficulty is overcome 
and modulation depths corresponding to a 
suppression of the carrier can be used. It will 
be noted that the modulation index becomes 
infinite for a suppressed carrier system and it 
is usual to define modulation depth in terms of 
excess carrier ratio (e.c.r.). This is the ratio of 
the maximum peak carrier amplitude to the 
peak to peak modulation amplitude. Thus the 
modulation depth of 40 per cent corresponds to 
an e.c.r. of approximately 11.5 Two reduced 
carrier modulation depths are in use. An e.c.r. 

Table 1 

Nominal 
Repeater 
Spacing 

Total Bandwidth Capacity 
Television Characteristics 

Video Bandwidth Carrier Frequency 

1 6 miles 60kc/s to 4 Mc/s 

2 6 miles 60kc/s to 6.2 Mc/s 

3 4 miles 300kc/s to 8.3 Mc/s 

4 3 miles 300kc/s to 12-5 Mc/s 

960 Tp 
or 1 TV 

1,200 Tp 
or 1 TV 

1860 Tp 
or 

600 Tp+ 1 TV 

2,700 Tp 
or 

1,200 Tp+ I TV 

3 Mc/s 1.056 Mc/s 

5 Mc/s 1.056 Mc/s 

4.2 Mc/s 4.139 Mc/s 

5 Mc/s 6.799 Mc/s 

Tp—telephone channel 
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TV—television channel 
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of 0.5 in which sync.-pulse tips and peak white 
have the same carrier amplitude is used in the 
American system. A slightly lower modulation 
depth, e.c.r. — 0.65, in which peak white and 
black level correspond to the same carrier 
amplitudes and the sync.-pulses project above 
this level has been proposed by the C.C.I.T.T.' 
Although the high level carrier systems in this 
and other countries give excellent results, low 
level carrier modulation has important advan-
gates and is being more widely used. Increasing 
the sideband level relative to the carrier helps 
the system loading and the consequent freedom 
from quadrature distortion in the product 
demodulators which must be used with a reduced 
carrier is a considerable advantage. However, 
a carrier supply of the correct phase is required 
at each receiving terminal for the product 
demodulator and this complicates the equipment. 

In a 12-5 Mc s system the total attenuation of 
the 2,500 km hypothetical reference circuit is 
about 20,000 db and the total propagation time 
about 10 milliseconds. This attenuation must 
be compensated by the repeater gain and kept 
constant within a few decibels and the propaga-
tion time must be kept constant within a 
fraction of a microsecond. These accuracies 
demand precision engineering in every aspect. 

3. Subjective Basis for Transmission Limits 

Most of the permissible distortion and inter-
ference in a broadcast television system is 
properly allowed to the studio—transmitter— 
domestic receiver path, thus leaving 
very little distortion for any long dis-
tance link. The communications 
engineer is, therefore, especially 
interested in the threshold levels at 
which interference becomes apparent 
and in any relaxations which are pos-
sible subjectively. Limits determined 
from these thresholds are now nearly all 
agreed internationally but it is of 
interest to consider two laws which give 
some fundamental guidance. They are 
the Weber-Fechner law and Ricces 
law.6 These are most simply demon-
strated by considering the visibility of a 
circular spot on a uniformly illuminated 
background. Figure 1 shows the results 
of about 90,000 observations in experi-
ments carried out by Blackwell:7 

° 

o 

The minimum visible value of fractional 
contrast is plotted against the angle which the 
diameter of the test object subtends at the eye. 
The fractional contrast is defined as the différence 
in brightness between the spot and the back-
ground divided by the background brightness. 
Above about one degree the threshold fractional 
contrast tends to a constant 0.3 per cent for 
the range of brightness encountered in television, 
say, between 0.5 and 20 foot-lamberts. This 
threshold rises somewhat as the background 
brightness is reduced. Where the threshold 
fractional contrast is constant it may be surmised 
that the threshold contrast corresponds to a 
threshold subjective sensation and an equation 
can be written as 

SB 
SS=--- ( 1) 

where SS is the minimum increment of sensation 
which can be perceived and 8B is the brightness 
difference causing it. This is the Weber-Fechner 
law and is approximately true for brightnesses 
above 1 foot-lambert. As the diameter of the 
test object is reduced below one to two degrees 
the fractional contrast must be raised for it to 
be visible. The graph becomes asymptotic to a 
line which makes the threshold contrast inversely 
proportional to the area of the test object. This. 
is Riccib's law which was originally stated for 
the absolute threshold where the background 
was in complete darkness, but which is also true 
for differential contrasts. The asymptote inter-
sects with the horizontal portion of the curve, 

IV 1 
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Fig. 1. The variation of fractional contrast with diameter for 
threshold visibility of a circular spot on a uniformly illuminated 

background. 

511 
August 1959 



H. MUMFORD 

at fourteen minutes of arc at a brightness of 
1 foot-lambert. 

These two laws apply to the visibility of 
images in television. To find out whether a 
voltage change in a system producing a large 
area image will be visible on the cathode-ray 
tube screen it is necessary to find the voltage 
which produces a 1 per cent change (say) in 
brightness. This change has been taken as 
"just certainly visible" in American practice.2 
The sensitivity to interference is not constant 
but increases as the background brightness is 
reduced. It has a shallow maximum at about one 
foot-lambert below which the sensitivity of the 
eye begins to fall. Random noise, for instance, 
will be most visible at about one foot-lambert. 
However, when the interference changes with 
the carrier level in the system, it may be more 
visible at other brightnesses. Thus the single 
frequency interference produced by carrier har-
monics will generally be more apparent in either 
the lightest or darkest parts of the picture 
depending on the e.c.r. 

The application of Riccè's law to the decrease 
of visibility with image size is not so apparent. 
We have to find some connection between the 
frequency variable and the area of the image on 
the screen. The image will be rectangular due to 
the line structure instead of circular. Vertically, 
correlation between lines will make subjective 
areas which are much longer. In addition 
because the cathode-ray tube spot has a signifi-
cant size there is a further source of loss of 
definition. 

When a high single frequency f is applied to 
the system the pattern is most visible when the 
bars are vertical. The width of one half cycle 
across the screen, in minutes of arc subtended at 
the eye at a viewing distance of four times the 
picture height, is given by 

w= 573 f —In (2) 
k  

where 1 is the total number of lines in the 
system 

n is the number of frames per second 
and 

k is the horizontal blanking factor 
which is between 0.82 and 0.84 
for practical systems. 

The pattern thus extends out of the field of 
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distinct vision vertically and does not change with 
frequency. Horizontally the width and con-
sequently the area of the bars is inversely 
proportional to frequency and its visibility 
would be expected to increase directly until the 
bar width was between one and two degrees. 
Using the asymptotic variation at one foot-
lambert one would expect the frequency response 
to show a 6 db per octave slope down to the 
frequency at which the angle given by eqn. (2) 
was 14 minutes as shown by the dotted curve in 
Fig. I. Figure 2 shows data for the threshold 
visibility of single frequencies and eleven bands 

20 

SIGNAL-TO-NOISE RATIO= SLACK TO WHITE SIGNAL 
PEAK TO PEAK INTERFERENCE 
(OUASI-PEAK TO PEAK 
FOR RANDOM NOISE) 

SINGLE FREQUENCY 

PANE) - PASS 
RANDOM NOISE 

— 
0.5 Mc is 

RANDOM NOISE 
— — — — — 

ASYMPTOTE 

0.1 0.3 ID 

FREQUENCY IN Mcis 

5.0 

Fig. 2. Signal noise ratios for the threshold visibility 
of single-frequency and random interference in a 405-line 

television system. 

of random noise each approximately 300 kc/s 
wide, distributed through the video spectrum. 
These are from experiments carried out by the 
Radio Branch of the British Post Office on 
the 405-line system. If an allowance is made for 
the cathode-ray tube spot size, which could 
increase the weighting at 3 Mc s by 7 db, to 
data from the Cuban Telephone Company,' 
the asymptotic expression shows a reasonable 
agreement with the experimental curve. 

The curve for random noise is in good agree-
ment with the single frequency noise in the 
middle of the band. This indicates that the 
vertical subjective distribution of the noise 
pattern does not change with mean noise 
frequency and that the same basic frequency 
response as for single frequency interference can 
be used. By assuming that frequencies which 
give the same half cycle width on the screen are 
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equivalent one can compare the experimental 
weighting curves for the various television 
systems in use. This has given excellent results 
in nearly all the cases on which it has been tried 
by the author. It will be noted that as the curves 
for the various systems do not differ widely, 
international effort has concentrated on obtain-
ing a single compromise curve, which can be 
obtained as the frequency response of a practical 
network for noise weighting. The departure of 
the curves for single frequency and random 
interference above 1.6 Mc/s can be explained 
as due to the non-linearity of the eye and cathode 
ray tube characteristics. This was suggested 
some years ago by the British Post Office and 
has recently been confirmed experimentally.8 
A simple demonstration that the non-linearity 
can give this effect is as follows. Assume a 
cathode ray tube brightness-grid voltage char-
acteristic of 

if= (0.76 + 1 .94 V)2.8 (3) 
where the constants have been chosen so that 
when 

V=0 B=005 foot-lamberts 
V = 1 B = 12 foot-lamberts. 

By assuming a grid voltage of V + 8V, expanding 
by the binomial theorem, dividing by B and 
putting in a background brightness of B=1, 

8B 
B =4.85 8V+705 (8 V)2 (4) 

It is now assumed that the noise comprises a 
large number n of equal amplitude sinusoids 
each of peak amplitude 8 VV (2/n) where 8 Vis the 
total r.m.s. voltage. If this combined voltage is 
put into the squared term of eqn. (4) then 
difference and second harmonic products are 
formed. The difference products are of low 
frequency and much more visible than the others 
which are neglected. There are n2 difference 
products each of amplitude (8V)' 2/n giving a 
total low frequency r.m.s. voltage 81/8 equal to 
8V. 

When the impressed noise band 8V, is at 
low frequencies the second terms of eqn. (4) is 
negligible. Now if the mean frequency is 
moved to the top of the band the first term 
becomes negligible due to the subjective weight-
ing and the difference intermodulation products 
of r.m.s. value 8V8, due to the squared term 
predominate. For the same factional contrast 
change to be caused by 8V, and 81/8, and 

combining the two new equations: 
8 V„ 4.85 

81/1 7 'V„) — SB  (5) 
B 

If we assume an r.m.s. fractional brightness 
change of 0.003 the difference in level between 
8V, and 81/.1 is 30 db and the random noise 
curve would be expected to flatten out at a level 
30 db above the low frequency limit. This 
exercise gives a rough approximation to the 
experimentally-determined curves. 

4. Conversion of Transient to Frequency 
Responses 

Subjective tests also determine limits for the 
permissible waveform distortion') of a television 
system but for design purposes the transient 
response must be transformed to amplitude-
frequency and phase or group-delay frequency 
responses. Here some guides are needed, 
preferably simple ones, as the final form of 
distortion will be largely unknown. If we 
assume that the transient response must fit 
limits set by the rating factor method of the 
Research Branch of the British Post Office,' 
then the tolerances for low frequency distortion, 
say below 50 kc/s, will correspond to transient 
limits to the amplitude variation of the tops of 
40 microsecond bars and 50 c/s square waves. 
Two simple networks, together with their step 
function and amplitude-frequency responses, 
are shown in Fig. 3 and 4. From Fig. 3(a) it 
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Fig. 3. Amplitude-frequency and step function responses 
of a simple LR circuit. 
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can be seen that the initial amplitude of the 
exponential transient is the same as the fall in 
the amplitude response and the time constant is 
equal to the reciprocal of the angular frequency 
at the half-way point in the amplitude variation. 
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Fig. 4. Amplitude-frequency and step function responses 
of a simple LCR circuit. 

In Fig. 4(a) the effect of a dip in the frequency 
response is to cause a transient in the step 
function response. The initial amplitude of its 
envelope is equal to the product of the fractional 
bandwidth measured at points (,), and co, half 
way down the dip and the maximum fractional 
amplitude of the dip. The time-constant of the 
envelope is the reciprocal of the difference 
between «,2 and (2,1, and the period of the 
transient is 1/ co,. The transients are accurate 
within a few per cent for variations up to 1 db 
and 0,2 — CO1 < CO0 Reversal of the polarity of 
the frequency response variation reverses the 
sign of the transient. From consideration of 
Fig. 3 a rating factor of per cent would require 
a frequency response flat within approximately 
+0.1 db between 1c/s and 50 kc/s. 

At the upper video frequencies the method of 
paired echoes first described by H. A. Wheeler 
in 1939, and widely used since then, is a most 
useful guide. 9 In this, cosinusoidal variations 
in the amplitude response and sinusoidal 
variations in the phase response correspond to 
pairs of echoes in the impulse response of the 
system. For instance, a small cosinusoidal ripple 
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in the frequency response of fractional amplitude 
(a) and period 1/T produces an impulse 
response in which the output pulse is accom-
panied by two positive echoes of amplitude la 
one leading by time T and the other lagging by 
time T. This analysis applies directly to single 
sideband signals. Where, however, signals are 
double sideband (as at video frequencies below 
0.5 Mc/s in television transmission or in the case 
of the colour sub-carrier in N.T.S.C. type 
colour television) the analysis requires extension 
to band-pass systems. If there is a variation of 
amplitude response which is cosinusoidal about 
the carrier frequency then echoes are produced as 
additional amplitude modulations of the carrier 
as above. Any variation of the response which 
is symmetrical about the carrier frequency can 
thus be subjected to Fourier analysis, each 
harmonic component producing one pair of 
echoes. 

However, the result of attenuating one side-
band more than the other, that is, a skew-
symmetrical distortion, is to bring into being 
an additional set of sidebands whose resultant 
is in quadrature with the original carrier as 
shown in Fig. 5. An example of skew symmetry 
is a sinusoidal variation of amplitude-frequency 
response about the carrier frequency. In the 
impulse response the in-phase modulation 

UPPER S LOWER 
SIDEBANDS 

QUADRATURE 
SIDE BANDS 
a; b 

CARRIER 

IN- PHASE 
SIDESANDS 
aib 

Fig. 5. In-phase and quadrature components for an 
amplitude modulated carrier whose sidebands have been 

attenuated by different amounts. 
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It will be seen from Table 2 that if the in-phase 
component only is important then any unavoid-
able errors in the double sideband region of the 
spectrum of a television channel should be 
skew-symmetrical (sinusoidal) about the carrier 
in amplitude. An unusual feature which this 
analysis brings out is that in the case of a 
symmetrical (cosinusoidal) phase error the 
carrier phase is changed by a radians and a 
deliberate offsetting of the re-introduced carrier 
at the receiving terminal is required to remove 
the quadrature component. This is shown by 
eqn. (21) of the Appendix. 

Amplitude and phase distortions in the 
upper frequency spectrum of an N.T.S.C. type 
colour television system will give crosstalk 
between the two sets of colour data transmitted 
on the sub-carrier.'0 Macdiarmid has proposed 
a modulated pulse test which is an extension of 
the rating factor method for colour television" 
but no published information on colour transi-
ents is known to the author as yet by which link 
frequency response tolerances could be set by 
the above methods. 

5. Methods of Synchronization 

The general trend of systems to synchronous 
working was mentioned earlier. In this a 
carrier supply must be generated at each 
receiving terminal to supply a product demodu-
lator. For television transmission this carrier 
must be held exactly to the frequency of the 
incoming signal and in correct phase within a 
few degrees. Although this complicates the 
terminal two real advantages can be obtained. 
Firstly, there is no direct addition of waveform 
distortion due to the quadrature components of 
several systems in tandem and secondly the 

modulation depth can be increased greatly, 
since the modulated envelope is no longer 
important_ 

Figure 6 shows the in-phase and quadrature 
modulating components for a 2T pulse in a 

RELATIVE 
AMPLITUDE 

QUADR AT URE 
COMPONENT 

0 (t) 

TOIE M MICRO.SECOM 

Fig. 6. In-phase and quadrature modulating functions 
for a 2T pulse in a 405-line system with linear shaping to 

give a 0-5 Mc ¡s vestigial sideband. 

405-line system with a 3 Mc/s video bandwidth 
assuming that the vestigial sideband response 
is linear, rising from zero at 0.5 Mc/s below 
carrier to unity 0.5 Mc/s above it. 

The instantaneous amplitude of the modu-
lated carrier will be 

V = ,Si [Va ± /(t)] 2 + Q(02  (6) 

where V, is the peak amplitude of the carrier. 

Table 2 

Variation about 
carrier frequency 

Echoes produced in impulse response output 

Carrier on 
which modulated 

Sign of 
leading echo 

Sign of 
trailing echo 

sinusoidal 

cosinusoidal 

sinusoidal 

cosinusoidal 

amplitude 

amplitude 

phase 

phase 

quadrature 

in-phase 

in-phase 

quadrature 

- 

+ 
- 

+ 
+ 
+ 
- 
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For low values of V, the envelope will be 
distorted by the presence of Q(t). A check 
shows that for an e.c.r. of 1.7 a rating factor 
of over 1 per cent is obtained each time an 
envelope detector is used. Since a rating factor 
of 5 per cent is suggested for the overall route 
it can be seen that quadrature distortion will 
take up over half this assuming the direct 
addition of three demodulators. Any estimate 
of the increased distance over which a signal 
can be transmitted by the use of the reduced 
carrier as opposed to a pre-emphasised high 
level carrier system is not easy. However, 
using the simplest theory in which the maximum 
transmission level is set by the second harmonic 
of the carrier falling in-band a comparison is 
easily made with a system without pre-emphasis. 
Let it be assumed that the second harmonic 
voltage is proportional to the square root of the 
distance. This not strictly true but gives a 
pessimistic answer. If the distance is increased 
n times the r.m.s. random noise voltage at the 
output increases by V n and the output video 
signal must therefore be raised by V n too. 
However, the increased video voltage permits 
the total second harmonic voltage to be raised 
by V n. Since this is the assumed increase with 
distance the carrier level can be left as before. 
Thus the excess carrier ratio must be decreased 
by ..%/n i.e. the distance increase inversely with 
the square of the e.c.r. and going from 1.7 to 
0.65 gives an improvement in distance of 
nearly 7 times over flat transmission. 

When the modulation depth is increased 
beyond 100 per cent (e.c.r.=1) the envelope of 
the modulated signal no longer corresponds to 
the modulating signal and the carrier reverses in 
phase for part of the video voltage range. 

The output from a product demodulator is 

/(t) cos 0+ Q(t) sin 0 (7) 

o is the error angle between the incoming carrier 
and the local oscillation. It must be kept within 
a few degrees to avoid quadrature distortion. 
Product demodulation thus requires a correctly 
phased synchronized local oscillator. Because 
of the very low frequency variations in picture 
level it is not possible to separate the incoming 
carrier directly with a filter. Two ways of 
overcoming this difficulty have been used. 
Firstly if the whole waveform is used an output 
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which is independent of carrier phase reversals 
must be obtained. An example of this, termed 
the squaring method,2 is to pass the carrier 
through a square-law device and extract the 
second harmonic since 

sin2w.t=sin2 ( wet +TO= — / cos 2 wet (8) 

the second harmonic does not reverse with the 
carrier. 

The local carrier supply can also be squared 
and the two second harmonics compared in a 
phase sensitive detector. The output from the 
phase-sensitive detector is filtered to give a 
control voltage which can be applied to a 
reactance valve to pull the local oscillator into 
synchronism. The only condition for there to be 
zero output from the phase-sensitive detector is 
that the local oscillator and incoming signal are 
90 deg. or 270 deg. out of phase and the system 
becomes phase locked in one of these two con-
ditions, one of these can be set up to give correct 
video output polarity the other then reverses it. 

The second method is to gate out the sample of 
carrier which occurs during each line synchro-
nizing pulse as this is always of the same phase 
and use it as a reference. For this, the carrier 
supply frequency stability is not so important 
since locking-in can take place for a frequency 
difference of up to half the sampling rate, 
whereas in the carrier squaring method sidebands 
occur at field frequency and to avoid any 
tendency to lock to these the maximum frequency 
difference is half the field frequency. It will be 
noted that in all synchronous systems the 
receiving and transmitting terminal oscillators 
are initially unsynchronized so that there is an 
interval termed the locking-in time during which 
the oscillators synchronize. This interval will 
be from say 100 milliseconds for a gating system 
to a second or so for a squaring system. Four 
practical systems may be evolved from the two 
methods of obtaining a reference carrier. 
These are : 

(I) Squaring method. Polarity recognition 
from the video output. 

(II) Squaring method. Polarity recognition 
by using an e.c.r. of 0-65. 

(III) Gating method. Position of carrier 
sample by using an e.c.r. of 0.65. 

(IV) Gating method. Position of carrier 
sample by modulating an additional 
carrier. 
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System I is used in the Bell Telephone net-
work. For polarity recognition the white-posi-
tive video signal is d.c.-restored and its positive 
edge separated and rectified. The horizontal 
synchronizing pulses, if the signal is the wrong 
way up, can be made to give greater output than 
a uniform picture signal and to operate a relay 
with with reversing contacts. In order to avoid 
changeover on a peaky video signal the 50 c/s 
component in the picture signal due to the 
vertical blanking can be made to inhibit the 
reversal. Such a system requires careful design 
to avoid being baffled by particular signals and 
test signals must be frame blanked. 

System II is to transmit at an e.c.r. of 0.65 
and determine the positions of the horizontal 
synchronizing pulses by means of an envelope 
detector. The video output can then be tested 
for polarity at these intervals and correction 
made if necessary, if there is no output the 
reversing switch must be left as it was. Such a 
system requires test signals to have horizontal 
synchronizing pulses inserted. Other signals 
must be of high enough frequency for the 
reversing switch to be un-operated and their 
polarity must be unimportant (e.g. a high 
frequency sinusoidal test signal). 

Further ways rely on gating the incoming 
signal. System III, used in the German network,3 
is to transmit at an e.c.r. of 0.65 and envelope 
detect to find the positions of the horizontal 
synchronising pulses. The leading edges of 
these pulses then open a gate which samples 
the incoming signal during the horizontal 
synchronizing pulse interval. The resulting 
bursts of carrier are then compared with the 
local oscillator in a phase-sensitive detector 
and a correcting voltage obtained. 

System IV is to use some other channel to 
transmit data on synchronizing pulse position. 
Such additional channels, though instinctively 
disliked by the engineer, are coming into use 
for such functions as bringing stand-by channels 
into service.'2 Figure 7 shows an experimental 
pair of terminals in which the normal pilot 
signal at 308 kc/s is amplitude modulated with 
the fundamental horizontal synchronizing pulse 
frequency. At the receiving terminal the pilot 
is applied to an envelope detector. The zero 
cross-overs of the output sine-wave initiate 
gating pulses which are delayed to positions 

from which they can gate out samples of carrier 
during the horizontal synchronizing pulse 
intervals. The terminals of Fig. 7 use two 
frequency translations to modulate a 1.056 
Mc/s carrier. They can provide up to 5 Mc/s 
bandwidth and are provided with built-in delay 
line waveform correctors and stabilized power 
supplies. Normally pilot signals are re-generated 
at intervals between 300 and 500 miles and it 
would be necessary in practice to have television 
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Fig. 7. Experimental reduced carrier transmitting and 
receiving terminals using a 308 kc/s reference path for 

synchronization. 
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translating terminals at these points or provide a 
separate synchronizing carrier. A slight compli-
cation is due to the horizontal synchronizing 
pulses travelling by two routes, one via the main 
transmission path, the other via th'  308 kc s 
pilot reference channel. Because of the filtering 
required to extract the fundamental from the 
horizontal synchronizing pulses there is an 
additional delay of some 40 microseconds in 
the reference signal path. It is then only possible 
to match the main signal synchronizing pulse at 
the receiving terminal with a gating pulse 
derived from the synchronizing pulse before it. 
If the television signal is locked to the mains 
supply and a tolerance of + 3 — 5 per cent 
allowed in frequency then the total phase shift 
in the reference circuits must be kept to 360 deg. 
over this frequency range. This requires an 
additional circuit which measures the incoming 
frequency and provides a correcting voltage to 
control the delay. 

Four synchronizing systems have been 
described and there is still scope for ingenuity 
in devising others. For instance, no advantage 
has been taken of the fact that polarity informa-
tion is only really required during the locking-in 
intervals. Synchronous operation has advantages 
but it restricts the types of signal which can be 
transmitted and requires further specifications 
for the link, e.g. minimum signal and noise 
levels for which synchronization must take 
place. 

6. Conclusions 

The outline of the systems used for trans-
mission over long distance by coaxial cable has 
demonstrated that precision engineering to very 
close tolerances in every way is required. It has 
been shown that some of the basic transmission 
parameters are in reasonable agreement with 
basic subjective laws. Several ways of trans-
mitting synchronizing data have been reviewed, 
each of which has its own engineering advantages 
and disadvantages. It must also be concluded 
that the single television channel, especially 
when compared with the large number of 
telephone channels, seems very wasteful of 
transmission space. Much work is going on on. 
quantized coding methods which may reduce 
the transmission difficulties and on bandwidth 
reduction to conserve the spectrum. 
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(1 + m cos wat) cos wet (9) 
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and o» is that of the carrier. Here the w. 
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component can be considered as one term in 
the Fourier expansion of a pulse signal. Also 
let the amplitude response of the system be 

1 +a sin( w — we) T (10) 

This has a sinusoidal variation of amplitude 
response with which is skew symmetrical about 
the carrier frequency and has a period along the 
co axis of 1/T. The output is then 
1(1 +m cos co,t) cos wet][1 +a sin (a, + we)T] (11) 

If the input signal is expanded into its compon-
ents at We — co., We and We + we and each 
multiplied in turn by the amplitude response, 
substituting the appropriate value of w in each 
case and re-arranging, the output is 

(1+m cos wet) cos coet+ 

+lam cos co, (1+ T) sin wet-

- lam cos co, (t — T) sin wet  (12) 

We see that the output comprises the signal 
modulated by we but two new signals have 
now appeared modulated on a sinusoidal 
carrier at right angles to the original. The two 
new signals have amplitudes +la and — la 
and are displaced in time by +T and — T 
respectively. Similarly for an amplitude response 

1+a cos ( w — we)T  (13) 

the output is 

[(1+m cos wet)± 

+lam cos we+ T)+ 

+-lam cos co,(t — T)] cos wet  (14) 

i.e. the original signal is accompanied by two 
positive echoes modulated onto the same carrier. 

9.2. Variation in phase response. 
Let there be a phase variation with co of peak 

amplitude a with zero error at the carrier 

frequency, i.e. 

0=-a sin (w — we) T  (15) 

then for the input in (9) the output will be 

cos We t+ 
+ lm cos [( coe — we)/ —a sin wet]+ 

+.1,,m cos [( we+ we)t+a sin wet] 

=cos wet — 

— ¡m [cos ( — we)/ cos (a sin w.T)-

- sin ( We + we)t sin (a sin weT)-

- cos ( + we)/ cos (a sin co.T)+ 

+sin ( + weft sin (a sin w,T)] (16) 

If a is very small 

cos (a sin ceeeT)- 1  (17) 

and sin (a sin weT)-÷ a sin (.0.T  (18) 

By substituting and re-arranging the output 
becomes 

[(1+m cos w.0+ 

+lam cos w, (t + T)-

- lam cos cos (t — T)] cos wet ....(19) 

This is the original signal plus two:echoes one 
negative and advanced by time T and the other 
positive and lagging by time T. Similarly a 
phase error 

0=--a cos ( w— we)T  (20) 

gives an output 

(l+m cos wet) cos ( wet+a)-

- am[cosw.(t —T)+cos co.(t+T)] sin wet (21) 

This is an undistorted output modulated onto 
a carrier phase shifted a radians together with 
two negative echoes modulated onto a quad-
rature carrier. 
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Television Receiver Production in the U.S.S.R.t 

by 

A. Y. BRATEBART$ 

A paper read on 2nd July 1959 during the Institution's Convention in Cambridge. 

Summary: Information concerning the circuits and engineering features of 
television receivers being produced in the Soviet Union is given. The prospects for 
future receiver production development are also discussed. 

On 1st January, 1959, about three million 
television sets were in use in the Soviet Union. 
1,200,000 sets will be produced in 1959, and by 
1965 the annual output will have risen to 
3,500,000 so that in six years' time there will be 
approximately 18,000,000 sets operating in the 
U.S.S.R.§ 

Fig. 1. The combined television-radio-gramophone set "Crystal-103." 

The increase in the rate of production of tele-
vision receivers will be accomplished by 
increasing the output of existing factories. This 
will be achieved by applying mechanization and 
automation methods to such processes as 
production of individual elements, assembly, 
wiring and alignment. 

t Manuscript received 1st July 1959. (Contribution 
No. 22.) 

State Committee for Radio Electronics, Moscow. 
U.D.C. No. 621.397.62 

The standardization of manufacturing pro-
cesses, as well as the unification of circuit units 
and their centralized production, is common 
practice in the U.S.S.R. The aim of the pro-
gramme is to attain maximum unification in the 
production equipment for complex mechaniza-
tion and automation processes in order to 

decrease the prices of receivers and to simplify 
their servicing. Such unified circuit units include 
the tuner, deflection yoke, line and frame out-
put transformers, power supply sources, etc. In 
addition, the receiver parameters have been 
normalized to give three receiver classes. 

All television receivers with 21-in. (or greater) 
picture tubes, with the maximum number of 

§ Editorial note.—At the January 1959 Census the 
population of the U.S.S.R. was 208,826.000. 
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Fig. 2. A reproduction of thç circuit diaeram of the transistorized television receiver, "Sputnik-2," as shown during the presentation of the paper. 



TELEVISION RECEIVER PRODUCTION IN THE U.S.S.R. 

automatic controls and with high quality sound, 
belong to the first class. The most wide-spread 
class however is the second, with 17-in, picture 
tubes. The third class sets are the cheapest, with 
picture tubes not exceeding the 14-in. size. 

In addition to these three classes, a certain 
quantity of projection and extra high-quality 
models are being produced. The latter combine 
television receivers, radios, magnetic-tape 
recorders and record players. (See Fig. 1.) 

The chassis of all models in any of the classes 
are being unified as far as possible. The main 
difference between sets in the same class will be 
their cabinets. 

All first and second class models as well as 
a number of third class models, are equipped 
for f.m. broadcast reception. This is done be-
cause of the continuous growth in Russia of the 
number of f.m. transmitters. 

At present 70-degree picture tubes with mag-
netic deflection and electrostatic focus are being 
used in practically all receivers. However, set 
manufacturers are already making preparations 
for the transition to 110-degree tubes. Experi-
mental models of such sets have already been 
developed and their mass production is to start 
this year (1959). 

In mass-production and experimental models 
wide use is made of fast-acting automatic gain 
controls, automatic brightness controls, noise-
immune synchronization circuits, stabilization of 
picture dimensions. phase correction in video 
amplifiers and remote and push-button controls. 
At present work is being carried on with the aim 
of introducing automatic frequency control cir-
cuits for tuners. Such circuits would permit the 
tuners to be considerably simplified and would 
provide easier, more accurate tuning for the 
inexperienced user. "Magic-eye" indicators are 
not being used in the U.S.S.R., since they are 
regarded as having no prospects. Research 
work is also being conducted to develop electro-
luminescent screens. 

In the U.S.S.R. great interest is shown in the 
possibility of using crystal diodes and triodes in 
television receivers. Crystal diodes have com-
pletely replaced vacuum diodes in all models in 
the power supply circuits, detector circuits, and 
pulse circuits. Research work is being carried 

on in an attempt to replace all valves with tran-
sistors, with the aim of increasing reliability, 
decrease the power consumption and make it 
possible for reception to be carried on under 
adverse power supply conditions (tourist-type 
sets, automobile sets, portable sets for out-of-
the-way spots. etc.). 

Fig. 3. The transistorized television receiver 
"Sputnik-2." 

In 1957, the television set "Sputnik" was 
developed in the U.S.S.R. This set, except for 
the picture tube, contained only crystal diodes 
and triodes and was exhibited at the Inter-
national Exhibition in Brussels. The "Sputnik" 
was designed for a 12 volt automobile battery 
supply, consumed about 12 watts, weighed 6.5 
kg, and had a sensitivity of about 200 !IV. Pic-
ture dimensions were 150 x 113 mm. 

In 1958, a new model with 200 x 150 mm 
picture dimensions was developed, which was 
displayed at the New York Exhibition (Figs. 2 
and 3). Known as the "Sputnik-2," this set is 
also designed for an automobile battery power 
supply and has a number of improvements com-
pared with the first model. Noise-immune 
synchronization has been introduced, the resolu-
tion increased to 500 lines, and the sensitivity 
increased to 100 RV, while the power 
consumption and weight remain unchanged. 

At the present time, the development of an 
experimental model of a 17-in, receiver contain-
ing only crystal diodes and triodes, with the 
exception of the picture tube, is near comple-
tion. This set can be powered from batteries or 
from the usual a.c. line. Mass production of 
transistorized sets is due to start in 1961-62. 
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Radio Engineering Overseas . . . 

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

H.F. TRANSISTORS 
A Czech paper considers the problems involved 

in the measurement of high frequency charac-
teristics of transistors by introducing the transfor-
mation relationships between the measured values 
of the real and imaginary components of the input 
and output admittance and the parameters of the 
equivalent circuit. Line and vector circle repre-
sentations of the transistor input circuit facilitate 
considerations with regard to the validity of the 
Giacoletto equivalent circuit of the transistor, or 
the accuracy of measurement, as well as the deter-
mination of some of its circuit properties. From 
the no-load admittance diagram of the output cir-
cuit of the transistor it is possible to determine its 
collector resistance, capacitance and the cut-off fre-
quency. 
' Measurement of the high frequency characteristics 

of transistors." S. Vojtasek, F. Zajic and M. Stanek. 
Slaboproudy Obzor, 20, pp. 361-367, June 1959. 

TRANSISTOR CIRCUITS 
A design formula for a bistable multivibrator 

with junction transistors is derived in a Czech 
paper. Second order parameters are neglected to 
obtain simple relationships in which the nominal 
values of resistors can be used. The region of 
realizability is expressed in terms of inequalities 
thus facilitating choice of values. On the basis of 
the presented design procedure a complete transis-
tor decade circuit is worked out. The overall 
power consumption is 60 mW. The decade state 
indication arrangement put forward by the author 
permits direct read-out of the number of pulses 
received. It is possible to use this arrangement not 
only with transistor decades which use low voltage 
supplies but also in vacuum tube type dividers with 
any type of interstage coupling. 

"Design of a junction type transistor divider chain 
Ind indication of its state." V. Spany. Slahoproudy 
Obzor, 20, pp. 378-381, June 1959. 

WIND-DRIVEN POWER SUPPLIES 
It is usual for a mains supply with Diesel-

generator stand-by equipment to be employed for 
supplying power to microwave relay stations. The 
installation and the maintenance of high voltage 
lines, however, frequently causes excessive costs in 
regions with a mains supply network having wide 
meshes or in mountainous regions. For this reason 
the Federal German Post Office has carried out 
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tests extending over several years in order to deter-
mine the extent to which the power supply for a 
decimetric radio repeater station can be provided 
by wind-driven generators independently of the 
mains supply and with a minimum of use of stand-
by equipment. The means and the conditions for 
a successful result of the test are described. 
"The wind driven power supply for the s.h.f. radio 

relay station Schoneberg (Eifel)." G. Rosseler. 
Nachrichtentechnische Zeitschrift, 12, pp. 352-360, 
July 1959. 

ISOLATORS 

New resonance type ferrite isolators have been 
developed for use in frequncy modulated radio 
links for 960 channels in the 4000 Mc/ s band, 
1800 channels in the 6000 Mc/s band and 120 
channels in the 7000 Mc/ s band. It is possible to 
obtain, in comparison with earlier designs, higher 
ratios of reverse to forward attenuation (up to 
150: I) and an increased stability against tempera-
ture effects. The isolator for the 4000 Mc/ s band 
operates over a fixed band of 400 Mc/ s width 
(reverse attenuation 26 db, forward attenuation 0.3 
db), the isolator for the 6000 Mc/ s band over a 
fixed band of 500 Mc/s width (reverse attenuation 
30 db, forward attenuation 0.2 db) and the isolator 
for the 7000 Mc/s band over an adjustable band 
of 300 Mc/s width (reverse attenuation 50 db, for-
ward attenuation 0.4 db). The reflection coefficient 
is less than 1 per cent, in each case. The 300 Mc/s 
band of the 7000 Mc/s isolator is adjustable to 
three successive ranges. The band from 6325 to 
8025 Mc/s can be covered by two models. 
"New isolators for radio links." J. Deutsch, W. 

Haken and C. von Haza-Radlitz. Nachrichtentech-
nische Zeitschrift, 12, pp. 367-70, July 1959. 

A.F. TELEMETRY 

A tele-voltmeter has been described by an 
engineer with the Australian Postmaster General's 
Department which may be used to monitor up to 
22 voltages at a remote installation, with an 
accuracy of 3 per cent. The information is trans-
mitted over a standard telephone channel as a saw-
tooth voltage of variable frequency in the range 
500-2,500 c/s. The inputs are connected by 
means of a 25-position uni-selector stepping switch. 

"Variable audio frequency tele-voltmeter." H. R. 
Harant. Proceedings of the Institution of Radio 
Engineers, Australia, 20, pp. 338-343, June 1959. 
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