tlectronic
Engineering

Let us design and manufacture the
multi-unit cable you need to meet
your specific requirements! It may include co

twin, quad and small power or control cores in any combination.

We bhave produced numerous multi-unit low-loss cables

to meet specialised needs* as well as a wide range of R.T.

cables for every use, and now olfer YOU the services of

our engineers and the vast research and production facilities
of the BICC organization.

Why not investigate this unique offer ? Write to-day

and let us assist with your low-loss cables problems.

*The flexible mulii-core cables shown

were  specially produced by
BICC for Pye Ltd. mobile television
equipment.

LOSS CABLES

INSULATED CALLENDER?®*S CABLES LIMITED
HOUSE, NORFOLK STREET, LONDON, Ww.C.2
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.. .BUT WE DON’'T RELY ON ACCIDENTS

In the year 1780 Professor Galvani,
a learned anatomist, was dissecting a
frog on a table in bis laboratory at
Bologna. His assistant touched the frog
with a scalpel which bad become acci-
dentally charged by contact with a near-
by static electrical machine. The frog’s
leg awitched violently and important
discoveries in electrical theory resulted.

Discovering facts which enable better materials and processes to be
developed is more often a matter of patient investigation and extended
trials than of luck.

We do not rely on the happy accident. We have a well-equipped
Research Laboratory and a staff of experienced metallurgists and
engineers. Their approach is scientific and their object is to overcome
difficulties in fabrication and to develop improved materials to do
a practical job.

If you have a problem affecting the choice of a material, write to us
about it — our services are freely at your disposal.

THE MOND NICKEL COMPANY LIMITED, SUNDERLAND HOUSE, CURZON STREET,LONDON, W .1
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CLASSIFIED ANNOUNCEMENTS

The charge for these advertisements at the LINE RATE (if under |” or |2 lines) is : Three Iines or unqer 7/6, each a'f!dition?I ‘Ime 2/6.

(The line averages seven words.) Box number 2/- extra, except in the case of advertisemen ts in ¢ Situations Wanted,'’ when it is adde,d

free of charge. At the INCH RATE (if over |” or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s

Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. | v rs sh [

to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked ** Electronic .Englneermg. Advertisements
must be received before the 14th of the month for insertion in the following issue.

Replies to box numbers should be addressed

OFFICIAL APPOINTMENTS

PROFESSIONAL ENGINEERS are urgently
needed by the Ministry of Supply for work of
great National importance. The Civil Service
Commissioners invite applications for permanent
appointments of Professional Engineers (Higher
Departmental Grades) in the Ministry of
Supply. Applications will be accepted at any
time before 30th June, 1951, but a closing date
for the receipt of applications earlier than 30th
June, 1951, may eventually be announced. Selec:ed
candidates will be interviewed as soon_as possible
after the receipt of their application forms.
Candidates are advised to apply as early as
possible. Candidates must be at least 30 years
of age on Ist January, 1951. Candidates must
(1) be Corporate Members of one of the Insti-
tutions of Civil, Mechanical or E'ectrical Engi-
neers, or Associate Fellows of the Royal
Aeronautical Society, or (2) have served an
engineering apprenticeship or pupilage including
a minimum period of two years in the work-
shops of a reputable establishment, and either
hold a University Degree in Engineering, or a
Higher National Certificate in mechanical or
electrical engineering with the endorsements
necessary to secure exemption from the whole
of the Associate Membership examination of one
of the above named professional Institutions,
or have passed any other exam'nations recognised
by one of the above-named Institutions as grant-
ing exemption from the who'e of its Associate

Membership examination or by the Royal
Aeronautical Society as exempting from its
Associate Fellowsh’p examination. Candidates

will be required to undertake the more respon-
sible duties in a wide variety of p-ofessional
engineering work. Preference will be given to
those candidates with experience in (a) The
design’ and construction of large factories and
the necessary plant and services, (b) the design
of radio and radar equipment, (c) the design and
development of very high precision medivm and
light mechanical devices, (d) the production of
aircraft engines or electric cables, (e) the instal-
lation and maintenance of plant, gas, electrical
water and steam services in large factories, (f)
grqduction management in a large factory
lling ammunition. In some cases houses will
be avajlable at moderate rents for successful
candidates. London Salary Scales;—Men—Main
Grade £750-£1,000; Senior Grade £1;050-£1,270.
Women—Main Grade £650-£850: Senior Grade
£900-£1,100. Further particulars and appl cation
forms from the Civil Service Commission,
Scientific Branch, Trinidad House, Old Burling-
ton Street, London, W.1, quoting No. S87/51.
Completed application forms should be returned
as soon.as possible. W 2815

RESEARCH FELLOWSHIPS. Applications are
invited for a limited number of Senior and
Junior Research Fellowships, tenable for three
ears at the Telecommunications Research
tablishment, Malvern, Worcestershire, com-
mencing in Autumn 1951. Fellows will be
expected to cafry out fundamental research in
experimental or theoretical physics or _elec-

tronics. A wide range of subjects will be
available within fields of interest to the
Establishment. Candidates for Junior Fellow-

ships should normally have had at least two
years post-graduate research experience and
should "preferably be aged 23-26; for Senior
Fellowships they should have had at least three
years post-graduate experience and should
preferably be aged 26-30.
British subjects. Remuneration will depend on
individual merit and will be between £650-£750
for Senior Fellows and £475-£575 for Junior
Fellows. Both carry F.S.S.U. benefits. At the

expiry of a Fellowship the holder may be

considered for a permanent post at the Estab-
lishment if he so desires. Applicants should
write to the Chief Superintendent, Telecom-
munications Research Establishment, Malvern,
‘Worcestershire, for application form which must
be returned to that address by Ist May, 1951,
accompan’ed by suitable testimonials regarding
research ability, and, where possible, copies of

published papers. W 2829
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Candidates must be .

PHYSICISTS and FElectrical Engineers are in-
vited by the Ministry of Supply to apply for
the following unestablished appointments at
Experimental and Development Establishments
for work on out-door instrumentation. Senior
Scientific Officer. Candidates shou!d be at least
26 years of age and possess a Ist or 2nd class
Honours Degree in Physics and have had at
least 3 years post-graduate research or other
approved experience in electronics. =~ Some
knowledge of experimental range technique and

THE CIVIL SERVICE Commissoners give
notice that an Open Competition for pension-
able appointment to the Assistant (Scientific)
Class (Basic Grade) will be held during 1951.
Interviews will be held throughout the year,
but a closing date for the receipt of applica-
tions earlier than December 1951 may even-
tually be announced either for the competition
as a whole or in one or more subjects.
Successful candidates may expect early appoint-
ments. Candidates must be at least 17§ and

procedure, particularly technical photography,”* under 26 years of age on Ist January 1951,

is desirable, Experimental Officer Class. Candi-
dates must possess a minimum qualification of
Higher School Certificate with Physics as a_main
subject but other qualifications, e.g., Higher
National Certificate in_ Electrical
would be acceptable. Experience in design of
electronic apparatus and interest in technical
photography is desirable. Starting salary will
be determined on age and an assessment of the
successful candidates’ qualifications and experi-
ence within the ranges:—Senior Scientific Officer
(minimum age 26) £670-£860 Provinces. This
post carries F.S.S.U. benefits. Senior Experi-
mental Officer (minimum age 35), £705-£895
Provinces. Experimental Officer (minimum age
28) £495-£644 Provinces. Assistant Experimental
Officer  £230-£490—London,  £220-£460—Pro-
vinces. Rates for women somewhat lower.
Application forms obtainable from Ministry of
Labour and National Service Technical and
Scientific Register (K). York House, Kingsway,
W.C.2, auoting A95/51A. Closing date 23rd
April, 1951. W 2806

ADMIRALTY. Vacancies exst for Electrical
and/or Mechan’'cal Engineering Draugh‘smien in
Admiralty Research »nd Development FEstablish-
ments located in_the vicnity of Weymouth,
Portsmouth, Teddington (Middlesex) and Ba'-
dock, Herts. Draughtsmen experienced in light
current, electro-mechanical precision mechanical
and electronic equipment are particularly needed.
Candidates must be British subjects of 21 years
of age and upwards, who have had practical

.workshop experience (preferably an apprentice-

sh'p) together with Drawing Office experience.
Appointments will be in an unestablished
capacity. but opportunities may occur for quali-
fied staff to compete for established posts. The
salaries offered, depending on age, experience,
ability and place of duty, will be within the
range £283-£510 p.a. Exceptionally well quali-
fied cand‘dates may be considered for appoint-
ment in a higher grade within the salary range
£470-£610 p.a. Hostel accommodation is avail-
able at some Establishments. Applications,
stating age and details of technical qualifications
and apprenticeship (or equivalents) and Work-
shop and Drawing Office experience, should be
sent to Admiralty (C.E.11, Room 88) Empire
Hotel, Bath. Original testimonials should not
be forwarded with application. Candidates
required for interview (at London or RBath
whichever is nearer) will be advised within two
weeks of receipt of application. W 2780

BBC invites applications for two posts in the
Radio Section of Planning and Installation
Department, London. The duties of the posts
include the preparation of specifications for
radio and video frequency transmitters, super-
vision of installation and acceptance trials and
conduct of necessary correspondence. App'i-
cants should have a University Degree in
Electrical Engineering or equivalent qualifica-
tions and a thorough basic knowledge of power
and radio engineering is essential. Experience
in planning and installation of short-wave and
V.H.F. transmitters and associated equipment
desirable. Knowledge of television theory and
practice and/or transmission line and aerial
technique advantageous. Starting salary £745
p.a. (may be higher if qualifications and experi-
ence are exceptional) rising by annual increments
on a S-year progression to £965 p.a. The
successful applicants will become eligib'e for
consideration for appointment to establ'shed
staff (contributory pension scheme) after two
years’ qualifying period. Applications, stating
age, qualifications and experience to reach
Engineering Establishment Officer, Broadcasting
House, London, W.1, within 7 days.

W 2805

with extension for regular service in H.M.
Forces, but other candidates over 26 with
specialized experience may be admitted. All
candidates must produce evidence of having

Engineering— reached a prescribed standard of education,

particularly in a science subject and of thorough
experience in the duties of the class gained
by service in a Government department or
other civi'ian scientific establishment or in
technical branches of the -Forces, covering a
minimum of two years in one of the following
groups of scientific subjects: (i) Engineering
and physical sciences. (ii) Chemistry, bio-
chemistry and metallurgy. (iif)  Biological
sciences. (iv) General (including geology,
meteorology, general work ranging over two Or
more groups (i) to (iii) and highly skilled work
in laboratory crafts such as glass-blowing).
Salary according to age up to 25—men £215
(at 18) to £330 (at 25)—£455; rather less in
the provinces and for women. Opportunities
for promotion. Further particulars and appli-
cat‘on forms from. Civil Service Commission,
Scientific Branch, Trinidad House, Old Bur-
lington Street, London, W.l, quoting No.
S 59/51. Completed application forms should
be returned as soon as possible. V‘\/2831

‘7
ELECTRONIC ENGINEERS are invited~ té
app'y for appointments in the Ministry of
Supply to work near London or at provincial
stat’ons on the deve'opment and design of elec-
trically operated systems for a variety of
applications including weapons. telecommuni-
cations and radar equipment. The responsibi-
lities of the posts will vary according to the
age, qualifications and exper’ence of the
selected candidates, and acceptable qualifica-
tions range from 1st or 2nd Class Honours
Degree in physics or light electrical engineering
or eauivalent qualifications. Corporate Member-
ship of the Institution of Electrical Engineers
to Higher School Certificate, H'gher National
Certificate. etc. Grade and entering salary will
be determined af‘er interview on ranges up to
approximately £900 a year. Some posts carry
F.8.S.U. benefits but all are
Application forms obtainable from M.L.N.S.,
Technical and Scientific Register (K). York
House, Kingsway, W.C.2. quoting D 134/51A.
Closing date 24th May, 1951. W 2834

..

unestabl’shed. -

"MINISTRY OF SUPPLY require Production .

Officers and Assistant Production Officers in
London for techn‘cal .work on plann‘ng and pro-
duction of eaquipments in ore or more of the
following:—Radio; Line Telecomm. Army
Radar: Electronic Instrumen‘s: Primary and
Secondary Batteries; also provis‘on of associated
spares. Applicants must be British of British
parentage, have served recognised eng‘neering
apprenticesh’p and preferably hno'd  Higher
National Certificate or equivalent. Good general
knowledge and experience of one or more of
above eaquipments essential. Sa'ary Range: P.O.
£625-750 p.a.. A/P.O., £500 (if age 30, less
below 30)-£625 p.a. Appointments are un-
established but opportunities for establishment
may arise later. Write for application form
which should be returned comp'eted -by 16th
April, 1951, to Ministry of Labour and National
Service. Technical and Scientific Register (K),
York House, Kingsway, London, W.C.2, auoting
(D95/51A). W 2788

RADAR AND ELECTRICAL Contro! Equip-
ment Technicians wanted for work of National
Importance. Vacancies exist in various locations
in the London and Home Counties area. Good
prospects exist of advancement. Salary Scale
£400 p.a. rising to £525 p.a. Apply with full
details of qualification, experience and area
preferred to 1 A.A. Group Workshops, Shrapnel
Barracks, Woolwich, S.E.18. W 2826

ELECTRONIC ENGINEERING
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CLASSIFIED ANNOUNCEMENTS (Cont'd.)

ROYAL AIR FORCE—Education Branch Per-
manent and Short Service Commissions. Appli-
cations are invited for Permanent Commissions
(age limit 23-33 years) or for Short Service
Commissions for 3, 4 or 5 years (minimum
age 21 years). University graduates in Physics,
Engineering (Mechanical, Aeronautical, Elec-
trical, Electronic or Radio) or Mathematics are
mainly required. Candidates for Permanent
Commissions should ordinarily be first or
second class honours graduates in one of these
subjects. Pay on appointment depends on
qualifications, experience and war service. Thus
a first class honours graduate aged 25 may
receive pay of £529 a year and, if married,
marriage allowance of £338. Single officers
receive free furnished accommodation, Al
officers draw rations in kind, or a tax-free
allowance of £60 a year in lieu. There is time
promotion to Squadron Leader, in which rank
pay and marriage allowance rise to £1,232 a
year (plus rations or ration allowance). Pro-
motion to Wing Commander and higher rank
is by selection. Retired pay for Permanent
officers varies with rank (e.g. £625 for Wing
Commander, £825 for Group Captain). Some
Short Service officers will be selected annually
for permanent commissions. Those not so
selected receive a gratuity on completion of
" service. Short Service in the Education Branch
can be treated as contributory for teachers’
superannuation purposes. Women's Royal Air
Force. Vacancies exist for Education Officers
on Permanent and Short Service Commissions.
Qualifications and conditions as for men except
that pay rates are about three-quarters and
retired pay rates about two-thirds of those for
men.  Free furnished accommodation and
rations are provided. Full details and applica-
tion forms for all the above appointments
from Air Ministry A.R.1, Kingsway, London,
w.C.2. w2772

SITUATIONS VACANT

ELECTRO-MECHANICAL ENGINEER required
Good academic qualifications and recognised
apprenticeship desirable. Experience in electrical
and electro-mechanical methods of computation ;
servo theory, and instrument design preferred.
Apply with full details of experience and salary
required to the Personnel Manager, Sperry
Gyroscope Co., Ltd., Great West Road, Brentford,
Middlesex. W 125

MECHANICAL ENGINEER required. Good
academic qualifications and recognised apprentice-
ship desirable. Preferably experienced in one or
more of the following : Precision mechanical
design ; hydraulics or pneumatic servo systems ;
servo theory ; aerodynamics. Apply, with full
details of experience and salary required to the
Personnel Manager, Sperry Gyroscope Co., Ltd.,
Great West Road, Brentford, Middlesex. W 129

ELECTRONIC ENGINEER required. Good
academic qualifications and recognised apprentice-
ship desirable. Required for development work
on control systems. Experience of D.C. amplifiers
and computing devices an advantage. ~ Apply with
full details of experience and salary required to the
Personnel Manager, Sperry Gyroscope Co., Ltd.,
Great West Road, Brentford, Middlesex. W 127

MARCONI’S WIRELESS TELEGRAPH Co. Ltd.
invite applications from persons interested "in
joining teams which will spend a considerable time
in various parts of the world carrying out wave
propagation experiments leading to the selection
of sites for the erection of wireless stations.
Preferably applicants should possess a University
Degree, but consideration will be given to those
possessing other qualifications. Selected applicants
will be trained under expert guidance in this
country before taking up duties, and will be
employed in the laboratory during intervals of
home service. In addition to normal home pay,
successful applicants will receive an overseas
allowance and liberal expenses whilst abroad.
The Company operates a Staff Pension Scheme.
Apply, quoting Ref. 833, to Central Personnel

Services, English Electric Co. Ltd., 24-30,
Gillingham Street, London, S.W.1. 267
PROMINENT AIRCRAFT firm in Greater

London area, commencing new project of great
National importance, offers unique opportunity
for advancement. High salaries with monthly staff
status and Pension Scheme offered to suitably
qualified applicants. Electronic Engineers with
Ist Class Honours Degree in Mathematics or
Engineering preferably with several years’ practical
experience, though not essential. Apply, ‘stating
age, nationality and experience, to Box Ac.58212,
Samson Clarks, 57-61, Mortimer Street, W{N 531

ELECTRONIC ENGINEERING

FERRANTI LIMITED, Moston Works, Man-
chester, have staff vacancies in connexion with
long term development work on an important

radio tele-control project. (1) Senior Engineers or
Scientists to take charge of research and develop-
ment sections. Qualifications include a good
degree in Physics or Electrical Engineering and
extensive past experience in charge of development
work. Salary according to qualifications and
experience in the range of £1,000-£1,500 per
annum. Please quote reference R.S.E. (2)
Engineers and Scientists for research and develop-
ment work in the following fields :-——Radar, radio
and electronic circuits, microwaves, high-power
centimetric valves, vacuum and/or high voltage
techniques, servo-control and electro-mechanical
devices. Qualifications include a good Degree in
Physics or Electrical Engineering or Mechanical
Science, or equivalent qualifications. Previous
experience is an advantage but is not essential.
Salary according to qualifications and experience
in the range, £420-£1,000 per annum. Please
quote reference R.T.E. (3) Technical Assistants
for experimental work in the fields listed in (2)
above. Qualifications required : A Degree or
Higher National Certificate in Electrical or
Mechanical Engineering or equivalent qualifica-
tions. Salary in the range of £260-£550 according
to age and experience. Please quote reference
R.T.A. The Company has a Staff Pension Scheme,
and will give housing assistance in special cases.
Application forms from Mr. R. J. Hebbert, Staff
Manager, Ferranti Limited, Hollinwood, Lancs.

W 2764

ELECTRONIC TESTERS required for firm
manufacturing instruments and servo mechan-
isms in West Country. Housing available.
Interviews in London area. Box No. W 1278.

A SALES OFFICE Administrative Assistant is
required for the Electronic Control Equipment
Department of a large Midlands firm. Appli-
cants should be experienced in dealing with
Representatives and with customers’ enquiries,
and have some knowledge of organised sales
promotion and selective circularisat.on. Prefer-

ence will be given to those who have light
current technical training or practical back- -
ground. Write, giving details of experience and

mentioning Ref. HBG, to Box No. W 2822.

UNIVERSITY COLLEGE, LONDON (Gower
Street, W.C.1), requires Glassblower experienced
in using glassblowing lathe, in constructing
vacuum equipment and simple electrode systems,
and in making common types of glass to metal
seals. Scale £7 10s. to £9 5s. according to
qualifications. Family Allowance Scheme and
four weeks’ annual holiday. Applications forms
from Secretary. W 2828

ELECTRONIC MECHANIC required by Oil
Refinery for maintenance work on Process Con-
trollers. Applicants must have experience of
automatic electronic control. Industrial experi-
ence preferable but not essential. Apply Box
No. W 1283,

PROMINENT AIRCRAFT FIRM

National importance offers unique opportunity for advancement.

status, and pension scheme offered

in Greater

to suitably qualified applicants.

London area commencing new project of
High salaries with monthly

Engineers required

with good theoretical and practical experience in design and research in any of the following

specialist groups:—a) Radar,

Amplifiers, (d) Electro-mechanical measurement techniques.

University Degree desirable though not

essential.

Marine or Aijrcraft, (b) U.H.F. Radio, (c) Low Frequency

City & Guilds qualification or

Apply stating age, nationality and

experience to Box AC60194, Samson Clark & Co., Ltd., 57-61 Mortimer Sireet, London, W.1.

W 2790

THE G.E.C. is re-organising and expanding its
radio engineering development. and production
units, both for its peacetime needs and for Govern-
ment Contract work. It requires additional men
of calibre and experience in its Coventry group of
factories for work of considerable “importance.
Suitable Engineers, Physicists, Designers, Draughts-
men, Testers and Production Engineers, with
experience of electronics, telecommunications and
radio are offered an unusual opportumty of joining
this developing side of the Company’s business.
Good conditions, excellent social facilities, interest-
ing work, pension scheme. Considerable scope
exists for men with energy and determination to
overcome day to day difficulties. Write, giving
precis of training, experience, etc., and salary
required. Interview either Coventry or London,
to : The General Electric Co., Ltd., Radio and
Television Works, Spon Street, Coventry. W 2773

RADIO ENGINEER required for Test Instrument
Laboratory, with experience of design and manu-
facture of test apparatus. One without experience
but having good qualifications and an interest in
the subject would be considered. Write, giving
full particulars, age and salary required, to Per-
sonnel Department, Murphy Radio Ltd., Welwyn
Garden City, Herts. W 2735

ASSISTANT wanted on staff of Research Depart-
ment in Midlands, for work on special valves and
radar. State experience and qualifications to
Box No. 837, T. & G., 101, St. Martin’s Lane,
w.C.2. : w2757

DIGITAL COMPUTERS: Ferranti Limited,
Moston, Manchester, are engaged upon the long
term development and exploitation of digital
computers. This interesting work covers vacuum
physics, the electronic and electrical properties
of materials, computing and pulse circuit tech-
niques, electrical and mechanical recording,
electromechanical mechanisms, precision me-
chanical engineering and power supply equip-
ment. In the course of this work there are
occasional vacancies for senior engineers with
wide experience from whom enquiries will be
welcomed at any time. There are immediate
vacancies for: (I) Engineers and Scientists for
research and development work in the above
fields. Qualifications include a good Honours
Degree in Physics or Engineering, or equivalent
experience. Salary according to qualifications
and experience in the range £450 to £1,000 per
annum. Please quote Ref. D.C.E. (2) Tech-
nical Assistants for experimental work in the
above fields. Qualifications are a Degree or
Higher National Certificate in Engineering, or
equivalent. Salary according to age and experi-
ence in the range £350 to £650 per annum.
Please quote Ref. D.C.A. The Company has a
Staff Pension Scheme and will give housing assis-
tance in special cases. Application forms from
the Staff Manager, Ferranti Limited, Hollin-
wood, Lancs. W 2825

CLASSIFIED ANNOUNCEMENTS

continued on Page 4
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;- EKCO RADIATIO_N

MONITOR Typeli32A

This Monitor is designed for use [ » {
with X-Rays and will give accurate Type 1132A | Type '043C‘ Type 1118A
indication of dosage of soft radia- _ |
; ; 2 i - Range | 0-15 0-125 ‘ 0-15
tion. It is self-contained and Port mRjbr | 02150 01250 OoieD
able. Thereare other Ekco Monitors
of similar design for Gamma dosage .
. : i
and Beta qualitative detection, as Use | X-radiation| Gamma dosage and Beta .
3 10KeV litati gcI tecti STAND No. 49
i i : : eV up- qualitative detection 5
HECIGES ' wards Physical Society Exhibition

E. K. Cole Ltd. can supply a complete range of equipment for the radio-
K 0 ' chemical laboratory. Write for catalogue giving full specifications and prices.

E. K. COLE LIMITED, ELECTRONICS DIVISION
Sales Office : 5 Vigo Street, London, W.1. "Phone : Reg. 7030

Continuous
Production
of Pressings.
& Stampings.

Quanmy Pressings and Stampings in Continuous
Production, including drawn work in Brass and
other Copper Alloys, Aluminium and Steel. to
manufacturers’ requirements.

Capstan and- Automatic Machined Brass Parts up to
17" bar diameter.

Hot Brass Pressings up to (4 Ibs. each.

Chrome and Nickel Plating, Polishing, Bronzing.
Coppering. and all metal finishing.

Rolled Brass and Aluminium Strip in coils or in
lengths.

WRIGHT, BINDLEY & GELL LIMITED

PERCY ROAD. GREET

TELEPHONE TELEGCRAMS

vicroria 2295/6/2(8x) BIRMINGHA M, 11. BINDLEY B'HAM.II
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CLASSIFIED ANNOUNCEMENTS (Cont’d.)

NATIONAL COLLEGE of Horology & Instru-
ment Technology. The Minister of Education,
in consultation with the Board of Governors,
proposes to appoint from lIst September, 1951,
a Head of the National College of Horology &
Instrument Technology. The College is accom-
modated at the Northampton Polytechnic, St.
John Street, London, E.C.1. The College pro-
vides for technical education and research to
the highest levels in connexion with the horolo-
gical and the instrument making industries. The
curriculum is being developed, but is at present
confined to a three-year General Course in Horo-
logy. Candidates for the post must have good
academic qualifications and industrial experience.
Salary scale not less than £1,100 by increments
of £50 a year to £1,250 p.a. The post is recog-
nised for pension purposes under the Teachers’
Superannuation Acts. A letter of application to
include particulars of age, academic qualifica-
tions, industrial experience,” and the names of
three persons to whom reference may be made,
should be sent to the Secretary, National College
of Horology & Instrument Technology, Nor-
thampton Polytechnic, St. John Street, London.
E.C.1, within three weeks of the appearance of
this advertisement. W 1276

A FUNDAMENTAL Physical problem of great
importance and intefest awaits solution by a
Research Team now being built up. Candidates
qualified by Honours Degrees and with experi-
ence in Physical problems, who are prepared for
hard and interesting work, and who seek a per-
manent_pensionable ' post, with good prospects,
are invited to send full personal particulars to
the Plessey Company Limited, Ilford, quoting
Ref. A/A. They should be between the ages
of 25 and 35, and British born. W 2827

PHYSICIST. Interesting vacancy occurs in the
Research and Development Section of a large
Engineering Company situated in Wiltshire.
Applicants should possess a good Degree, and
have had at least two years’ industrial experi-
encé. A knowledge of Radio Components and/
or moulding technique an advantage, but not
essential. The appointment is of a permanent
nature, pension scheme in operation. Write
stating full detajls of experience to Box No.
W 2819.

ESTIMATING ENGINEER required in the Tele-
communications Division of large light engineer-
ing Company in the Eastern suburbs of London.
Experience must cover detailed estimating for
both low frequency and high frequency com-
munications equipment. Applicants should have
practical experience and adequate techn’cal
knowledge. This is a Senior appointment with
commensurate salary. Kindly state full details
to Box No. W 2830.

ELECTRONIC DEVELOPMENT ENGINEERS.
Vacancies exist for: (1) Senior Development
Engineer to be responsible under Technical
Director for the development and design of a
wide range of CRO and associated electronic
equipment. Applicants must have an Honours
Degree in Physics or Electrical Engineering
(Telecommunications) and some industrial ex-
perience. First class opportunity for a man with
original ideas and a keen interest in the subject.
(2) Development Engineer for work on interest-
ing development projects. A Degree in Physics
or Electrical Engineering is essential and some
industrial or research experience desirable.
Salaries according to age and qualifications.
Apply with full details to Southern Instryments
Ltd., Fernhill, Hawley, Camberley, Surna'/.
1281

ELECTRONIC ENGINEER REQUIRED to handle 250 Kijlowatt high frequency Induction

Heater.

essential.

De Havilland Propellers, Ltd., Manor Road, Hatfield, Herts.

Knowledge of Metallurgy and familiarity with high power Radio components

Please write stating age, experience and salary sought to Personne!l Manager,

W 2789

UNIVERSITY COLLEGE,” LONDON (Gower
Street, W.C.1), requires .Grade I Technician in
Department of Psychology. Experience in con-
struction and maintenance of clectronic and
electrical apparatus essential, with ability to
develop electronic apparatus on own initiative.
Minimum qualifications—Higher Nationa] Certi-
ficate in Electronics or City and Guilds Telecom.
with Radio TII. Salary £390 x £13 to £481,
depending on expericncé. Family Allowance
Scheme. Application forms from the Secretary.
quoting Psychology /2. W 28

INSTRUMENT SALES ENGINEER required
with mndern industrial instrumentation and
sound knowledge of electronics. Position entails
travelling the U.K. with headquarters in Lon-
don. Minimum technical qualifications Higher
National Certificate or equivalent. Preference
given to candidates with commercial experience.
Candidates 28/33 years of age should send full

particulars of education, training. career, salary

expected, enclosing, if possible, a photograph,
which d\'mll be returned, to Reference S, Box No.

REQUIRED by leading manufacturers of Hi5
Frequency Equipment, Sales Engineer with elec-
tronic experience, preferably with experience of
Kipc{ucnon of automobile or machine tool parts.
inimum standard, Higher National Certificate
or equivalent. Engineer will operate from Head-
quarters in London. Excellent prospects for
active, well-qualified engineer, 25/33 years of
age, who will be given every encouragement.
Candidates should write giving details of educa-
tion, training, experience, salary expected,
enclosing photograph, if possible, which will be
returned, to Reference Z, Box No. W 2823.

ELECTRONIC ENGINEERING

ROWETT RESEARCH INSTITUTE, Bucks-
burn, Aberdeen. Technician required ~with
train'ng and experience in electronics or elec-
trical engineering, to operate and maintain
physical instruments used for chemical analysis.
The appointment will be in the Experimental
Officer Grade for which candidates must be at
least 26 years of age. A superannuation scheme
is in force. Salary scale (Provincial) £495 X
£20—£645. Applications, stating date of birth,
qualifications and  experience, should be
addressed to The Secretary, Rowett Research
Institute, Bucksburn, Aberdeen. W 1282

SEVERAL FIRST CLASS project Design En-
gineers required for work of an intricate
mechanical and electromechanical nature. Only
qualified men capable of undertaking complete
design of projects, under guidance of Chief
Engineer and Chief Design Engineer, will be
considered. Experience in either of the follow-
ing* fields will be advantageous; Printing
Machinery, Automatic Feeding Apparatus, Tele-
printer  Principles and Electronic Cantrols.
Write in first instance giving full experience and
walg;czations to Chief Engineer, Box No.

WE ARE LOOKING for a man with drive,
ambition, and a power of leadership with un-
'mpeachable technical qualifications and experi-
ence in the design of light mechanisms for
quantity production. He will be required to
lead a development team on a new, long-term,
important project which will provide him with
an absorbing interest. Applicants who are able
to earn a fourfigure salary, and who have
experience in the design of light electro-
mechanical systems are invited to apply to
S.M. Box No. W 2811.

SENIOR DESIGN ENGINEER required to
undertake original work on Electronic Test
Equ'pment and Iron Cored Components. Qua i-

fications required include Degree or equivalent

and the ability to initiate and deve’op new pro-
jects to the production stage. Apply in writing,
giving full details of experience, to Advance
Components Limited, Back Road, Shernhall
Street, Walthamstow, London, E.17. W 1279

ASSISTANT ENGINEER required by large
Engineering Organization in East London area
for Capacitors Design and development. 21/25
years of age, good opportunities for advance-
ment. Degree or Higher National Certificate—
Electrical. Write stating age and qualifications
to Box No. W 2812. 5

ELECTRONICS : Senior Engineer required with
mature experience in design and manufacture
of modern and advanced apparatus. Send
fullest details of education and experience with
salary required to Box No. W 1275.

E.M.I. Engineering Development, Limited,
require experienced electronic engineers,
inc'uding team leaders, for the development and
des’gn of radar equipment. Applicants should
have a sound technical training with a Degree,
or equivalent qualification, and several years
experience in this field, a thorough knowledge
of microwave technique and ability to originate
circuitry is essential, The appointments are
for permanent pensionable staff and carry a
good salary and excellent prospects.  Appli-
cants should write quoting ED/34 and give full
details to Personnel Department, E.M.I.
Engineering Development, Limited, Blyth Road.
Hayes, Middlesex. W 2776

TECHNICAL WRITERS (Male or Female)
required to prepare and edit reports and hand-
books for publication. Qualifications:—A good
general training in electronics with practical

experience of electronic equipment desirable;

marked critical faculty and ability to write
clear English. Applicants should write giving
full details and quoting ED/19, to Personnel
Department, E.M.I., Ltd., Blyth Road, Hayes.
Middx. W 2777

E.M.I. Engineering Development, Limited, have
a number of vacancies for engineers and senior
engineers on interesting development work in
various electronic engineering projects. The
posts are for permanent pensionable staff and
offer good prospects. Qualifications: a Degree
in Physics or Engineering or equivalent,
together with several years design or specialised
experience in the following fields:—(a) L.F.
Equipment. (b) Television Equipment. (©)
Microwave Techniques. (d) Pulse Techniques.
(e) Servo Mechanisms. (f) Test Gear Design.
(2) Inspection. Applicants should write giving
full details of experience and type of work
required, and gquote ED/33, to Personnel
Department, E.M.I. Engineering Development,
Limited, Blyth Road, Hayes, Middx.

W 2778

ATTRACTIVE and interesting opportunities are
availab'e in an independent research group
located in West London on important radar
projects.  Applications are invited from experi-
enced Physicists or Electronic Engineers. Give
full particulars of age, education, qualifications,
experience and salary required to Box A.E. 283,
Central News Ltd., 17 Moorgate, E.C.2. -

W 2783

DESIGN ENGINEER required by unit of Eng-
lish Electric Co. Ltd., working on important
defence project, to undertake detailed design and
layout of electromechanical analogue computing
devices. Degree or H.N.C. essential and experi-
ence of Anti-Aircraft predictors. Magsl'p appli-
cations or the like desirable. Write giving full
details and quoting Ref. 862 to Central Per-
sonnel Services, English Electric Co. Ltd.. 24-30
Gillingham Street, London, S.W.1. W 2793

SENIOR DEVELOPMENT ENGINEER. A
large Engineering establishment in the North
Kent area are requiring the services of Senior
Development Engineers with technical and prac-
tical experience in electronics. Applicants should
possess~a good Degree, the minimum qualifica-
tions being the Higher National Certificate in
Electrical Engineering. A good knowledge of
Servo Mechanisms would be an advantage.
Reply, stating age and giving full particulars of
experience and salary rtequired to Box No.
W 278S.

YOUNG ENGINEER, with experience in under-
ground and internal cabling and small generating
sets and prime movers, required for installation
design section, responsible for planning radio
and similar stations. Write giving full details,
quoting Ref. HEG, to Box No., W 2787.
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CLASSIFIED ANNOUNCEMENTS (Cont'd.)

TELECOMMUNICATIONS Research and De-
velopment FEngineers are required by British
Telecommunicat'ons Research Ltd., a Company
associated with The Automatic Telephone &
Electric Co. Ltd., and British Insulated Callen-
ders Cahles Ltd., for work on long term
development projects. Applicants should pre-
ferably have a good University Degree in physics
or light electrical engineering and have had
experience of some aspect of development work
in any of the fol'owing fields: (a) W'de-band line
transmission systems and apparatus, or (b)
V.H.F. and U.H.F. radio communication systems
and apparatus, or (c) Electronic switching com-
puting and control systems and apparatus. Appli-
cations for a number of more junior posts are
also invited from Hons. Graduates in physics
or electrical engineering who have an interest
in the above fields. Salaries in accordance with
experience and qualiﬁcations?‘ Successful candi-
dates will be required to™join "the B.I.C.C.
superannuation scheme after an initial proba-
tionary period of 3 months. Application forms
obtained from the Director of Research, British
Telecommunications Research Ltd., Taplow
Court, Taplow, Buckinghamshire. W 2795

THE L.S.C. LTD. requires a physicist, holding a
first or second-class Honours Degree for work
involving the development of spectrographic
methods of analysis and the use of an electron
microscope. Experience with X-ray, spectro-
scopy and electron microscopy would be a dis-
tinct advantage, but a recent graduate having
specialist knowledge wou'd be considered for the
post. Written applications giving brief details
of age, training and experience, should be sent
in confidence to the Personnel Manager, 1.S.C.

Ltd., Avonmouth, Bristol. Please quote the
reference EE/P. W 2803
DESIGNER DRAUGHTSMAN aged 28/35.

Sound knowledge light electromechanical appara-
tus. Used to handling detailing dra&qhtsmen.
Education at least H.N.C. standard. 1d estab-

lished and highly reputed firm of instrument and .

telegraph engineers, S.E. area. Applications with
full particulars of age, experience and salary
required to Box No. W 2786,

THE FOLLOWING VACANCIES for Electrical
Engineers with experience of the design of elec-
tronic eaupment for production exist in a large
industrial Research Laboratory in the vicinity of
London: (1) Senior Engineer, age 35-45, starting
salary £1,000-£1,500, according to qualifications
and experience. (2) Engineers, age 27-35, start-
ing salary £600-£1.000, according to age and
exper'ence. (3) Jumior Engineers, age 23-27,
starting salary £400-£600, according to age and
experience. Candidates for posts (1) and (2)
should have had development experience on
medium to large scale projects, but for post (3)
candidates will be considered who have only
small experience in the electronic industry. All
posts will be permanent and a superannuation
scheme to which the firm contributes will be
available to those successful candidates who wish
to join. Applications must be made in writing
by April 30th, 1951. Before appointment, can-
didates will be expected to attend an interview
in the vicinity of London. Reasonable travel-
ling expenses will be paid. Please reply to Box
No. W 2813.

BELLING & LEE LTD., 540 Cambridge Arterial
Road, Enfield, Middlesex, wish to engage a
specialist to conduct aerial research and develop-
ment, particularly at television freguencies.
Applicarits must possess scientific qualifications
together with considerable experience in the field;
must be imaginative and original, and able to
work with minimum supervision. Excellent
research facilities are available and an attractive
salary will be offered to the right applican‘tv f

MIDDLESEX HOSPITAL Medical School.
Department of Physics Applied to Medic'ne.
Workshop technician required in the research
laboratories of the above Department. Experi-
ence in the construction of electronic equipment
essential. Salary on the scale £370 to £435 p.a.,
plus London weighting, superannuation and
family aliowance. Applications not later than
7th Ap-il. 1951. to the Secretary, Barnato Joel
Laboratories, The Middlesex Hosp:tal, London.
W.1. W 1273

SENIOR DESIGN DRAUGHTSMEN. Highly
reputed Company situated in Western area. An
extensive experience of design of light electro-
mecha~‘cal mechanisms is essential. Eduvcated
to H.N.C. Standard. The appointments are for
permanent pensionable staff and carry a good
salary. Write stating age and experience to Box
No. W 2818.

APRIL 1951

ELECTRONICS SECTION of the Motor Indus-
try Research Association requires for construc-
tion and development of electronic instruments,
Laboratory Assistant of Ordinary National
standard. Age about 25; salary according to
age and experience. Reply giving age, experi-
ence, qualifications and salary required, to Motor
Industry Research Association, Great West
Road, Brentford, Middlesex: W 2816

RESEARCH MEN required by Marconi’s Wire-
less Telegraph Co. Ltd., Chelmsford, for work
on problems connected with frequency measure-
‘ments and stability up to microwave frequencies.
Vacancies exist both for Thighly qualified
engineers or physicists with good experience in
this field as well as for a number of Juniors
with H.N.C. or similar qualifications. Salaries
offered will be by arrangement and will depend
upon the qualifications and experience of the
applicant. Pension Scheme. Please write giving
fu'l particulars and quoting Ref. 863, to Central
Personnel Services, English Electric Co., Ltd.,
24-30 Gillingham Street, London, S.W.1.

. W 2820

FLECTRONIC ENGINEERS. Well established
Company situated in Wiltshire,  Applicants
should have educational qualifications to HN.C.
standard and have served a recognised Engineer-
ing apprenticeship. A sound experience of design
and development of light electronic components
is essential. Permanent apgointments, pension
%(‘:/h;;;n%. Write stating qualifications to Box_No.
17.

DEVELOPMENT ENGINEER. Applicat’ons are
invited from Graduates with experience in radio
and television, Salary depending on qualifica-
tions and experience but not less than £500
per annum, Write giving details of age,
experience, etc., to Personnel Officer, Mitcham
Works, Limited, New Road, Mitcham Junction,
Surrey. W 2802

ELECTRONIC ENGINEER required for con-
structional design of industrial installations and
Laboratory equipment, and to assist in running
small production unit. Drawing Office experi-

ence in this work would bé considerable
advantage. Progressive and responsible post.
Excellent working conditions. 41-hr. week.
Canteen.  Write stating age, experience and

salary required to Director of Research, G.K.N.
Research Laboratories, Manor Works, Ettings-
hall, Wolverhampton. ’ W 2796

DEVELOPMENT ENGINEER required by
Electrical Component Manufacturers situated in
N.W. London, App’icants must be experienced
in mechanical and electrical engineering, and it
is desirable to have experience in model shop or
design-development work. Minimum qualifica-
tion Inter. B.Sc., or equivalent. Write giving
full details and stating salary required to Box
No. W 2797, .

McMICHAEL RADIO, LTD., require Senior
Project Engineers in their Equipment Division
Laboratory at Slough. Training and experience
in the field of Applied E'ectronics (including
Communications) and experience of working
with Government Departments are the chief
qualifications required. Salary will be com-
mensurate with ability. Write stating age, and
full details of training, qualifications and
experience to the Chief Engineer, Equipment
Division, McMichael Radio, Limited, Slough.
Bucks. W 2799

E. K. COLE, LTD. (Malmesbury Division),
invite applications from Electron‘c Engineers for
permanent posts in Development Laboratories
engaged on long-term projects involving the
following techniques:—(1) Pulse Generation and
Transmission. (2) Servo Mechanisms. 3)
Centimetric and V.H.F. Systems. (4) Video and
Feedback Amplifiers. (5) v.H.F. Transmission
and Reception. (6) Electronics as applied to
Atomic Physics. There are vacancies in the
Senior Engineer, Engineers and Junior Grades.
Candidates should have had at least 3 years
industrial experience in the above types of work,
together with educational qualifications equiva-
lent to A.M.IEE. examination standard.
Commencing salary and status will be commen-
surate with qualifications and experience.
Excellent opportunities for advancement are
offered with entry into a Pension Scheme after
a period_of service. Forms of application may
be obtained from Personnel Manager, Ekco
Works, Malmesbury, Wilts. ‘W 2800

VACANCIES exist for two_ experienced Elec-
tronic Testers in modern factory near Watford.
Interesting and varied work. Five day, 44 hour
week. Canteen. Remuneration according to
ability. Write stating age, experience and
salary required. Box No. W 2804.

EDITORIAL ASSISTANT—A will
staff  of JLECTRONIC
ENGINEERING for an Editorial Assistant. He

vacancy
shortly occur on the

should have a sound know!edge of electronic and
general scientific subjects and be able to write
good technical English. Knowledge of make-up,
Age 25 to 3S.
Appli-
cations with full detajls of education, training
and experience to: Staff Director, Morgan
Brothers (Publishers), Ltd., 28 FEssex Street,
Strand, London, W.C.2. W 2814

proof correcting, etc., desirable.
Salary according to age and experience.

NORTHAMPTON POLYTECHNIC, St. John
Street, London, E.C.l. Lecturer-in-charge of
instruction in Instrument Making. Applications
are invited for appointment as lecturersin-
charge of Instrument Making at the Polytechnic,
to date if possible from Ist May, 1951. Candi-
dates should have a thorough knowledge of the
theory and design of scientific and industrial
control instruments and wide manufacturing
experience. An academic standard’ of Degree
or Associate Membership of the Institution of
Electrical Engineers or ‘'the Institution of
Mechanical Engineers will be expected. Teach-
ing experience in a part-time or full time
capacity is desirable. Salary will be under the
Burnham Technical Report. This scale is at
present under revision, but subject to approval of
the Ministry of Education the post is expected
to attract not less that £936 p.a. by increments
of £25 to £1,048 p.a. Particulars and applica-
tion forms obtajnable from the Secretary at
the above address. J. E. Richardson, Ph.D.,
B.Eng., M.ILE.E., A.M.I.Mech.E., Pridcipal.

) W 2801

NELSON RESEARCH LABORATORIES,
English Electric Co., Ltd., Stafford, have a
vacancy for a Senior Electronic Engineer for
work on high speed automatic electronic digital
computers.  Applicants should have Honours
Degrees in Physics or Engineering, with a
sound knowledge of the principles of circuit
design and have had three or four years experi-
ence in radar or electronic development. The
appointment will be in the London area for an
initial period of at least one year and then at
Stafford. Apply giving -full details and quoting
Ref. 305C to Central Personnel Services,
English Electric Co., Ltd., 24/30, Gillingham
Street, London, S.W.1. W 2781
FLECTRONIC ENGINEER requred, with
Physics Degree or good experience of same, by
well establ’'shed electronic component manuface
turer, for research and development. Applicants
must have the following qualifications:—
Present salary at least £750 per annum. Be
above average intell’'gence. Live and of proven
ability. Able to work on own initiative and
get results. Position offered is a first-class one
with scope for advancement. Write fullest
details in confidence, stating age, salary required,
and experience in full, including ‘length of
service jn each position held, together with
salary received. OQur own staff are aware of
this advertisement. Box No. W 2782.

MARCONI'S WIRELESS TELEGRAPH CO.,
LTD., Chelmsford, have staff vacancies for
Technical Assistants in their Test Division te
work in all. branches of electronic engineering.
Candidates with suitable qualifications and good
electronic experience will be considered. Good
salaries paid to suitable applicants. The company
operates a Pension Scheme. Please apply
quoiing reference 809 and giving full details to
Central Personnel Services, English Electric Co.,
Ltd., 24-30 Gillingham Street, London, S.W.1.

W 2779

THE RESEARCH LABORATORIES of The
General Electric Co., Ltd., East Lane, North
Wembley, Middx., have a vacancy for an cngi-
neer for field trials on a development project.
Experjence with electronic equipment and
organizing ability are essential. An ex-service
radar or signals officer would be suitable. This
position will involve considerable periods spent
away from the Laboratories but continual
travelling will not be involved. Applications in
writing should be sent to the Personnél Officer
(Ref. GBLC/996) and should give details of
age, qualifications and experience. W 2810

CLASSIFIED ANNOUNCEMENTS
continued on Page 6
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DEVELOPMENT ENGINEER required with
Degree ®r equivalent in Telecommunications,
Electrical Engineering or Physics and experience
in design of Andis and carrier frequency
measuring instruments. Knowledge of design
of Noise Measuring Apparatus and/or Bridges
an advantage. Salary according to qualifications
and experience. Write giving full details to
Personnel Manager, Standard Telephones and
Cables, Limited, Newport, Mon. W 27

UNIVERSITY OF LEEDS. Technician wanted
in May or earlier by arrangement in the Plant
Biophysics Research Laboratory to service and
maintain X-ray Generators, electronmicroscope
and other instruments: involving electronic
apparatus.  Previous experience in electronics
essential; experience in high vacuum technique
desirable but not essential, and supplementary
training will be given. Age preferably between
28 and 3S; salary according to age and experi-
ence. . Applications, giving the names of two
referees should be sent to Dr. R. D. Preston,
Biophysics subdepartment, Botany Department.
not later than 13th April. W 1265

LABORATORY ASSISTANT (Female). At
least Matriculation standard includ'ng Electricity
and Magnetism, To work on quality control of
radio receiving valves. Hours 7.30 a.m. to 5.15
p.m. Fivé day week. Age 20 to 30 years.
Salary according to age and experience. Chances
of finding local accommodation remote. Apply
in Writing to Miss M. B. Little, Women's
Personnel Officer, Mullard Radio Valve Co.,
Ltd., New Road, Mitcham Junction, Surrey.

W 2809

PADDINGTON GROUP HOSPITAL Manage-

ment Committee. Applications are invited for
the post of Junior Technician (Recordist) in the
Department_of Electro-Encephalography of the
West-End Hospital for Nervous Diseasés, 73
Welbeck Street, W.1. The salary is £300 to
£350 per annum according to experience.
Applications stating age, qualifications, experi-
ence together with the names and addresses of
two referees, to be forwarded to the Admini-
strative Officer immediately. W 2831

E.. K. COLE, LTD., have vacancies in their
Electronic Division at Malmesbury, Wilts., for
senior and Intermediate Draughtsmen in the
Development Drawing Office, for work on
Radar, Communications, and Electronic Pro-
jects. Previous experience in this field desirable,
but not essential. Apply 'in writing to the
Personnel Manager, Ekco Works, Malmesbury,
Wilts, W 2808

CAMBRIDGE INSTRUMENT COMPANY
"invite applications for the post of Assistant
.Physicist in the Research Department at Cam-
_bridge. The work covers a wide range of
.subjects and calls for a young man interested
#in the practical development of electronic in-
sStruments  and  electro-mechanical  devices.
, Applicants should preferably possess a Uni-
versity Degree or equivalent qualification but
ability and .originality are the main considera-
tions. Apply in writing stating salary required.

. . : W 2807

SENIOR AND JUNIOR Mechanical Develop-
ment Engineers required for interesting long
term projects by a light engineering company.
Age range 25-35. Candidates who must be
British born should have a Degree or equiva-
lent qualifications in Mechanical Engineering,
~and some knowledge of light Electro-Mechanical
systems would be an advantage. Ability to
design for quantity production is essential, The
' posts are permanent -and pensionable. Candi-
dates for the Senior posts must be able to show
several years experience in an equivalent design
capacity in a light electrical or mechanical
engineering firm of repute. Apply in confidence
to the Plessey Company, Limited, Ilford,
quoting reference S.M. W 2784

A NUMBER of Senior and Junior vacancies for
Radip, Radar, Electronic, Television, etc.,
Development, Service Engineers, Draughtsmen,
Wiremen, Testers, Inspectors, etc. Urgently
required, 30 Television Service Engineers. Write
in confidence: Technical Employment Agency,
179 Clapham Road, London, S.W.9. (BRlIxton
3487.) . W 113

ASSISTANT ENGINEER, age 22-30, with Degree
or Higher National Certificate in Electrical
Engineering, required for development work in
laboratories in the Guildford area. Some experi-
ence in light current engineering is desirable,
together with an interest in electronics or servo
systems. Write, giving details of qualifications,
experience and salary required, to Box No. W 2758.

ELECTRONIC ENGINEERING

“to qualifications and experience.

. £700 according to age and experience.

WELL-KNOWN firm of Precision Engineers
and Scientific Instrument Makers requires
Research Physicists and Engineers for the Elec-
tronic and Computing Divisions of their
Research Laboratories situated on the northern
outskirts of London.
A Senior Research Engineer age 30-40, starting
salary £1,000 to £1,500 per annum according
(2) Research
Engineers and Research Physic'sts age 25-30,
to take charge Of small research groups, start-
ing salary £700 to £1,000 according to age and
experience. (3) Junior Research Physicists and
Engineers age 21 to 26, starting salary- £350 to
Candj-
dates for posts (1) and (2) are expected to have
an Honours Degree in Physics or Engineering
and to have had research experience, For
post (1), experience of research in advanced
circuit techniques is required; candidates fo-
posts under (2) are expected to have experience
of research in advanced circuit techniques or
in servomechanisms Candidates for posts
under (3) are expected to have an Honours
Degree or research experience.. All posts wiil
be permanent and a superannuation scheme to
which the firm contributes will be available to
those successful candidates who wish to join.
Applications must be made in writing by 30th
April, 1951. Before appointment, candidates
will be expected to attend an interview in the
vicinity of London. Reasonable travelling
expenses will be paid. Apply Box No. W 2836.

THE GENERAL ELECTRIC CO. LTD. have
vacancies for technical laboratory assistants at
the Research Laboratories, North Wembley,
Middlesex. Candidates should have dualifica-
tions to about Higher Schools Certificate or
equivalent standard and preferably some ex-
perience in a laboratory or workshop. Appli-
cations in _ writing should be sent to the
Personnel Officer (Ref. GBLC/101) giving age
and record. W 2839

FIRST CLASS opportunities for graduate
engineers and physicists with good, Honours
Degrees are available at the Research Labora-
tories of The General Electric Co. Ltd., North
Wembley, Middlesex. Al vacancies . will be
for experimental or design work mainly in the
fields of electronic and mechanical engineering.
A limited number will be' concerned primarily
with vacuum physics. Openings will occur in
three grades as follows: (a) Section Leaders—
first class experience is essential. Only men
aged 27 or over, with proved ability to Jead
research teams, will be considered. (b) Post
Gradluate Research Physicists and Engineers
who are completing their theses for advanced
Degrees this summer and who are seeking
interesting experimental work in an industrial
research ~laboratory. (c) University students
who will be sitting for Finals in physics or
engineering during the next three months.
Starting salaries will be dependent on academic
qualifications, age and experience, and pros-
pects of advancement will be exceptionally
good. Further particulars will be sent to ail
applicants who forward details of their record
to the Personnel Officer (Ref. GBLC/101).
Interviews will be arranged during the next
few weeks for graduates available between
April and the end of September. W 2837,

THE CAMBRIDGE INSTRUMENT Co. Ltd.,
Sydney Road, N.10, have vacancies for develop-
ment engineers for work on electrical and
pneumatic instruments. Some knowledge of
automatic control would be desirable. Please
write giving full details of experience and salary
required. W 2835

ENGLISH ELECTRIC, Stafford, invite applica-
tions from young Engineers who are interested in
relay and meter design. Previous experience
desirable but not essential.  Qualifications :
Degree in Electrical Engineering with bias towards
mathematical aspect. Facilities exist for giving
successful applicants a thorough education in the
design and development of meters.and relays.
Apply, giving full details and quoting Ref.444RB.
Central Personnel Services, English Electric Co.,
Ltd., 24-30, Gillingham Street, London, S.W.1.
~r My W 2769

ELECTRONIC RESEARCH and Development,
There are vacancies for Honours Graduates for
work in the following fields : (1) Measurement
technique®on V.H.F. and microwaves. (2) High
power R.F. generation. (3) Carrier telephony.
(4) General scientific instruments and high-grade
components. Some of these posts require a
thorough®experience in one of the fields and there
are others for recent graduates. Apply to Personnel
Officer,¥*Mullard Research Laboratories, Salfords,
nr. Redhill, Surrey. w

Vacancies exist for: (1) -

DRAUGHTSMEN required to asist Designers.
Capable of producing detail drawings from layouts
and sketches to standards suitable for quantity
production of radio and radar equipment. Apply,
giving full details, to Personnel Department,
Murphy Radio Ltd., Welwyn Garden City, Herts.

cJ W 2749

RADIO ENGINEER required for Factory
Laboratory, with experience of technical problems
associated with the manufacture of radio and
television receivers. An engineer with some design
experience, wishing to apply his knowledge in the
factory, would be considered. Write, giving full
particulars , age and salary required, to Personnel
Department, Murphy Radio Ltd., Welwyn Garden
City, Herts, W 2736

SITUATIONS WANTED

LABORATORY TECHNICIAN,
construction - valve operated equipment from
theoretical diagram, without supervision. Carry
out _designers ideas. London or Home Counties
preferred. Box No. W 1252

YOUNG MAN of culture and initiative, with
wide experience of electronics and light electrical
engineering, accustomed to accepting responsi-
bility, seeks new position. W 1280

Layout and

FOR -SALE

SELENIUM RECTIFIERS, FW, Y
Ss. 6d. 4A, 14s. HW 250V, 70 MA, 4s. Sliding
resistances, 1 ohm 12A, 4 ohm 6A, 6s. Fixed 1
ohm 12A, 3s. 6d. Vitreous, 800, 30W, tapped 2s.
2,000 30W, 1s 3d. 1,500 15W, 10d, 50200 5W, 5d.
25, 1,000, 1,500, 3W, 4d. 45, 100, 1,200 2W, 3d.
Tone controls 15,000, 6d. Voltmeters AC/DC
0-15, Ss. Motors -squirrel cage, 24V, 3ph, Ss.
Reduction quantities. Letters answered : Parker,
3, Longdene Road, Haslemere, Surrey, W 1271

MERCURY SWITCHES are made by Hall
Drysdale & Co. Ltd., of 58 Commerce Road,
Wood Green, London, N.22, Phone BOWes
Park 7221-2. : w 107

12V, 1A,

MAGSUPS at 1/10th to 1/20th of list prices.
Huge stocks. Please state requirements. K.
Logan, Westalley, Hitchin, Herts. w116

BARREL PLATING cap:g:itylavailablle. Cad-
mium, copper, tin, and electro-galvanizing.
Packer & Son, Sion Place, Clifton, Bristol, 8.
*Phone : 38368. W 1246

AMERICAN MAGAZINES. One year post
S,

free, ‘‘Radio -Electronics,’”” 32 “Audio
Engineering,” 28s. 9d.; ‘‘Radjo and Television
News,”’ 36s.; ‘‘Popular Science,”” 28s.

S.A.E. for full list from Willen Ltd., (Dept. 9),
101 Fleet Street, London, E.C.4. W 108

GLASS-TO-METAL SEALS and High Vacuum
by Hall, Drysdale & Co. Ltd., of 58 Commerce
Road, Wood Green, London, N.22. ’'Phone:
BOWes Park 7221. W 117

WEBRB’S 1948 Radio Map of World, new
multi-colour printing with up-to-date call signs
and fresh information; on hea art paper,
4s. 6d., post 6d. On linen on roliers, 1ls. 6d.,
post 9d. w 102

FIRST BOOK about transmitters “ Radio Com-

- munication Transmitters ” by J. 3. Hupert, Prof.
de Paul University, Chicago, USA, published by

ATA Scientific Progress Ltd., 19, Effra Road,
S.W.2, price, 24s. W 133
PURE BERYLLIUM FOIL, 0.005 in. thick, for
X-Ray Tube Windows, Elgar Trading Limited,
240 High Street, London, N.W.10. W 132
RF COILS, 10kc/s to 100Mc/s, Singly or Quan-
tity. Bel Sound Products Co., Marlborough
Yard, Archway, N.19. ARC. 5078. W 2794
VALVES. SP.41, VR.78, HL.2, EB.34, Is. 6d.
each, VU.111, 215.SG, Pen.220a, VR.116,
2s. 6d. each. EL.32, 6B8G, EF.36, 4s. each.
Carriage extra. Condensers. 0.02uf at 8kV, 2s.
each. .04 at 4kV, ls. 6d. each. Post and pack-
ing 6d. IFF. Motors. Suitable for conversion
to A.C./D.c mains, complete with gearbox—a
motor with 100 uses, 12s. 6d. each. Post and
packing 1s. 6d. D.C. only Type identical to
above but with p.M, Field, 7s. Post and
packing Is. 6d. Quotations for quantity.
Headphones. Type 7 Moving Coil Head Set
and Mic., complete, 6s. Post, etc., 9d,
J. H. Dakin, 13 Church Road, Birmingh:gvn,lzls.
. . 77
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ELECTROSTATIC VOLTMETERS. 24 in. Plug-
in type, 0-3500, 25s. Voltmeters, M.C., Double
Scale, 0-15, 0-250, D.C., fitted with spike and-
prod, 12s. 6d. Milliameters, Square Face, Flush
Mounting, 2 in., 0-5, 6s.; 0-1 M.A., 2} in.,
Flush Mounting, 10s. Tubular Condensers,
30,000V, .01 MFD, 15s.; 1000V, .1 MFD, 7d.
600V, .01 MFD Sprague, 6d.; 50 MFD, 12V
6d.; 4 MFD, 12V, 4d. Oil Filled Condensers,
1000V, 5 MFD, 8s.; 600V, 8 MFD, 7s. 6d.;
600V, 4 MFD, 5s. Assorted Resistors 12s. gross.
F. R. Barrett, 7 Upper Kent Street, Leicester.

270
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ELECTRONIC ORGAN Construction Data;
component values, practical layout, etc. Further
details—C. & S., 10 Duke Street, Darlington,
Durham. W 1284

SERVICE

CLEVELAND ART METAL . WORKS, 23
Mortimer Market, Totte.nham Court Road,
W.C.1. For high quality sheet metal work and

accurate light engineering assemblies W 1264

METALWORK. All types cabinets, chassis, racks,
etc., to your own specifications. Write Dept.
“T,” Philpott’s Metal Works, Ltd., Chapman
Street, Loughborough. . W 2731

GLASSBLOWING, repetition and scientific, by
Hall Drysdale & Co. Ltd., of 58 Commerce
Road, 0od Green, London, N.22. Phone
BOWes Park 7221-2. W 109

YOUR COPIES BOUND, handsome volumes,!

imit. Blue Leather, Gold Lettering, 10s. 6d.
cach, post free. w Jerome Alcock,
Cheadie, Stoke-on-Trent. W 1272

TRANSFORMERS

QUALITY, PERFORMANCE
AND_ RELIABILITY

A wide range available for every
Radio and Television purpose.

EP. 70 SHIELDED MAINS .. 39/6
EP. 90 SEMI-SHIELDED MAINS ... 39/6
EP. 76 STEP-DOWN MAINS ... 41/3
EP.87 AUTO MAINS ... ... .. 34/9
DP. 61 HEAVY DUTY OUTPUT ... 49/6

Full range sent on application.

Special components supplied for
Home Built Televisors

OLIVER-PELL CONTROL LTD

CAMBRIDCE ROW. BURRAGI ROAD,, S.E.ot B
e Talophone. Waolwizh 1422

EDUCATIONAL

CITY AND GUILDS, (Electrical, etc.) on
‘No Pass—No Fee’ terms. Over 95 per cent
Successes. For full details of modern courses
in all branches of Electrical Technology send
for our 176-page handbook—Free and post
free. B.I.LE.T. (Dept. 337c), 17 Stratford Place.
London, W.1. W 123

THE COLLEGE OF AERONAUTICS, Cran-
field. Two-Year Course in Aircraft Electrical
Engineering and Electronics. Applications are
invited for admission to the above course which
starts in October 1951. The course, which
leads to the Diploma of the College, provides
a good grounding in Aeronautical Engineering
in general, together with the opportunity of
specialization in the aeronautical applications
of Electrical - Engineering, including Electronics.
Subjects covered include the application of elec-
tronic techniques in measurement and control;
airborne radio and radar devices; servo-
mechanisms; aircraft electrical power systems;
and aircraft aerials. In the second year
students have the opportunity to participate in
research work to form the subject of a thesis.
Applicants should have a University Degree
or Higher Natijonal Certificate, with some pre-
vious knowledge of Electrical Engineering, but
the College may, after interview, admit can-
didates without these qualifications who are of
an equivalent educational standard. Further
information and forms of application may be
obtained from the Registrar, The College of
Aeronautics, Cranfield, Bletchley, Bucks.

W 2838

NORWOOD TECHNICAL COLLEGE, W.
Norwood, London, S.E.27. Full-time, part-time
day and evening courses in Radio and Television
(Technology and Servicing), Radar and Line.
Preparation for following examinations: C. & G.
Full Technological, R.T.E.B., Amateur Trans-
mitting Licence, P.M.G. Free Te'ecom. Pros-

pectus (A) from the Secretary. (170). W 2775

FINAL CLEARANGE

Remaining stocks of magslips, etc.,
and other Ex. Govt. equipment will
be disposed of during the first 2
weeks of April. All goods fully
guaranteed, sold subject to your
inspection. Terms Nett 7 days or
c.w.o.

The following are available :
Magslips, various types, list on applica-

tion. 5

Ex. Army Earphones combined with
m/c microphone, low impedance, new
7/6 each, 60/- per doz

2-gang potentiometers, Morgan, carbon
| Meg.-l Meg.,, new boxeéd .20/- doz.
£10 per 100.

Berco linear pots, type M10 50 K 10 Watt
w/w 60/~ doz.

Send for complete list.

HOPTON RADIO

I, Hopton Parade, Streatham High Road,

LONDON, S.W. 16.
phone : $TReatham 6165

APRIL 1951

‘Radiospares’
Quality Parits

 The
Sorvice Engineer’s
' Kirst Choice

*

T

ONE YEAR Advanced Course in Electronics.
A few vacancies exist on course commencing
April 17.. Prospective students should possess
a sound knowledge - of Radio and Telecom-
munications fundamentals, and a knowledge of
Maths between Intermediate and Degree.stam
dards. Full details from E.M.I. Institutes,
Dept. EE.17, Pembridge Square, London, W.2.
Bayswater 5131/2. W 2792

E.M.I. gave the world electronic television.
E.M.I. is now giving the finest home study Tele-
vision courses. Moderate terms—facilities for
easy payment. Free brochure giving full details
on application to the Registrar, Dept. EE.7,
E.M.1. Institutes, 10 Pembridge Square, Lon-
don, W.1. Bayswater 5131/2. W 2791

UNIVERSITY COLLEGE, Southampton. De-
partment of Electronics. The Department of
Electronics (Professor E. E. Zepler) gives an
advanced course at Honours Degree standard
in Electronics. The course is full-time for.one
academic year and the College grants a Diploma
by examination to students who successfully
complete the course. Entry qualification is a
University Degree in Physics or Electrical
Engineering, or its equivalent. The fifth of these
. courses will commence in October 1951, and
application for admissioh should be made now
to the Academic Registrar, from whom further
details may be obtained. W 1250

WANTED

WANTED ° FOR BINDING, ‘ Electronic
Engineering,”” January and March 1949. State
price. Dawe Instruments Limited, 130 Uxbridge
Road, Hanwell, London, W.7. .

PATENTS

THE PROPRIETORS of British Patent No.
564,382, relating to Electronic Translating
Devices are desirous of entering into arrange-
ments by way of Licence or otherwise on
reasonable terms for the.purpose of exploiting
the same and ensuring its full development and
practical working in this country. Interested
parties who desire a copy of the Patent Specifi-
cation and further 'particulars should apply to:
S. E. Matthews, Esq., 14/18 Holborn, London,
E.C.1. W 1274

Partridge Mews )

_precision
TRANSFORMERS

“TO SPECIFICATION?” or
STANDARD, if the problem is Trans-
formers or Chokes, none are more
experienced to find the solution than
Partridge. Nearly two decades of specialised
research and production have prompted
. leading industrial concerns and Govern-
ment Experimental Stations consistently to
use the unequalled Partridge service. Your

need, too, can be adequately met for
transformers ranging from 5 VA to 50 kVA
—power or A.F. Send for catalogue
and data sheets. '

! -

* Note: All Partridge components
are now available

HERMETICALLY SEALED IN OIL

'PAR%DGE

TRANSFORMERS LTD

ROEBUCK ROAD, KINGSTON - BY - PASS
TOLWORTH SURREY

Telephone EilMbridge 6737-8

ELECTRONIC ENGINEERING
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..with a

A The Mullard range of electronic flash tubes is
wi d e range finding increasing use in industrial photography and in problems involving

the analysis of motion in production processes.

°f i ndust ri al On account of their high luminous efficiency, low-triggering voltage, day-

light colour quality, and short-flash duration, the Mullard flash tubes at -

ap PI ic at i ons present available offer wide possibilities in equipments used for applications

varying from the motion-study of workers to the examination of high-

speed machinery in operation.
Brief technical details on these tubes are listed below. Fuller
information will be supplied on request to the Communications and
Industrial Valve Department.

MAXIMUM SINGLE MAXIMUM OPERATING

TYPE DESCRIPTION DISCHARGE RATING VOLTAGE

(JOULES) (KV)
LSD2 Microsecond flash tube . = . 35 10
ﬁgggA} For operation in portable flash equipments ., 100 2.1
LSD5 For studio flash equipments. Provision is made for a 1000 2.7

: - modelling lamp. This tube supersedes the LSD4 '
LSD? For higher power portable equipments 200 2.7
LSD8" Stroboscopic flash tube - 30 watts dissipation 2.7
LSD9 Quartz tube for high-power or U.V. flash ... 1000 2.7
A [full range of straight tubes is also availuble for those who require line source fAash tubes.

ulial

(E—
)

MULLARD ELECTRONIC PRODUCTS LTD. CENTURY HOUSE, SHAFTESBURY AVEXNUE, LONDON, W.C.2

T T mViios
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'ENGLISH ELECTRIC

ignitrons

Precision

in Process Control

The Ignitron is designed for precision control of
processes involving the use of comparatively low
voltages and high currents — for example, resis-
tance welding and X-Ray exposure control. It
exhibits some important advantages over other
methods ; the ignitron combines the precision
and freedom from mechanical problems of the
thermionic valve with the robustness of the
contactor ; it is compact, moderate in weight
and has a long life.

‘English Electric’ Ignitrons are made in a range
of standard sizes, interchangeable with all other
types in common use. They can be water-cooled

and are suitable for line voltage of 250-600 volts.

3
Sy

The ENGLISH ELECTRIC Company Limited
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2

Rectifier Sub-station Department, Stafford

Works: STAFFORD - PRESTON : RUGBY *+ BRADFORD - LIVERPOOL

APRIL 1951 9 ELECTRONIC ENGINEERING
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Which switch

fits the

niche?

TYPE B.T.

By the time that has rolled round your tongue half a dozen times the Type

B.T. Switch could be fitted! It’s that sort ot switch—small, compact, designed

specially to fit easily into small spaces. It’ll save you a lot of trouble. We have

recently included some new features. Here they are —

WALTER SWITCHES — MADE FOR LIFE ¢

Walter :
Instruments -

The contact blades are fixed in a new way.
This makes them completely rigid all the time.

The drive spindle is positioned definitely in
the wafer. This provides double bearing.

Steady contact resistance.
Improved insulation between contacts.
Positive contact.

Self-cleaning action.

All these make the Type B.T. a better switch

LIMITED —more efficient and lasting. In fact just the
switch you need for limited space and
simple switching.

WALTER INSTRUMENTS LIMITED, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3

ELECTRONIC ENGINEERING 10
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HE R.C. Oscﬂlator Type D- 330 gives a w1de range of known levels into
a 600-ohm load at any frequency from 20 c¢/s. to 20 kc/s.

"BRIEF SPECIFICATION . ﬁﬁsff ig gggfpﬁﬁ

FREQUENCY : 20 c¢/s— 20 kc/s.
~ACCURACY: +1% or better.

OUTPUT LEVEL: 1W or 10n§Winto600ohms,' MUIRHEAD & CO. LTD.
selected by means of a switch. BECKENHAM: -KENT - ENG.

BY PASTING ON A POSTCARD

ATTENUATORS: 7 steps of 10 db plus 12 db Please send me Bulletin B-614-C fully describing the
continuously variable. '

.HARMONICS: 1-75% total at 1 W above 40 ¢/s
1.0% total at 10 mW above 40 ¢/s. NAME

HUM LEVEL: 50 db below output level. ADDRESS

DIMENSIONS: 20%-in x 12}-in x 11-in bench
mounting — can be supplied for 19-in rack
mounting if required.

MUIRHEAD & Co. LT1D.
- PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD

BECKENHAM . KENT N ENGLAND ELECTRICAL INSTRUMENTS

Telephone : BECkenham oo41 Telegrams & Cables : MUIRHEADS ELMERS-END M.U.I;

R.C. Oscillator advertised in Electronic Engineering

APRIL 1951 ‘ 11 ELECTRONIC ENGINEERING
c .




- To the electrical and radio service -engiigeer .o

- | cqiature - ¢ °
An oscilloscope T min ,

e = = The criterion of usefulréss ‘6f a-cathode-ray tube.as an
oscilloscope is the ratio of the screen diameter to the
diameter of the spot but there is a practical limit to
the extent to which the screen diameter can be
reduced, even though the spot size is reduced in
proportlon One outstanding feature of this oscil-
loscope is the comparatively large screen for an
instrument of such small dimensions. -Although the
overall dimensions of the case.are 113 in. x 5} in. X
4} in., the tube has a 2£ in. screen.

;_ </_x

METROPOLITAN-VICKERS ELECTRICAL CO LTD.

oL MANCHESTER 17, ENGLAND
Member of the A.E.I group of companies © - R/Egoz

ELECTRONIC ENGINEERING 12 : ) APRIL 195%



| Germanium -
CRYSTAL RECTIFIERS

for |
Radio & Television Receivers
The ideal replacement for a thermionic diode; needs

neither heater supply nor valveholder

Small in size - Long life - Light weight- + 'Low price

—BRITISH THQMSON-HQUSTGIN_

Member of the AEl group of companies,

APRIL- 1951 R ’ .13 ' ELECTRONIC .ENGINEERING



ELECTRONIC ENGINEERING

PRODUCTS
AND
SERVICE

Acos research and service is devoted to the practical application of
piezo-electric phenomena to all forms of acoustic, ultrasonic and
vibration problems.

The number of these piezo-electric applications is constantly being
added to as Acos research widens, and manufacturers are invited to
consult us if they think that our research experience may help them.

CRYSTAL PICK-UPS

Acos microcell pick-ups, with easily interchangeable heads to suit
either standard or long playing records, represent a major Acos contribu-
tion to high fidelity reproduction of both types of record, as witness the
number of manufacturers who have standardised on Acos pick-ups.

TYPE G.P. 20. This unique pick-up has provision for an inter-
changeable clip-on head, the G.P. 19 L.P. which converts it into
an instrument for long playmg records.

The famous G.P. I5 Microcell cartndge ; alternative style and ‘an
adjustment of needle pressure convert it into an instrument for long-
playing records.

Both G.P. 20 and G.P. 15 share these outstanding advantages :
Outpur 5 to 20 times greater than any comparable magnetic type.
No equaliser components required.

Record wear virtually eliminated.” No needle talk. -

TYPE G.P. 12. High-fidelity model incorporating the G.P.

cartridge with permanent sapphire stylus ; excellent performance ;
output I volt at 1,000 c.p.s. : range 30 tO 14,000 C.p.S.

TYPE _G.P. 10. General purpose model incorporating the G.P.9
cartridge with the patented unbreakable crystal assembly ;
output I.7 volts at 1,000 c,p.s.; range 70 to 8,000 c.p.s.

MAGNETIC PICK-UPS

TYPE G.P. 6. Good performance .with exceptionally robust
construction ; especially suitable for tropical climates ; range
100 tO 4,500 C.p.S.

TYPE G.P. 7. Pick-up head for replacing the sound-box on
accoustic gramophones ; same characteristics as G.P.6.

HIGH FIDELITY MICROPHONES

For acoustic measurements, industrial noise measurements, disc

recording technique, and P.A. systems, also ideal for the keen amateur.

TYPE MIC. 16. Incorporates the well-known floating crystal
sound-cell construction; flat response from 30 to 10,000 C.p.s.

TYPE MIC. 22. Incorporates the Filtercell insert which is more
sensitive than sound-cell type; substantially flat response from
40 to 6,000 c.p.s.

Both types available with a desk stand or w1th an adaptor for floor
mounting which will also fulfil the requirements of a hand microphone.

LABORATORY INSTRUMENTS

The Acos range of laboratory instruments has been specifically designed
to fulfil an insistent demand for high-efficiency measuring instruments
in the sphere of acoustic, ultrasonic "and vibration investigation.

The present range includes :

VIBRATION PICK-UPS, WATCH RATE
RECORDERS, PRESSURE STANDARDS, WIDE
RANGE MICROPHONES, ARTIFICIAL EARS,
ETC.

R.E.C.M.F. EXHIBITION STAND 71

COSOMOCORD LTD., ENFIELD, MIDDLESEX.
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Type GlOIZ4OE .

Srandard

elecironic counfers

count up to 20,000 digits per second

TWO-new Standard gas-discharge tubes for
electronic digital counters greatly simplify
counting circuits and safeguard circuit effi-

ciency. A single G10/240E tube (shown on
left), is capable of counting digits at a rate of greater than 20,000 per second.

OPERATION The basic tube of the pair, type
G10/240E is a uni-directional 10 point cold-
cathode gas tube counter consisting of a single
anbde, 10 internally joined transfer electrodes
and 10 cathodes. )

The tube operates from a supply voltage of
330 + 20 volts. and bias potentials are re-
quired for transfer and shield electrodes,
which may be derived from potentiometers
from this high tension supply. The design of
the tube is such that, by the application of a
negative pulse to the transfer electrode, the
discharge to whatever cathode is alight is
extinguished and the discharge is started to
the adjacent cathode. A single pulse therefore

Srondard Telephones and Cables Limired

is all that is necessary for counting purposes,
The discharge will only move in one direction.

With the appropriate circuit, a minimum
output signal of 40 volts can be obtained

* across the cathode resistance, which is

sufficient to operate the G1/370K, which acts

as a coupling tube between: successive -
" G10/240E tubes in a decimal counter.

The G1/370K is a miniature cold-cathode
trigger tube having a permanent priming dis-
charge, as a result of which the delay in firing
is reduced to a very low figure and in which
deionisation times of less than 30 micro-
seconds enable the tube to operate up to the
maximum speed of the G10/240E counter.

(Registered Office : Connaught House; Aldwych, London, W.C.2)

RADIO DIVISION ° Oakleigh Road, New Southgate, London, N.11
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Quality Components for
INDUSTRIAL ELECTRONICS

BERCO is the password to quality in electrical resistances. See

our exhibits. Amongst other notable productions we are
showing :— :

VITREOUS ENAMELLED RESISTORS

A wide range of vitreous enamelled resistors from 6 watt to

180 watt on 16 standard tube sizes with more than 20 alternative
mountings, terminations and fittings. Fully tropical. Exclusive
Bercohm craze free, non-porous, vitreous enamel gives stress-
free winding and - eliminates hot spots. Fully approved by
R.CS.C.

HERMETICALLY SEALED POTENTIOMETERS,

MODEL R5

Wire wound—ohmic value range covers from 5 10 5,000 ohms.
Rating § watts. Dimensions 1§” diameter X 1}". Weight 3 oz.

(without knob). Withstands tropical damp and humidity and

arctic cold—salt, dust and chemical laden atmospheres. Com-

plies with inter-service standard specification RCL/131.

VOLTAGE STABILISERS

The B.P.T. single phase and three phase voltage stabilisers
maintain a constant voltage from a fluctuating supply regardless
of fluctuation in load, load power factor, and normal frequency
variations. Standard models—air and oil cooled—available
from 3 to 75 kVA.

Other BERCO products include fixed and variable wire wound resistances

and potentiometers, “‘Regavolt” infinitely wvariable auto-transformers,
rotary rheostat potentiometers, stud switches, control knobs, etc., for all
laboratory and industrial purposes.

VISIT STAND No. 59

AT THE R.E.C.M.F. EXHIBITION, GROSVENOR HOUSE

THE BRITISH ELECTRIC RESISTANCE CO. LTD.

Queensway, Ponders End, Middlesex

Telephone HCOWard 1492 Telegrams : “Vitrohm™ Enfield

B.R.1071-BY

ELECTRONIC ENGINEERING 16
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specialists in electronic e uipmen

pecialists in elect quipment
RADIO AND TELEVISIOI\: TF{ANSM|T+EES.AND RECEIVERS AO COMPLETE
TE.LE\_/IsloN TBANSMITTING STATION EQUlPMEN;. .- RADIO AND
.TELE\__/.ISI:ON,DIST‘RIBUT»IOIN.SYST.EMS"- SOUND AMPLIFYING EQUIPMENTS
° IBROA‘DCAST RELAY STATIO_NS ° AIR'-BORNE BEAM APPROACH
EQUlPMENT" ° -lNFRA-RED APP‘ARATUS ° MUII.TlPLIERP-H.O_TOCELLS °
RE’CORDS‘ ° 'MA-GN'ETIC RECORD-mGTAPE l DlSCANDMAGNETlCTAPE

RECORDERS o INDUCTIONAND DIELECTRIC HEATERS e ELECTRONIC

MEASURING EQUIPMENT, ETC., ETC.

ENQUIRIES ARE INVITED AND SHOULD IN THE FIRST
PLACE BE ADDRESSED AS BELOW :

'ELECTRIC & MUSICAL INDUSTRIES LTD

HEADQUARTERS: HAYES, MIDDLESEX, ENGLAND

APRIL 1951 - ) . 17 ELECTRONIC ENGINEERING
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| DEADLOCK

Free circulation comes to a stop when machinery
pumping corrosive liquids deteriorates, as it often
does, through chemical action. In this particular
pump-casing, the problem was solved by the use of
Tufnol, with its strong resistance to corrosion : and
since only a few of
them were required
— the cheapness of
their machining, in
comparison with pro-
duction costs for
casings made of metal,
was yet another advantage. Tufnol’s combination of
qualities is unique ! In what other material, for
instance, can you find extreme lightness in weight;
good structural strength ; excellent electrical insula-
ting properties ; high resistance to impact and shock;;
and a capacity for withstanding extremes of climate ?
Its field of application is immense ! Whether used

An example of Tufnol rolled and
moulded on to a metal centre,

TUFNOL LTD PERRY

ELECTRONIC ENGINEERING

in the standard forms —sheets, tubes, rods, bars,
angles and channels, or in shapes moulded to
specification, Tufnol offers the engineer new freedom
for his ideas.

TUFNOL OPENS THE WAY...

for the engineer with imagination.
Every day fresh uses are being
found for Tufnol: there is bound to
be a way in which it could help you.
Literature shows what Tufnol has
done. If you think you have a NEW
use for it, let our Technical Staff
help you develop your idea. Send
us particulars TODAY ! :

TUFNOL

REGISTERED TRADE MARK

An ELLISON' Product

BIRMINGHAM 2 2 B.

263
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Taylor |
Tunnicliff (REFRACTORlEs)Ltd

ALBION WORKS LONGTON STOKE ON TRENT

STAND
N“o 5 H

R.E.C.M.F.
EXHIBITION

TELEPHONE : STOKE ON TRENT 5272

" LONDON OFFICE: 125 HIGH HOLBORN, LONDON, W.C.I TELEPHONE: HOLBORN 195I

APRIL 1951. ELECTRONIC ENGINEERING
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Caestum-Antimony-Photocells

Osram caesium antimony cells, vacuum
and gasfilled, have a higher sensitivity
level to artificial light than the cells of
the caesium silver oxide type, and for
most purposes are, therefore, preferable.

The minimum sensitivityof the vacuum
cell to radiation from a tungsten lamp
operating at 2850°K is 25 micro-amperes
per lumen, and of the gasfilled cell 120
micro-amperes per lumen at 9o volts with
a gas factor not exceeding 8. These are
guaranteed minima and most cells have
considerably higher response.

The caesium antimony cathode has a
peak response in the blue end of the
visible spectrum so that for any appli-
cation involving blue light the sensitivity
is vastly greater than the above figures
would imply. )

The cell is also far more sensitive
than the caesium silver oxide type for
any application involving daylight as the
light source.

Even though the pointof spectral response
is farther removed from the peak of the
radiant energy curve of a tungsten lamp
than that of the caesium silver oxide cell,

the average sensitivity level, as mentioned

above, is higher.

The caesium antimony cell has no
responsetoinfra-red and cannot,therefore,
be used for applications involving such
invisibleradiation. Even this characteristic
is not without its advantages. Infra-red
sensitivity is known to be closely associated
with dark current which contributes to
background noise in sound reproduction
and similar applications,

The cathode is deposited on the wall
of the bulb, which construction removes
a possible source of microphony. The
vacuum and gasfilled cells, therefore,
have a much reduced noise level.

For further information write to:
Osram Valve and Electronics Dept.,
Magnet House, Kingsway, W.C.2.

THE GENERAL ELECTRIC CO., LTD., MAGNET HOUSE, KINGSWAY, W.C.2
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But its no use guessing about the ‘perform-
ance of an amplifier. This can only be
determined by accurate measurement.

The ‘CINTEL’
GENERATOR

has been especially designed
for testing the transient

i —

response of both audio and
video frequency amplifiers
by the square-wave tech-
nique and full technical

information is given in
our leaflet No. SWG2/I
available on request.

\

A Company within the J. Arthur Rank Organisation

FOREMOST IN THE MANUFACTURE OF

® Counters & Chronometers @ Metal Detectors e Oscilloscopes @ Photo-Electric
Cells @ Cathode Ray Tubes e Geiger-Muller Tubes e Electronic Instruments

WORSLEY BRIDGEROAD-LONDON-S-E-26
Telephone: HITher Green 4600

CINEMA-TELEVISION LIMITED f ‘

\_

Northern Agents: Scottish Agents:
F. C. ROBINSON & PARTNERS LTD. ATKINS, ROBERTSON & WHITEFORD LTD.
287 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, $.2
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The Ferranti Neostron is a cold cathode tetrode filled with neon, designed for use as a

stroboscopic light source, a flashing indicator, or an electronic relay.

The discharge in the anode is started by initiating a glow discharge between the screen and grid '
electrodes, the screen being at a fixed positive bias, a negative impulse being applied to the grid.

Operating Characteristics

Max. Anode Voltage
Normal Anode Voltage
Mean Anode Current

| Peak Anode Current

Max. Operating Frequency

Anode Connection

Gas Filling

NSP1 NSPT ASP1

400 - 650 400

300 600 300

40-100* mA 40-100* mA 40-100* mA

250 Amps. 250 Amps. - 250 Amps.

250 c.p.s. 250 c.p.s. 300 c.ps.

in base Top cap in base

Neon Neon Argon

* Dependent upon frequency of operation

All types can be supplied with English 4 pin or American 4 pin bases.

FERRANTI LTD ELECTRONICS DEPT. MOSTON MANCHESTER [0
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The greatest problem in the recording of C.R.O. Traces on microfilm is not so much that of actual
recording as of interpretation and comparison of the results obtained.

The Ediswan Microfilm Reader is the ideal instrument for the purpose. It accepts 35 or 16 mm.
Standar.gi‘British, American or .Continental film in strip or reel form and provides a magnification
up to 20 diameters.

The screen is clearly readable in a normally lighted
room without shielding and the film gate is placed
so that the instrument may comfortably be operated
and read from a.seated position.

The Ediswan Microfilm Reader is simple to operate,
no focusing adjustments are necessary, and being
self-contained, quiet, and cool in operation, it does

not interfere with other workers.

EDISWAN

MICROFILM READER

THE EDISON SWAN ELECTRIG CO., LTD. 155 CHARING CROSS ROAD, LONDON, W.C.2

Member of the A.E.. Group of Companies MR 29
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Commentary

ONSIDERABLE disappointment will be felt by a

large number of potential viewers with the announce-
ment last week by Mr. C. R. Hobson (Assistant Postmaster
General) in the House of Commons that the provision of
the five low power Television transmitters has been in-
definitely postponed.

It will be recalled that these five transmitters were part
of .the B.B.C.s plan for a national television network,
details of which were announced by the Postmaster General
as far back as November 1949. After the three remain-
ing high power transmitters had been completed at Holme
Moss, Kirk O’Shotts and Wenvoe by the middle of 1952,
it was intended that five low power transmitters at New-
castle, Southampton, Aberdeen, Belfast and Plymouth
would be installed by the end of 1954, so completing the
Five-Year Plan by means of which some 80 per cent of
the population would be within service.

The main reason given for the postponement is on
the grounds of the rearmament programme, although it
has been stated that the Postmaster now considers that
these transmitters are unnecessary as the range of the
high power transmitters is much higher than originally
predicted.

We venture to suggest, however, that this statement is
in direct contradiction to the information provided by

- the B.B.C. and published in the recent Beveridge report.
The service areas covered by the various transmitters were
prepared from actual measurements made on existing
transmitters or derived from site tests and a study of the
map given in the report (which we reproduced on p. 80
of the March issue of ELECTRONIC ENGINEERING) shows
no overlap .of the service areas.

Unless the raw materials position is very much worse
than we are led to believe it is equally difficult to under-
stand why the rearmament programme should cause this
postponement, and to us the action is one of panic. We
understand that the transmitters in question are nearing
completion and will, in fact, be used at the main sites
for testing purposes until the high power transmitters are

available so that the saving in raw material must be

very small.

Mr. Strauss, the Minister of Supply, in addressing The
Radio Industries Club towards the end of last month,
emphasized the importance of the part the radio industry
would play in the defence programme, and said that where
necessary it should sacrifice alternative markets. To us
it appears that the Government have already indicated
what these sacrifices are to be, for the postponement of
the television programme was made, as far as we can
gather, without any prior consultation with the industry,
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and the impression left on the industry is one of -dis-
appointment and frustration. .
* *

T is well over a hundred years ago since Charles

Babbage—a mathematician of considerable repute—
obtained a grant from the Government of the day to con-.
struct a calculating machine or engine to perform simple
mathematical sequences. That he was unsuccessful in com-
pleting his project was due solely to the limitations of his
day. It was not until the 1930’s that mechanical devices
for computing were developed to any great extent, but
the real impetus arrived with the first Electronic Numerical
Integrator and Calculator (ENIAC) built by the University
of Pennsylvania in 1942, This was the first of the so-
called “ Electronic brains” and it was followed in this
country by the Electronic Delay Storage Automatic Calcu-
lator (EDSAC). These machines were digital computers
and performed calculations with prodigious speed and
accuracy, but an interesting extension of these machines
was towards the solution of problems in mathematical
logic.

As the authors of the present article say, much of the
reasoning in the process of human thought involves merely
the elimination of situations which conflict with clearly
definable rules, and such problems of elimination can be
expressed mathematlcally and may thus be brought within
the scope of digital computers.

Here again the foundations were laid down by another
Englishman, G. Boole, who in 1847 produced his
“ Mathematical Analysis of Logic”, but the first apparatus
equipped with mechanized reasoning was the Logical
Truth Calculator developed by Kalin and Burkbart at
Harvard University in 1947.

It should not be imagined that such machines are made
purely for the amusement of the designers. The purposes
for which these logical computers are required are very
real, and the problems they are capable of solving are by
no means trivial, )

* * *

THIS month sees two Exhibitions of importance running

concurrently in London. The first is the thirty-fifth
annual Exhibition of the Physical Society to be held at
Imperial College, South Kensington, from April 6th to
April 10th, and the second is the annual Exhibition of
The Radio and Electronic Component Manufacturers’
Federation at Grosvenor House from April 10th to
April 12th.

In this month’s issue is included a preview of the

R.E.C.M.F. Exhibition, and we hope to give fuller details

of both Exhibitions in the May issue.
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"TELEVISIO!

Radio and Cable Links
for Outside Broadcasts -

-By T. H. Bridgewater, AAM.1.E.E.*

EVER since the first television outside broadcast, namely,
that of the Derby in 1931, the problem of temporary
links to carry television signals from the pick-up point to
the main broadcasting centre has exercised communica-
tion engineers. The Derby broadcast was, of course, by
the 30-line system and the already crude pictures at the
“sending end were certainly not enhanced by their journey-
along the hired telephone line between Epsom and London.
Since then considerable progress has been made, dating
particularly from the inceptioh of the high-definition
television service in 1936, and Television Outside Broad-
casts have brought some 900 different events to the homes
of the public. The purpose of this article is to trace the
growth of the principal methods and operational techniques
used in the conveyance of vision signals between their
point of origin at the venue of an outside broadcast and
the main distribution centre at Alexandra Palace.

In the main, the events have all taken place within a
30 mile radius of North London, though latterly it has
become possible greatly to exceed this distance—for
example, to Birmingham, Nottingham and Calais—by the
use of new equipment and techniques now becoming avail-
able and already in service on an experimental basis.
These new developments, involving, in particular, the use
of centimetre-wave radio transmissions, will form the
subject of a later article, our present attention being con-
fined to the normal methods which have been used up to
now. Space will not permit any detailed reference to the
transmission of the accompanying sound, but this is almost
invariably passed over ordinary telephone lines irrespective
of the method of vision transmission and involves no novel
techniques other than those already developed in connexion
with the B.B.C’s widespread Sound O.B. service.

Birth of the O.B. Service

As soon as the high definition service opened in London
in 1936 the potentiality of television for bringing actualities
direct into the home soon became evident, and the
importance of developing mobile camera equipment and
suitable methods. of .transmission led the B.B.C., the Post
Office and the radio industry to give their close attention
to this. As a target there was looming ahead the big
public event of the Coronation, due in May 1937, and it
was decided that by one means or another this would be

O.B. Section, B.B.C. Television Service
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Courtesy J. L. Eve Construction Co.

televised and broadcast to viewers. As will be obvious,
the transmission of vision and sound signals from the
0O.B. site, which in the present instance was to be at Hyde
Park Corner, could be done by one of two methods, that
is by wire or radio. It was decided to prepare for both.
At this point it may be convenient to divide this discussion,
not only from the point of view of the Coronation O.B.
but of° the subsequent service in general, into two main
sections, namely, cable links and radio links. It is con-
venient to deal with the former first. '

CABLE LINKS

About 1936 the E.M.I. Company developed a special low-
capacitance balanced pair cable which was demonstrated
and shown to be capable of transmitting high-definition
television signals, with a frequency characteristic substan-
tially flat up to 24Mc/s, over a distance of some 7 miles,
at which point the insertion of a suitable repeater would -
then permit another similar distance to be covered, and
so on. The performance of this cable appeared so’
promising that it was decided to use it firstly for inter-
connecting Alexandra Palace and Broadcasting House,
and secondly for serving a large number of strategic points
in Central, West and South-West London. Repeaters
would be needed both at Broadcasting House and
Alexandra Palace, the latter for equalizing and amplifying
the signals from Broadcasting House and the former for
similarly treating signals arriving from O.B. points.

The routeing of this cable was carefully chosen to pass
as many potential O.B. locations as possible. For example,
one branch passed Marble Arch and Hyde Park Corner
and continued westwards along Hyde Park to Olympia
and Earls Court; another came from the Strand througn
Piccadilly, Cambridge Circus, Trafalgar Square,. thence
to the Whitehall Exchange and on to Broadcasting -House
via the Gerrard Exchange; another, also coming in to
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DECIBELS

Whitehall, covered Victoria, the Mall and Buckingham
Palace, while a separate extension ran to the Houses of
Parliament and Westminster Abbey. Since the war there
have been further extensions, such as from Olympia to
Riverside Exchange, and Lime Grove to the same
exchange.

As far, therefore, as the Coronation was concerned, the
main problem became that of installing this cable and its
associated equipment in time for the event: this was
successfully achieved.  After the Coronation this cable
proved of great value for transmission of the Cenotaph
Ceremony, the Television Studio at Radiolympia, arrivals
of celebrities at Victoria Station, West End theatres, etc.
To this day the same cable is in regular use, although now
supplemented by some other types. ~

Apart from Q.B’s it is also used for conveying the vision
signals from the Lime Grove Studios to Broadcasting
House en route to Alexandra Palace.

During the pre-war years it was soon found, however,
that potential O.B’s had a way of occurring at locations
not coinciding with the cable route. This, of course, had
been anticipated and a general solution provided in the
form of a mobile radio transmitter, to be discussed in a
later part of this article. - Some of these locations, how-
ever, though not coincident with the cable, might well be
quite close to it, varying from a few hundred yards to
a few miles. In the more congested parts of London it
was often found highly inconvenient to erect a radio aerial
and to accommodate all the additional vehicles. It was,
therefore, a most welcome development when the B.B.C.
showed that it was possible to transmit vision signals over
ordinary telephone lines as well as over the special cable
already referred to. This represented a revolutionary
advance which was to do much to widen the scope of
Television O.B’s.  The principal difference between the
two methods was that the simple telephone line required
“repeatering ” as closer intervals, of the order of one
mile instead of seven, but in other respects the quality of
signal transmitted by this line was most satisfactory. As
will be realized, the Post Office have such a vast network
of telephone circuits that one could almost always count
on being able to hire a line from the proposed O.B. site
to the nearest convenient point of access on the special
cable; this might be either some manhole in the street or,
more probably, in one of the telephone exchanges through
which it passed. The first O.B. to use this new technique,
that is, the combination of telephone line and special
cable, was in 1938 from the British Movietone News
headquarters in Soho Square. W.l. The ordinary tele-
phone line, consisting of 1 pair, 20lbs per mile copper wire,
took the signals into the Gerrard Exchange where they

Fig. 1. Graphs showing typical performances of cable and

radio links
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joined the balanced cable to Broadcasting House and
Alexandra Palace. .
This was the beginning of a new and valuable technique
which, with further development by the G.P.O. since the
war, has done much to widen the field of cable-linked
outside broadcasts. A good example was the Boat Race
0.B. in 1950, for which temporary telephone lines brought

_to a central switching point at the Riverside Exchange the

video signals from the cameras at three different shore
positions, namely, Harrods, Metropolitan Water Board
(Hammersmith) and Chiswick Wharf. The methoq is in
regular use and has proved particularly valuable in the
Birmingham area where, as yet, no special television cables
have been laid other than the main London-Sutton Cold-
field circuit forming part of the developing national
network linking the B.B.C.’s television centres and trans-
mitters. For example, nearly 5 miles of .thls cable and
three repeaters were used for bringing the signals from the
Radio Exhibition at Castle Bromwich to the centre of
Birmingham, whence they joined the network and were
passed on to Sutton Coldfield and London. o
During the post war years the problems of television
transmission by cable have been further studied by the
G.P.O., particularly in relation to coaxial cables, (the
development of which for telephone purposes using multi-
plex carrier systems had become very extensive. This type
of cable and the carrier transmission system associated
with it were thought to offer equal advantages to television,
in particular economy in copper and improved efficiency
of transmission. . .
Thus, when it appeared desirable to extend the special
cable service to additional locations now regularly visited
by the B.B.C, e.g., the Oval, Lords, Wembley Stadium,
the Post Office connected them to Broadcasting House
by the coaxial type of cable. Coaxial cables have also
been used to increase the 'number of permaent vision
circuits between Alexandra Palace and Broadcasting
House, these being necessitated not only by the increase in
the number of outside broadcasts but also by the advent
of the Lime Grove Studios and the Midlands transmitter.

Fig. 2. Mobile Transmitter

Interior of vehicle showing, on the left, R.F. and Modulator Sections and,
on right, rectifiers and power supplies.
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The frequency of the carrier used on the coaxial cable is ;
6.12Mc/s so that with an asymmetric sideband type of*
transmission the range of frequencies transmitted lies
between 3 and 7Mc/s approximately. It will be appre- "
ciated that the system requires the use of a modulator
and a demodulator at either end of a circuit, so that when
such cable terminates at the O.B. point itself (e.g.
Wembley Stadium), it is necessary for the extra equipment
—at this end the modulator—to be carried in the O.B.
Mobile Control Room, or, as is sometimes the case, in a
small Post Office van which will park alongside.  The
performance of cable circuits used for O.B.s will vary j}
to some extent according to circumstances, but the graph
of Fig. 1 shows the measured characteristic of a typical |
circuit between the O.B. point and Broadcasting House. |
The example refers to the O.B. from Hammersmith Palais §
last Christmas and the circuit included all three types of
cable described (see also Fig. §). -

P T

RapIo Links .

As ‘mentioned earlier, the B.B.C. had by 1937 acquired
mobile radio transmitting equipment so that Television |
O.B’s. could ream at will within the transmitter’s range
and" be independent of the necessarily restricted cable ,
routes. The first equipment of this’ kind was available
and installed in Hyde Park for the Coronation O.B. and
used as a standby in case of any failure of the then un-
tried cable circuit. Happily no such failure occurred and

so this radio equipment did not make its first bow to the

public until a few weeks later, when Wimbledon tennis

was televised. This ejuipment consisted essentially of al
Fig. 3. A complete. O.B. Unit on “location ¥ at Wimbledon

Left to right, collapsible aerial mast and its vehicle. transmitter, power !

unit, and (trailer-type vehicie) control room. The H-aerials' seen among

the trees are for receiving Alexandra "Palace for cueing and monitoring H
purposes. 1
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transmitter, installed in a rather large van (see Fig. 2), and
a receiver, the latter being based originally at Alexandra
Palace. A receiving aerial (with vertical polarization) was
erected at the summit of the main tower. The correspond-
ing transmitting aerial consisted of a directional array
suspended between two portable masts. This latter
arrangement proved cumbersome, and some time later the
B.B.C. acquired an old fire-escape ladder. This proved an
eminently satisfactory way of raising the aerial, which was
attached to the end. of the top section. By this means the
aerial could be quickly elevated to a good height—over
80 ft.—without any of the complications caused by the
guy ropes of an ordinary mast, the only requirement being
sufficient area of ground to stand the vehicle. So effective
was this arrangement that the B.B.C. quickly acquired
another similar ‘ mast,” built by Messrs. Merryweather
specially for the purpose (see Fig. 3), while since the war
two more of these were ordered and are now coming
into service. The use of the original fire-escape had to be
discontinued after the war on account of its age. The
aerials and their feeders, particularly at the transmitting
end, went through successive stages of development up to
the outbreak of war; but since the service re-opened a
standard design has been in regular use consisting of two
half-wave elements, centre fed, with a passive reflector
approximately one quarter of a wavelength behind, the
whole mounted horizontally. This arrangement gives a
polar diagram roughly of the form illustrated in Fig. 4.

Fig. 4. Approximate horizontal polar diagram of transmitting
and receiving aerials used for television O.B. radio links
(frequency approx. 65Mc/s) ‘

The directional properties are helpful in increasing power
and reducing interference, but, of course, they demand the
correct orientation of the aerial at either end of the path
according to the bearing of each individual O.B. with
respect to the receiving point. This would be done with the
aid of map and compass. At either end-the aerial is joined
to the apparatus by means of a solid dielectric cable which,
in the case of the transmitter, requires an internal diameter
of 2in. in order to withstand the high voltages applied.

Transmitter

The original transmitter supplied by Messrs. Marconi-
E.M.I. delivered a peak carrier of 1kW, requiring a power
input of about 18kW 3-phase 50c/s. The design of the
R.F. portion followed fairly conventional lines, though the
carrier frequency, approximately 65Mc/s, was in those
days higher than had been used for broadcasting, or even
communications except at much lower power. A Franklin
master oscillator was followed by two frequency-doubling
stages and five amplifiers, the final amplifier being grid-
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modulated by the output of the modulator. The latter
delivered a “video™ output of some 700 volts.  The
successive stages of amplification between the input and
output of the modulator maintained a frequency charac-
teristic substantially flat to 3Mc/s and followed, in
“stream-lined ” form, the general principles embodied in
. the design of the main transmitter at Alexandra Palace.
The considerable amount of input power required by this
transmitter made it inadvisable to depend on the availa-
bility of .mains supplies at O.B. locations and the B.B.C.
acquired a 25kW petrol-electric generator mounted in a
. separate van; this could be used as a power supply not
only for the transmitter but, if necessary, for the Mobile
Control Room. Thus, the first O.B. Fleet consisted of
four vehicles; control room, transmitter, aerial and power,
(Fig. 3). It will be seen that the use of a radio link
involved the addition of at least two and possibly three
vehicles to the O.B. “set-up ™ and this is one of the reasons
why, as mentioned earlier, the cable link has been pre-
ferred in congested areas. However, the use of radio
transmission had many unique applications and in 1938,
to meet the demands created by the growing popularity
of the O.B. programmes, the B.B.C. bought a second trans-
mitter and second mobile power unit. The new transmitter

o0

&
=1
0.
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Fig. 5. The O.B. radio receiving station at Highgate

The duplicate receivers are seen, each occupying two bays at opposite ends

of the row. Other equipment includes vision monitors, signal generator,

field-strength measuring set. The small bracket on the right of the far

receiver holds the remote control buttons for the aerial turning, and the
benring indicator.

followed broadly the design of the older one, except for
the modulator, the output stage of which incorporated a
“distributed ” amplifier. These two transmitters have
continued in regular service up to the present day and at
the time of writing are being used to as great an extent
as ever. It is probable that in the next year or so they
will be replaced by transmitters of shorter wavelength and
much more compact design, but meanwhile, and certainly
throughout this coming summer, they will be in consider-
able demand.

Receiver

The original receiver for use with the radio vision link
was of the superheterodyne type, but embodied many special
features, including a complex filter network between the
feeder and input in order to reject the powerful local field
from the main transmitters operating on 45 and 41.5Mc/s.
The frequency conversion was carried out in the first stage
and then followed by ten stages of 1.F. After demodulation
the black level was “clamped” and a video amplifier
supplied an output signal of some 10 volts. Later a
second receiver of the tuned R.F. type was supplied. The
performance of each was similar and, with one standing-by
for the other, they, like the transmitters, are still in
regular service, (Fig. 5).

APRIL 1951

123

Radio Reception Point

Although the radio reception point was originally at
Alexandra Palace it soon became evident that this arrange-
ment was not entirely satisfactory. Curious * splashes ™ of
intermittent interference frequently appeared during the
reception of O.B’s. and these, although they conformed
with no recognizable pattern, were found to be associated
with the operation of the main vision and sound trans-
mitters whose aerials, of course, shared the same mast. The
interference was spasmodic and sometimes absent alto-
gether; it seemed to depend on weather conditions and
could usually be expected on occasions of high wind. This
led to the theory that currents induced from the main trans-
mitters were being rectified by the varying contact
potentials between the steel members of the mast, as their
joints strained under the wind force, thus giving rise to
fitful bursts of re-radiation which were picked up by the
O.B. receiving aerial. Whatever might have been the
precise explanation there seemed no ready cure available
and so it was decided to re-site the receiver at Highgate
Village, sitnated on rather higher ground some two miles
to the south-west of Alexandra Palace. Suitable premises

were found and acquired and a 150ft. tower erected to
This original tower, of wood, was

support the aerial.

Fig, 6. The Lines Termination Room at Alexandra Palace

(@) The equalizer-amplifier .equipinent used in conjunction with the wide-

band balanced-pair cable occupies the two bays on the extreme right. Other

equipment on that side includes waveform and picture monitors, signal

generators and distribution amplifiers.  On the left (just in picture) are

the modulators and de-modulatdrs associated with the outgoing and
incoming coaxial cables.

unfortunately blown down during the war, but has since
been replaced by one of steel. The buildings and
the 150ft. steel mast are shown in the photograph
on page 120. The aerial system (two half-wave elements
and reflector) is mounted on a spar which can be
rotated by remote control. As mentioned earlier,
the aerial would need swivelling to the appropriate
bearing to suit each O.B. A man had to ascend the tower
for this purpose, but since the war an electrically driven
rotating gear, remotely controlled from the receiver room,
has been provided. This incorporates Selsyn motors to
enable the bearing of the aerial to be indicated -continually.
The signals from the receiver were passed on to Alexandra
Palace by means of the special balanced cable from
Broadcasting House which fortunately passed through
Highgate on its way and could therefore be readily
intercepted.

The performance of the radio vision link for O.B’s.
has varied according to the direction and distance from the
receiving point. In most directions the land around
Highgate falls away rapidly, but to the west some higher
land at Hampstead intrudes and propagation is weakened
accordingly.  Generally speaking, however, ranges of

_ELECTRONIC ENGINEERING



Fig. 7. The Central Control Room at Alexandra Palace

Signals from all programme sources are assembled and selected here.

The

Sound and Vision control panels are in the front row, left and right

respectively. Standing on the vision control desk is a high-grade waveform-

monitor.  Staff in the back row are, left to right. Continuity Secretary,
Presentation Assistant and Senior Engineer.

15-20 miles can usually be obtained in almost any direc-
tion, while on favourable bearings and at reasonably well
elevated transmitting points the range can be increased to
between 25 and 30 miles. For example, very fair signals
are obtainable from Ascot Race Course some 26 miles
from Highgate. As far as the frequency response is
concerned the overall performance is typified by the graph
of Fig. I which includes the complete chain between the
input to the O.B. transmitter and the input of the main
transmitter at Alexandra Palace. 1t will be seen that very
little distortion is introduced.

Arrangements at Alexandra Palace

The internal arrangement at Alexandra Palace for the
acceptance and retransmission of outside broadcast signals
may now be briefly reviewed. It will have been seen that,
irrespective of whether the main vision link has employed
radio or cable, the final signal will enter Alexandra Palace
on.the cable, that is from Highgate or Broadcasting House

respectively. This cable is brought into the Lines Ter-
mination Room, a centralized point for all incoming and
outgoing lines, both vision and sound, and their associated
equalizing and amplifying equipment, (Fig. 6). Here the
signals are monitored and tested. In this room at the
same time there may well be passing through signals in-
coming from Lime Grove and outgoing to Sutton Coldfield.
Before the broadcast is 8ue to begin the O.B. vision
signals are passed on from the Lines Termination Room
to the final distributing centre in Alexandra Palace, known
as the Central Control Room. This is where all incomi11z
programme sources, both vision and sound, are finally
selected and switched directly to the main transmitter. It
is possible to accept up to five vision sources and it is not
unusual to have this number incoming and awaiting trans-
mission in turn, e.g. Lime Grove, Studios A and B (both
these at Alexandra Palace), Telecine and an O.B. Two
vision screens are provided, one to show whichever
picture is being broadcast, the other for previewing at
will any of the waiting sources. If the O.B. is the source
next due to go on the air then it will be customary to
monitor it on the preview screen so that one can be sure
of its readiness as soon as required and also watch for any
technical defects. This Central Control Room acts as a
focal point in the handling and control of incoming pro-
grammes, and senior Engineering and Programme per-
sonnel are there to supervise. In the case of an O.B,
telephone communication on a private line would be avail-
able for the purposes of engineering control and
programme arrangements (see Fig. 8). ‘ -

The O.B. End

At the distant end the O.B. signals originating in the
Mobile Control Room will be connected by flexible cable
to the input of the vision link. When the latter is by radio
this cable can, if necessary, be several thousand feet in
length. This is convenient when, as often occurs, it
is desired to park the Transmitter some distance from the
Control Room in order either to secure a situation better
for propagation or to avoid congestion of vehicles close

Fig. 8. Schematics of typical O.B. links. (a) Vision by radio, sound by cable. (b) Vision by cable, sound by cable
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to the event. It carries a video signal of 1 volt to the
radio transmitter. In the case of a cable link it will be
usual for the Post Office to have made a temporary exten-
sion to terminals conveniently close to the control point.

The block schematics in Fig. 8 show the routeing of
vision, sound and communications circuits for two typical
outside broadcasts.

Advance Planning

In order that O.B’s. can be carried out efficiently it is
usually necessary to make careful preparations in advance.
For cable-linked O.B’s. the Post Office must be notified of
requirements, including the precise point where the Mobile
Control Room will be located, it then being left to the Post
Office to work out their own proposals as to the types
of cable and routes to be adopted in order to convey
the signals to Broadcasting House for onward transmission
by the permanent circuit to Alexandra Palace. The Post
Office may have to arrange for portable repeater equip-
ment at appropriate points and in all cases will ensure the
necessary setting-up of circuits with staff standing by at
the appropriate times, the B.B.C. being responsible for
operating the equipment at Broadcasting House and, of
course, .at Alexandra Palace. In addition to providing a
through circuit for the period of the O.B. it is usual to
conduct preliminary tests some hours beforehand, while in
the case of new and untried routes the performance may
well be proved some weeks
decision on the possibility or otherwise of carrying out a
particular broadcast may well depend on the outcome of
these circuit tests.

Fig. 9. One of the new portable radio links, using a centimetric
wavelength and a very narrow beam

(Equipment supplied by Marconi’s Wireless Telegraph Co., Ltd.)
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Whereas an O.B. by cable throws a greater burden of
responsibility on to the Post Office, a radio O.B. will be
entirely in the hands of the B.B.C., whose O.B. Depart-
ment are responsible for selection of site and for all pre-
liminary testing, in co-operation with the receiving end,
which' is operated and supervised from Alexandra Palace.
It is not always possible to predfct the efficiency of a radio
path, and before acceptance of a proposed programme
involving radio from a hitherto untried location it is com-
mon practice to send out the mobile transmitter and aerial
some weeks in advance to establish the circuit. Such
tests will confirm not only the signal level at the receiver
but also the presence of unwanted reflexions. If the trans-
mitter or receiver is close to tall obstructions, such as
towers, gasholders, radio masts, etc., it is not uncommon
for a second image to appear beside the main one as a
result of multi-path transmission due to reflexions. In
such cases improvements or a cure may sometimes be made
by re-orientating the aerials with the hope of reducing the
relative power radiated in the direction of the reflecting
obstruction. '

It is the responsibility of the B.B.C’s Outside Broadcast
Department, from its headquarters at the Palace of Arts,
Wembley, to deal with these advance preparations as well
as with the operation and maintenance of the equipment.
Other details associated with the vision link and which
usually need catering for in advance, include, for a radio-
linked O.B., the power supply for the transmitter (when
this can be derived from the mains), parking positions ‘and
permissions for-the vehicles, and the laying and routeing
of cables from the Mobile Control Room. ' '

Future Developments

As mentioned earlier, we are now on the threshhold of
developments which will greatly extend the scope of tele-
vision outside broadcasts. The main developments are (a)
the G.P.O’s national vision network, consisting of the
cable and radio circuits linking London, Birmingham,
Bristol, Manchester and beyond, and (b) the use of compact
portable transmitters and receivers on metric or .centi-
metric wavelengths, facilitating long distance connexion by
means of “ multi-bop,” or tandem, working. An instance
of this was the relay from Calais when four, and on the
second occasion five, separate links formed the chain to
London. The national network has already reached
Birminghagn and, although primarily laid down by the Post
Office to distribute vision to the provincial transmitting
stations, will have a duplicate channel for sending signals
in the reverse direction. The combination of these
permanent “ main lines” with temporary branch circuits
(which could consist either of radio links of the kind just
referred to or of telephone lines for short distances) opens
the way to television O.B. coverage of a very large part
of the British Isles. Already programmes from
Nottingham, Leicester and Birmingham have been
successfully transmitted by these microwave links (Fig. 9).
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"MECHANIZED REASONING
- Logical Computors and Their Design

By D. M. McCallum, B.Sc., AM.LE.E. and J. B. Smith, M.A., B.Sc., A.M.LE.E., A.Inst.P.*

HE prominent part played by intuition and flashes of

inspiration in the process of human thought obscures
the fact that much reasoning involves merely the elimina-
tion of situations which conflict with clearly definable rules.

Such problems of elimination may be expressed mathe-
matically and may thus be brought within the scope of
modern high-speed digital computors. These computors
are however generally designed to deal with great pre-
cision with numerical problems; on this account they tend
to be large and complex. It is not generally realized that
the logical problems involved are essentially very simple
and may therefore be solved by relatively simple
mechanical means’

The present article describes a “slow-motion” demon-
stration model built from a small number of readily
obtainable components, but nevertheless able to solve

logical problems which are not entirely trivial. There are

in the internal circuits of the instrument only 17 relays
and one stepping switch. Compared with the human brain
with its. 10" cells the .“level of intelligence” of the
machine is thus extremely low, and the remarkable results
obtained from it are due to the extremely specialized
function of the elements and their connective units. Some
indications are given later in the article of possible develop-
ments which lead to more sophisticated structures of
greater  “intelligence” and correspondingly greater
economy of design.

. Symbolic Logic

A mathematical treatment of logic has been described
by Boole' and other writers. The method of treatment
employs ideas such as. the following: suppose A is a
concept which is either true or not true. We denote A
and “not A” by A, X respectively. Then if B is another
concept, various multiple concepts may be defined, for
example : —

Aand B representing the combination AB
AorB representing the combinations AB, AR, XB.
Aorelse B representing the combinations AB, XB.
A if and only

if B representing the combinations AB, XB.
If A,then B representing the combinations AB, XB, AB.
and so on.

As an example of the use of such symbols the following
regulation may be considered. ‘ Only members or their
guests may play over the Blankshire Golf Club’s course.”
This is evidently equivalent to

A if and only if (B or C).
where

A denotes eligibility to play over the course.

B denotes membership of the club.

C denotes the status of member’s guest.

Now this multiple concept,. by the above definitions,
represents the combination AD, AP, where D is “B or C”.
Also by the above definitions, D répresents the combina-
tions BC, BZ, BC, and hence P represents the remaining
combination BZ. Combining the two results, the multiple

K Ferranti, Ltd., Edinburgh.
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concept represents ABC, ABZ, ABC, ABZ. Hence the
;:lalsses of persons consistent with the regulation are as
ollows: i

(i) ABC. Eligible pérsons who are both members and
members’ guests.

(i) ABZ. Eligible persons who are members.

(iii) ABC. Eligible persons who are members’ guests.

(iv) ABZ. Non-eligible persons who are neither
members nor guests.

Any other combination must involve a logical contra-

diction, e.g., ABZ. Members not eligible to play over the
course, and so on.

Application of Systematic Logical Method

A logical problem may in general be solved by tech-
niques similar to the above provided that it is capable
of being reduced to a form which consists of one or more
“rules ” (the regulation in the above example) connecting
a number of “variables” (which have only two possible
states, as A, B, C in the example) by standard logical
relations. The number of possible relations is not large;
the definition of those which shall be regarded as “ stan-
dard” is a matter of convenience; three are sufficient
(e.g. “not,” “and,” “or”) while the use of more than
about eight tends to be confusing. The reduction of the
problem to the desired form is not always easy, but is
in general much less difficult than solving the- problem
completely. Once the problem has been reduced to the
standard form, it may be “solved” by a machine. The
solution will in general consist of the finding of all possible
“answers,” that is to say, combinations of the variables
which are consistent with all the rules. The example above
has one rule, three variables and four answers.

A machine dealing with problems of this nature and
known as the Kalin-Burkhart Logical Truth Calculator has
been constructed,? but is known to the authors only
by name.

Fig. 1. Genperal view of the Logical Computor.

The wmain computor is on the right, while on the left is the rack with the
connective boxes. In front of the rack is the counting unit
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The Ferranti Logical Computor

The computor has been built from war surplus relays
and components which were readily available. No attempt
has been made to produce a highly refined circuit, and
improvements may be apparent to the reader.

The general appearance of the machine is apparent from
Fig. 1, in which there will be seen seven pairs of signal
lamps at the top of the rear panel of the computor; each
pair represents one of the variables. The upper lamp of
each pair is green in colour and lights when the variable
is in the “ affirmative ” state; the lower (red) lamp indicates
the “ negative ™ state. These lamps permit of the reading
of the combination of the variables which is being dealt
with at any instant; for example, if the lamps show the
sequence (reading from left to right) red-red-green-green-
red-green-red, then the combination set up in the machine,
using the previous notation, is ABCDEF@.

When the first variable is in the state A the six
paralleled output sockets beneath the indicating lamps for
that variable are *live ” (this term will be used through-
out to denote direct connexion to the + 24 volt supply) and
when it is in the state X the sockets are connected to
earth, and similarly with B, C, D, E, F and G. When the
machine runs through a problem, every combination of
the seven variables is set up in a prearranged sequence.
There are 128 such combinations.

The middle area of the machine is for the insertion of
the rule boxes required for the particular problem. These

boxes may be seen in the rack on the left of Fig. 1; a
number of them are shown plugged into the computor in
Fig. 7. Each box contains a Siemens high speed relay and
picks up the supply voltage from a pair of sockets into
which it is plugged. These rule or connective boxes are
all so designed that when the variables connected to the
input terminals satisfy a certain logical relation, a green
signal lamp on the box lights and the relay makes the
output terminals of the box live; when, on the other hand,
the required relation is not satisfied, the output terminals

" are earthed and the lamp does not light. The six types
of connective box used on the machine are NOT, AND,
OR, OR ELSE, IF AND ONLY IF, IF THEN.

CoONNECTIVE Boxes

The operation of these boxes is described by denoting
the inputs to them as x, y, z, where each of these letters
may denote any one of the variables A, B, C, D, E, F, G,
or may denote the output of a preceding box.
In every case x will denote the variable in its affirmative
state and will thus correspond to a live lead; ¥ will con-
versely correspond to an earthed lead. )

Reference should be made to the diagrams of Fig. 2
for details of the circuits used to perform the functions
indicated below. :

{a) NOT This box has a single input. If this input is
earthed (i.e. in the negative state), the condition
NOT is satisfied and the relay makes the output
sockets live and lights the green lamp on the box.
Conversely, if the input is live, the condition NOT
is unsatisfied and the relay connects the output
sockets to earth and extinguishes the lamp.

This may be expressed briefly by saying that this
condition is satisfied by %.

(b) AND This box may have any number of inputs up
to six. The condition to be satisfied is that wll
inputs must be in the affirmative state; if there are
three inputs, the condition is satisfied by xyz only.

This is brought about by the circuit shown, the
inputs being connected through selenium rectifiers
shunted by 1.5k{) resistors; the cathodes of the rec-
tifiers are connected to the input terminals. When
any input is earthed, the resistance to earth in
parallel with the relay is so low that even if all
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the others are live they are unable to develop suffi-
¢ient voltage across the relay to operate it. Input
sockets not required need not be connected. :

(c) OR This box may also have any number of inputs
up to six and the required condition is that at least,
one input must be in the affirmative state. Here
the anodes of the rectifiers are connected to the

- input terminals and any one live input generates

" a sufficiently large potential difference across the
relay to operate it. With three inputs the condi-
tion is satisfied by any one of xyz, Xy%, X¥z, £yz,
Xy%, XV, Xyz. :

{(d) OR ELSE This box has two inputs and the condition
is that they shall be in opposite states. The relay
operates and makes the output live when one or
other of the inputs is live and the other earthed. To
operate this box both input terminals must be con-
nected. The condition is satisfied by xy or xy.

(e) IF AND ONLY IF This box has two inputs and re-
quires for satisfaction of the condition that both
inputs shall be in the same state (i.e. both affirmative -
or both negative). The relay bobbin is connected
between the input terminals as in the OR ELSE
box, but the output is live when the relay is not
operated i.e. when the inputs are either both live
or both earthed. The condition is satisfied by
Xy Or %y.
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(f) IFTHEN  This box has two inputs which corre-
spond to the relation “if x, then y”; it is to be
noted that this differs from “if y, then x> so that
the order of the input sockets is important. The
condition is satisfied by xy, xy, Xy but not by xy.
The circuit is similar to that for “IF AND ONLY
IF > with an additional rectifier which prevents the
relay from operating when the inputs are of the
form gy.

CONTROL PANEL

The front section of the machine carries the controlling
switches and the lamps which indicate in what state the
machine is. There are three such states.—

(1) RESET This is the condition of the computor when
ready to ‘start scanning. When switched on, the
machine rapidly sets itself in this condition. At any
time on pressing the RESET button the machine
will return to this condition as it also does on
completing a scannmg cycle of the 128 com-
binations.

(2) SCANNING When a problem has been set up the
machine is started searching for an answer by
pressing the THINK button. If the AUTO-
MANUAL switch is at AUTO the machine scans
the combinations under the control of the self-

oscillating timing relay.
o+ A B
Tal s

(3) ANSWER On reaching an answer the
machine stops; the answer may be
read from the lamps showing the
states of the variables.  After the
answer has been noted the machine
is started scanning again by pressing
the THINK button.

and this may readily be extended to seven digits. Using
this arrangement the seven relays are operated or released
on the pattern shown in the change column of the table. -
The circuit shown in Fig. 4 is used for the relays. When
a relay is to be made the “m™” line is earthed and when
it is to be released the *“ b line is earthed.

A four bank uniselector is used with 50 contacts on
each bank. This gives 200 positions of which only 32
on each bank are used for changing the variable relays.
The uniselector is stepped round by a timing relay circuit
at about 3 steps per second. After 32 contacts on a bank
have been used it steps rapidly over the remaining 18
changing the a or S relays (Fig. 4) which switch the cir-
cuit through the four banks in sequence.

The complete circuit for the computor is shown in
Fig. 4. The other relays perform functions connected with
starting, finding an answer and resetting.

CountING UNIT

As an additional facility a box is provided to count the
number of the seven variables which are in-the states A,
B, etc. (i.e., having outputs live, as opposed to X, B, etc.
which have outputs earthed). This is done by a digital
method using relay switches to transfer the input from one
line to the next (Fig. 3). The box can be seen in Figs. 1
and 7 next to the main computor; it has a row of 8 lamps
numbered 0 to 7, and lights the lamp corresponding to
the number to be indicated. Each lamp has a push-button
which when depressed makes the output socket of the
box live whenever the lamp lights; one or more of these

To operate the answer mechanism the
outputs of the rules in use are plugged into
the sockets at the front of the machine.
These go to an AND box which operates
the angwer relay and lights two large signal
lamps when a combination of wvariables
consistent with the rules is found. The
machine may also be made to find com-
" binations inconsistent with the rules by
switching the CON-INCON swiich to
INCON. This converts the final AND box
into a NOT AND box.

MEecHaN:sM oF COMPUTOR g

The arrangement for setting the 128
combinations of the 7 variables consists of
7 relays, one for each variable, a uniselector
which opens and closes them in a pre-
arranged sequence, and auxiliary -relays.
The sequence in which the variables are
altered is that known as binary cyclic

permuting code in which only one change
is made from one combination to the next.
For the first four variables a complete
sequence is :—

Combination | Changes Zombination Changes
ABCD mA ABZD mA
ABCD mB ABZD mB
ABCD bA ABCD bA
ABCD mC ABCD bC
ABZD mA ABCD mA
ABZD bB ABCP bB
ABZD bA ABCD bA
ABZD mD ABCP bD

(mA denotes ** A relay makes,”” bC denotes ** C relay breaks” etc.)
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Fig. 3. Digital Relay Counter

buttons may be depressed at any time. This enables the
box to be used to impose a numerical condition which
may be plugged into the output stage of the main computor
in addition to the other rules. This use is illustrated in
Problem II of the examples which follow.

Examples of the Use of the Computor

. Problem I

Find the classes of persons conforming to the rule:
Only members or their guests may play over the
Blankshire Golf Club’s course.
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This problem was explained earlier. The con-
nexions required to set it up in the machine are
shown in Fig. 5 and the machine will find the four
solutions in succession. :

Problem II

I am going to University and have to choose what
subjects I will do in my final year at school. The
subjects I can choose are Maths, History, Science,
English, Latin, German and French.

English is compulsory and I may choose up to
five other subjects. If I take Science I must take
Maths. If I take Latin then I cannot take German
as the timetable clashes. I do not want to take
History. For entrance to the course at the Univer-
sity I need to -have Science and French. How
many ways may I choose the-subjects?

The connexions required to set this problem up

are shown in Fig. 6(a). There are only two solutions.

A B Cc D E F G
Eligible  Member Guest of
10 play member

0 Q O (o] o] [o] ©

L J

A4
(NOT IN USE)"

Rule: A if and only if (BorC)

Fig. 5. (Above). Setting up problem with a single rule

Fig. 6. (Right) (a)
Rules (i) Not History.
() If Science, then Maths. (v) 5 or 6 subjects.
(i) If Latin, then not German. (vi) English.

(b) See text for explanation of rules
Prablem I
It is known that salesmen always tell the truth an
engineers always tell lies. :
B and E are salesmen. C states that D is an en-
gineer. A declares that B affirms that C asserts

that D says that E insists that F denies that G is.

a salesman. .

If A is an engineer, how many engineers are
there? :

This problem is sét up by taking A and X to
represent “ A is an engineer” and “ A is a sales-
man (i.e. not an engineer) ” respectively, and simi-
larly for the other variables. The connexions then
required are shown in Fig. 6(b). It is not immediately
obvious how these are deduced from the problem.
The basic guide is that if “ A states X, this is
equivalent to “ A is an engineer or else X is true ”;
repeated application of this formula is all that is
necessary for setting up the two rather involved
rules. It is to be noted, therefore, that the opera-
tor does not have to grasp the implications of
either of these rules as a whole, so that the difficulty
of setting up the machine is very much less than
the difficulty of solving the problem without the
machine. .

There are four solutions (ABZDFFEG, ABZDFF@G,
ABCPFEG, ABCDEF®), and inspection shows
that in every case the number of engineers is three.

The appearance of the computor with a problem set
up is shown in Fig. 7.
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Possible Extension of a Computor of this Type

The reader who has followed thus far may be inclingd
to question the usefulness of a computor of this type. The
demonstration model described is of course severely limited -
in, scope, but it is possible to envisage elaborations of it
which would greatly increase its usefulness without adding
to its complexity. These will be considered under three
headings )

(i) Use of the present Computor as control mechanism
for a numerical calculating machine.

(ii) Design of a Computor on the same principles as
the present one, but of greater capacity. 2

(iii) Design of a Computor on the same principles as
the present one and of greater capacity, but incor-
porating more advanced ideas in order to reduce
greatly the solution time for problems of a certain
class. : '

MATHS. HISTORY SCIENCE ENGLISH LATIN GERMAN FRENC

C a

A Logical Computor as Control Mechanism for Numerical
Calculations ’

This use may best be described by means of an example
of the type of problem which may be attacked:

What is the probability of throwing at least two heads
when tossing four coins, of which two are normal, and
two biased, one in such a way as to throw tails twice as
often as heads and the other in such a way as to throw
tails nine time out of ten ?

This problem is mathematically equivalent to obtaining
from the expansion of ((H + 1T)! (H + 3T)
(1/10H + 9/10T) the sum of the numerical coefficients
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of all terms for which the index of H is equal to or greater
than 2. There are therefore two distinct steps in obtaining
the result, namiely, selection of terms and operation upon
the coefficients of selected terms. A Logical Comptitor is
.ideally suited to perform the first step and may therefore
be used to control a numerical computor performing the
second.

The selection process is done thus: suppose that each
coin is represented by a “ variable ” of the Logical Com-
putor so that A, B, C, D represent “ heads” and X, B, €,
P, “tails.” Then the condition requiring two or more
heads is evidently represented by the single rule:

~(A and B) or (A and C) or (A and D) or (B and C) or
(B and D) or (C and D) which may be set up directly in
a manner analogous to that described for previous prob-
lems, and will cause the instrument to signal an ‘““ answer > *
whenever a combination is set up which includes two or
more * heads ™

If now the Logical Computor performs its usual routine
of scanning sequentially the possible combinations (sixteen
in all) of “heads” and *tails ™, it is obviously a simple
matter to arrange that for each combination set up, four
and only four factors are fed into a multiplier, these factors
being as follows : —

First factor 4 if the combination contains A
1

T 1) [t} ’ 2 A
Second factor & ,, ' . B
. % »” ?” ” ” B
Third factor { ,, " " C
z 'z

3 2 I’ 2 Y
Fourth factor & ,, » » D
120 2 £2] ” td] D
The relation of these factors to the problem will be

evident; to solve the problem it is only necessary to run
through the sixteen combinations and to add the outputs
given by the multiplier for all combmattons indicated by
the Logical Computor to be ‘ answers,” and for no

others. The routine therefore proceeds thus:
Combination set : Conditional- X
g | e | Pt | G |
1 1 1 1 1 1
ABCD — ey = || — -~ |[—=
2 2 3 10 | 120 120
ABCD 1.1.1.1*% 1 — |
ABCD 1.1.1:1 1 — | 3
ABCD 1.1.1.1 1 — 4
ABZD 1.1.2.1 2 — | 6
ABZD 1.1.2.1 2
ABZD 1.1.2.1 2 — | 8
ABZD 1.1.2.1 2 — |10
ABZD 1.1.2.9 18 > |28
ABZD I 1.1.2.9 18
ABCP 1.1.2.9 - 18
ABCD 1.1.2.9 18
ABC 1.1.1.9 - 9 - | 37
ABCD 1.1.1.9 9
ABCD 1.1.1.9" 9 — 46
ABCP 1.1.1.9 9 |55

* Denomlualors of all fractions remain constant and are omitted from
this point onwards)

The .required probability is thus 55/120. Although the
description appears complex, the design of the numerical
computor is not difficult, and- the authors have been able
to design a simple relay computor (using about 20 relays
only) which could be controlled by the Logical Computor
described and which would perform the above calculation
with probabilities chosen from the discrete values 0, %, %,
4, 3, %, 1, for any number of variables up to seven, dis-
playing the final result as an exact vulgar fraction.
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i A

‘Fig. 7. View of Computor set up for Problem HI-

Leads come from the variables to the connectlive boxes and fram the out-
puts of the connective boxes to lhe sackels in the control panel, the latter
sockets being the inputs of the ** AND "’ box which detects answers.

A Logical Computor of 1Greater Capaclty

The desirability of increasing the capacity of the present
Computor is evident. There is no difficulty in.increasing
the capacity by a factor of about 2 or 3, since it is possible
1o use an identical system wnth valves replacmg the relays.
This enables the “scanning” of possible solutions to be
done at a much greater rate; a thousand times faster would
seem not unduly difficult and since 1000 = 2'° approxi-
mately, this would enable the possible combinations of 17
variables to be scanned in the same tlme at present used
for 7.

Since with a larger capacity the number of * answers”
found will tend to be larger, it would be desirable to pro-
vide for the machine to record answers automatically and
not, as in the case of the present machine, to stop on find-
ing an answer. This presents no technical difficulty.

It is clear, however, that the doubling of the length of
the operating cycle which accompanies each increase of the,
capacity by a single variable will ultimately set a limit to
the capacity of such a machine and that a machine to deal
with say, 50 variables would be impracticable.

This difficulty is a fundamental one, and can only be
resolved by a new approach to the problem. A possible
method of attack is described in the next section.

A Logical Computor involving more Advanced Principles

Let it be supposed for the present that the problem con-
sists not of finding all “answers” to a logical problem,
For definiteness, consider the problem of
which the * rules” are

If B, then C.
A If and only if D.
A or else B.

The reader should attempt to obtain mentally a single
“ answer ' to this problem. (There are, in fact three, namely
ABCD, ABZD, XABCP). He should then consider the
mental process by which he arrived at the solution; he will
probably find it to be roughly that of assuming a trial
solution and modifying it to remove features inconsistent
with the rules.

It was suggested to the authors by Mr. M. K. Taylor
that a logical computor might be made to operate on this
principle, and they have, in fact, been able to give a simple
demonstration of this technique using special ‘ sensitive
variable ” units in conjunction with the normal connective
boxes of the basic Logical Computor. The * sensitive
variable ” units have the following properties:—

(a) Each possesses a number of output sockets and a
number of input sockets (known as ‘ feedback”
sockets for a reason to be explained later).
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(b) Each has two basic states, corresponding to the
affirmative and negative states of the variables of the
original Computor. In the affirmative state a green
lamp upon the unit is lit, and the output sockets are
connected to. +24V; in the negative state a red
lamp is®it and the output sockets are connected to
earth.

(c) Either state is normally stable; that is, the unit
remains in whatever state it happens to be. An
exception to this.rule is that when any feedback
socket of the variable unit is connected to earth, this
has the effect of making the unit “hunt” between
its two basic states, changing its state about twice per
second.

Each sensitive variable unit contains only a single relay;
the circuit is shown in Fig. 8.

Referring now to our problem, suppose the problem is
set up as in Fig. 9(a) with these sensitive variable units
linked by connective boxes of the type previously described
in accordance with the given rules. The configuration of
the variable units will then be an “ answer ” if and only if
all three rules are satisfied, i.e., if the leads marked 1, 2,
3 are all live. If it is not an anwer, one or other of the
leads 1, 2, 3 will be connected to earth.

Now let additional connexions be made as in Fig. 9(b)
where the dotted lines represent connexions from the leads
1, 2, 3 to the feedback sockets of the variable units made
on the principle that each rule is ** fed back” to all variables
in it, ie., “A or else B” is connected back to A and B,
and so on. 'This gives rise to a network which has the
following desirable properties.

(a) If the configuration set up on the variable units is
an “answer ” then the network is stable and remains
in that configuration.

(b) If the configuration set up is not an answer, the net-
work changes its configuration.

(c) The change in configuration occurs only in those parts
of the conﬁguratlon whlch violate the rules.

FEEDBACK
SOCKETS

470
100,

R2

wl|o

3000pF

Fig. 8. (Above). Circuit diagram of sensitive variable unit
Fig. 9. (Right)._F eedback connexion principle

Referring again to the example and to Fig. 9, suppose
the initial configuration is ABZP. Then the first rule (if
B, then C) is satisfied, so point 1 is live; the second rule
(A if and only if D) is satisfied, so point 2 is live; but the
‘third rule (A or else B) is unsatisfied, so point 3 is con-
nected to earth. This places an earth on the feedback
sockets of variables A and B, which begin to hunt. Sup-
pose A changes first, giving ABZI. This satisfies rule 3,
so the earth on point 3 disappears; but at the same time
an earth appears at point 2, since rule 2 is not now satis-
fied; A and D now begin to hunt. Suppose D changes
ﬁrst giving ABZD. This satisfies all the rules, so points 1,
2, 3 are all live and no further change takes place

It is seen that this type of system may give a rapid con-
vergence towards a solution however many variables are
involved. There are, however, certain basic difficulties
which arise, which will be briefly outlined.
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The first is concerned with the general stability of the
network set up; as would be imagined, the introduction of
a large number of feedback loops brings with it the pos-
ability of continued oscillations of a periodic type which
represents a process of ““arguing in a circle.” To illus-
trate this, reference is again made to the above example;
suppose that the sensitive variable A always hunts more
rapidly than the others. Then as before ABZP will
require that A and B hunt; A, being the more rapid, will
change first, giving AB¢]Z); this will require that A and D
hunt; but this time, A being the more rapid, will change
again, restoring ABZD; this cycle will repeat indefinitely.

It might appear that this type of instability could be
avoided by making the hunting rates of all variables equal,
but this is not so; referring again to the example, XABZP
would change to ABZP (A and B changing simul-
taneously); this latter combination violates all three rules,
and all variables would change, giving XBCD, which vio-
lates rules 2 and 3. This in turn would give ABCP, which
still violates the same rules, causing a return to XBCD,
and the latter two configurations would alternate indefi-
nitely. In practice it is found that even if the hunting
rates are only approximately equal when measured in-
dependently, there will be a tendency when they are
coupled into a network for “ pulling in™ to occur so that
all variables hunt at a common frequency.
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The complete solution of this problem is outside the
scope of this article, but it consists in brief of introducing
“random ” disturbances which momentarily “ clamp ™ one
variable (i.e., remove from it all feedback connexions) and
thus effectively break up any periodic oscillation.

A computor of this type will in general tend to find an
“ answer ”” which differs as little as possible from the initial
configuration set up. If all answers are required, it is
necessary that all initial configurations be set up, and this
type of computor reduces to the simple type considered
earlier. It is however possible in general to select from
the set of all configurations a subset of any given length
which has the property that any configuration lies tolerably
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close to oné member of the subset. (The property is more
accurately expressed geometrically; the n variables, re-
garded as numbers which may have the value 0 or 1, are
the vertices of an * n-dimensional cube ” in n-dimensional
space; the required subset is a group of approximately
equidistant vertices of this figure). For example, with four
variables, every configuration lies within one change from
at least one member of the subset ABCP, ABZD, ABCP,
ABCD, but the members of the subset all differ by at least
two changes. Herce, if these be used as initial configura-
tions in four trials with a computor. of the feedback type,

" thé probability of obtaining several different answers is

much enhanced. The operations .of recording the answer
found and setting up a new initial configuration may, of
course, be made automatic in cases where a large number
of variables are used.

The properties of such a feedback computor may there-
fore be summarized thus:

(i) The time taken to obtain a single
reduced.

(ii) If the number of “answers” is” small and the
“answers ” are isolated (i.e., all differ appreciably)
then steps may be taken to increase the chance of

“answer ” is much

obtaining all answers early in the operating cycle.
This is a particularly useful feature if the number of
.answers is known.

(111) In general, if all answers are requ1rcd every initial
configuration must be set up; in this case there is

no advantage to be gained from the feedback
method. . :

Conclusion

The authors feel that the possibilities of small specialized
computors of this type are tending to be overlooked and
that intensive investigation of their capabilities should be
made. It is hoped that this note may stimulate further
work in this direction.

The authors wish to thank Messrs. Fcrrant1 Ltd., for
permission to publish this note and to acknowled’ge the
numerous valuable suggestions made by Mr. M. K. Taylor,
Chief Research Engineer, in connexion with the work
therein. 3
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A Three State Flip-Flop
. By Andrew D. Booth and J. Ringrose *

URING investigations into the design of shifting

register units* for an electronic computing machine a
certain instability of operation led to the suspicion that the
flip-flop units® were behaving in an unusual manner. A
closer examination showed that for the circuit constants
in use the only. tenable explanation was that the circuit
had three stable states. A drawing of the circuit is given

> tbelow, and it was found -that when the valve in use was

‘a 6J6 the three stable state conditions could be reliably
obtained for values of the cathode resistor R varying from
R = 3.8kQ) to 4.2kQ) and for a 6SN7 from R = 3.0kQ) to
4.0k(). A large number of valves of those types Wwere
found to exhibit the effect with complete uniformity.

It will be noticed (Fig. 1) that no anode-grid storage
capacitors are present, so that the circuit, as it
stands, willsnot act as a counter. However, if the
circuit is rendered as symmetrical by inserting a capa-
citance of from 15 to SOpF in one of the anode to grid
circuits as shown in Fig. 2, the circuit can be made to count
reliably in scale of three when positive or negative pulses
are applied to the common cathode resistor as shown.

The normal explanation of the action of flip-flop

! circuits? does not predict the existence of the third stable

* Birkbeck College Electronic Computor Project'.

equnhbrlum state and measurements were made to clear up
the matter. It appears that in the symmetrical case both
sections of the valve conduct in such a manner as to pro-
duce a common cathode potential slightly in excess of the
common grid potential (0.15V). This means that the circuit
behaves as an amplifier with positive feedback, and the
output/input voltage rclationship i% given by:
E, = ,U /1 -

E, and E; being the output and input voltages respectively,
u being the effective amplification of the system and 83 the
feed-back factor.:

Since'no reactive elements (to a first approximation) are
present in the circuit, it follows that the vector Su is fre-
quency invarient and real, and hence Nyquist’s criterion®
shows the system to be stable. For large signal inputs,
however, discontinuities are reached when grid current is
drawn by one valve and also when a valve cuts off, this
causes a change ip the vector 8x which moves through the

value 1, the circuit becomes unstable, and transition to onev *

of the normal states occurs. In support of this mechanism,
it may be mentioned that if cross coupling capacitances
are introduced between both anodes and grids the circuit
no longer has the third stable state which is in accord with
the detailed predictions of Nyquist’s theory.
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Piezo-electric Crystal Devices ews

By S. Kelly *

Bender Bimorphs

The bshaviour of a bimorph made up of simiple ex-
pander elements is illustrated in Fig. 6. (a) shows two
identical expander elements oppositely oriented, (b) shows
the motions of the'individual elements under an applled volt-
age when they are not cemented together, and (c) shows
the motion of the bimorph when the elements are
cemented together. To the right of each of the figures,
end views of the elements are shown. These clearly in-
dicate the presence and effect of stresses and motions in
the width as well as the length directions of the elements.
It is obvious that the thinner the elements are made the
greater will be the mechanical amplification and the lower
the mechanical impedance. This fact of being able to vary
the mechanical impedance of the bimorph enables the de-
signer to “match” the various mechanical impedances in the
system and thus obtain optimum power transfer in much

B. TENDENCY OF BIMORPH PLATES

Fig. 6. Derivation of

3

the same way as the communications engineer “ matches ™
his electrical circuits (say output valve and load). As a
matter of fact, the chief limit to the amplification .which
can be achieved in a bimorph is set by practical limita-
tions in cutting thin slabs of crystal, and the final
mechanical strength of the assembly.

Thus a bimorph can be used to advantage to secure
much larger voltage outputs when driven by sources of
low mechanical impedance than would be developed by
simple piezo-electric elements alone. In this application
it functions as a “step-down” lever, which changes large
motions with small force into large force with small
motion. An analogy from basic electrical theory will show
that when the source of mechanical energy from which
a piezo-electric element is to be driven is capable of rela-
tively large motions (current), but with little force (voltage),
a bimorph will yield a much higher output than a simple
element because of better impedance matching. When the

* Chief ' Engineer, Cosmacord, Ltd.
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mechanical impedance of the driving source is relatively
high, however, as in the case of vibrations transmitted
in a liquid, there is little advantage in using a bimorph
element in a microphone and it is more usual in such
applications to use a simple element such as an expander.

Torgue Bimorphs

In addition to the bender bimorphs described above, it
is possible to- make “ Twister” or “ Torque” bimorphs
by suitably cementing two shear plates together.  The
basic- detail of a torque bimorph is illustrated in Figure 7.
(a) shows two shear plates deformed by the application of

.a voltage. It is seen that the plates are so oriented that the

stresses produced by the applied voltage are in opposite
directions. (b) and (c) show these two plates placed one

over the other and again deformed by the application of
an applied voltage.

FLEXED BIMORPHS

¢‘ Bender Bimorph *’ .

If these two plates are cemented together the stresses
in each individual plate can no longer act freely since the
reaction of the plates upon each other prevents them from
deforming in shear. As a result, a couple which tends to
twist the element with a resulting deformation as shown
in (d) is caused-by the oppositely directed shearmg stresses
in the two plates.

If the polarity of the applied voltage were reversed, the
element would twist in the opposite direction, since the
direction of the shearing stresses in the two plates would
be reversed.

As with bender bimorphs, many different types of
mountings are used in application of torque elements.
There are, however, two methods of mounting which are
especially common. These are the edge and the three-
corner mounting. In the edge mounting, usually used with
long narrow elements, one edge of the element is held by
connecting it to a rigid support. With this type of mount-
ing, the mechanical load (or drive) is normally applied
across the edge opposite the support and a rotation about
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the longitudinal axis of the element 2
results from the torque. .
Alternatively, in applications where
a reciprocating motion is desired, a
three-corner mounting may be used in
which three corners of the element
(usually square) are cemented to com-
pliant plastic pads, and the mechanical

load (or drive) connected to the fourth
corner of the element. The motion 1s.

of course, perpendicular to the major
faces.

There are many variations of these
basic mountings which find application
for special purposes, but it is not
feasible to discuss them in the present
article.
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Like bender bimorphs, torque bi- 2.

morphs, because of their lever action,

present a low mechanical impedance at bt

their drive points and they offer the s +

same advantages as benders in the fqrm LIRSS

of high voltage output for low driving + +

force. . f

. . NONENNN

Electrode Connexion of Bimorphs _ %\\
The elements which comprise a * ]

bimorph can be connected in two ways, x

depending on their orientation with B

respect to each other. The connexion
may be “ parallel” by connecting the
electrical capacitances of the two units
in parallel. By turning one element
over, the polarity of the elements is
“series aiding” and the result is a )
bimorph which requires no centre electrode, but has only
one-fourth the electrical capacitance of the parallel con-
nected bimorph. This method of connexion is known as the
“series ” connexion. Assuming that the capacitances of
the component elements are equal, it is seen that only half
the applied voltage will appear across each element instead
of the entire voltage as in the parallel connected bimorphs.

When used as a generator, as in pick-ups or micro-
phones, the series connexion gives twice the output of the
paralle] connexion, although the source impedance is, of
course, quadrupled and the corresponding circuit elements
(load, resistances, etc.) must be likewise increased. It there-
fore follows that a given applied voltage will produce only
half the motion in a series connected bimorph as would
be produced in a parallel connected bimorph, using the
same circuit element. It is common practice to use
parallel elements in telephone receivers or microphones and
pick-ups feeding into relatively low impedance circuits, and
series elements for hearing-aid microphones and. other

TENDENCY OF
FLEXING AT SECTION i-

!

FLEXED TORQUE BIMORPH .

Fig. 7. Derivation of ** Torque Bimorph »

units feeding directly into grid circuits of vacuum tube

amplifiers. In the case of wide range microphones, where
the signal-to-noise ratio is important, the parallel con-
nexions are invariably used because the small size of the-
elements results in a very low capacitance per unit plate,
usually of the order of 10-30pF and if, say, four plates
are used, the final series capacitance would be 2.5-7.5pF
against 40-120pF for the parallel combination.

Equivalent Circuit Data

One of the most useful concepts in modern engineering
practice is the equivalent electro-mechanical circuit, in
which mechanical elements can be shown as their equiva-
lent electrical ones, and standard electrical circuit theory
may then be applied to the solution of mechanical prob-
lems. This method can be applied with advantage to the
solution of piezo-electric transducer problems.

The equivalent circuit is made up in exactly the same

. TABLE 1
CORRESPONDING  UNITS C.G.S.' SYSTEM

ELECTRICAL MECII-IANICAL AC(;)USTIC ‘ ‘

Quantity Unit Symbol |  Quantity |  Unit Symbol |  Quantity |  Unit | Symbel
Voltage Volts X 108 E Force Dynes P Pressure Dynes/sq.cm Pa
Charge | Coulomb/10 Q Displacement |. Cm x Volume cu.cm. X

_ Displacement
Current Amperes/10 I Velocity Cm/sec. v Volume current cu. cm. Ua
Resistance | Ohms x 10°. R Friction Mech.ohms | rm Resistance Acoustic ohms | R,
Inductance Henrys X 10° L Mass Grams m Inertance Mass/(area)? M
Capacitance Farads x 10* C | Compliance | - Cm/dyne Cm Capacitance | cu. cm. Ca
135 ELECTR_ONIC ENGINEERING
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manner as the familiar electrical circuit diagrams of radio
and electrical components with mechanical elements shown
as their electrical analogue. The electrical and mechanical
parts of the circuit are connected together by an -ideal
transducer. The ideal transducer performs in exactly the
same manner as an electrical transformer except that it
transforms electrical into mechanical energy with no loss,
and vice versa. It also transforms electrical impedance into
mechanical impedance, and vice versa, and the ratio of
these impedances is the square of the “turns ” ratio of the
transducer. The “turns” ratio has no physical reality and
is defined as the ratio of output voltage to input force, or
vice versa.

As stated above, the electrical elements of the circuit
are . given their usual symbols, and Table 1 gives the
- corresponding mechanical and acoustical quantities; thus
mass IS equivalent to inductance, compliance to capaci-
tance, friction to resistance, etc. Fig. 8 shows the repre-
sentative piezo-electric transducer, comprising the electrical
capacitance, Ce the transducer, with a *“step-up” ratio
of N:1 the mass and compliance of the element shown as

L

N:| Ic.
MECH. TI C % E ELECT

Fig. 8. Equivalent circuit of crystal transdmcer

the inductance M; and the capacitance Cm, together with
two mechanical terminals to which the mechanical load
(or drive) is connected. The correctness of this equivalent
circuit has been experimentally verified and is a very good
approximation of the actual elements up to about the first
resonant frequency of the system. ;

It will be appreciated that in crystal devices, which have
various independent piezo-electric and elastic constants,
these will be coupled and the system will oscillate at a
number of different frequencies. For the majority of

SUPPORTS
Cy -
MOUNTING

=

CRYSTAL

NEEDLE
. SCREW

COUPLING

N:I e
T °T%T ?

Mechanical and electrical constants of general purpose
gramophone pick-up

Fig. 9.

transducer problems, however, the system is operated
either below or at the first resonant frequency and the
fabrication of the crystal elements is usually arranged to
attenuate the effect of the other resonances as-much as
possible. Referring back to Fig. 8, and remembering that
it is useful to think of force as equivalent to voltage,
velocity to current, and displacement to charge, intuition
indicates that if the mechanical terminals are open cir-
cuited, the velocity at these terminals will be zero and
this will correspond to the driving point of the transducer
being rigidly clamped. In the same way, if the mechanical
terminals in the equivalent circuit are short circuited,
this will correspond to a condition of no restraint at the
driving point of the transducer and consequently the velo-
city will be at maximum. In practice, the operating con-
ditions of the transducer are somewhere between these two
extremes and the mechanical load connected across the
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output of the transducer will be a network of more or
less complexity such as a mass in series with a compliance
in parallel with a resistance, etc. For the purpose of cir-
cuit analysis, the transducer element may be removed and
either the mechanical or electrical constants multiplied by
N? (or 1/N? and referred to the other side of the trans-
former. Supposing, for the sake of argument, that the
transformer ratio is unity and the mechanical terminals
are short-circuited, referring to the electrical terminals it
will be seen that the element behaves as a resonant circuit
with a frequency of maximum impedance and a frequency
of minimum impedance, the following deductions may be
made : —

1. The parallel resonance of M and Cm will
appear on the electrical side as a high impedance.
This frequency corresponds to the electrical anti-
resonance frequency of the actual piezo-electric
transducer. Thus a load across the electrical
terminals will affect the resonant frequency of the
system because of the high electro-mechanical
coupling factor. '

2. At some frequency below this anti-resonant
frequency, the inductive component of M and
Cm will series resonate with the electrical capa-
citance Ce. This frequency corresponds to the
electrical resonant frequency of the piezo-electric
crystal. Any mechanical loading connected to the
crystal which will alter the effective mass and
compliance will alter the two resonant frequencies
indicated above.  Looking into the mechanical
terminals of the transducer, similar deductions
may be obtained.

The ratio N:1 of the ideal transducer expresses the ratio
in which the conversion is made from mechanica] to elec-
trical constants, and is usually expressed in units of voltage
over units of force, or alternatively, in units of displace-
ment over units of charge. Providing that no electrical
load is connected’ across the electrical terminals to the
transducer, the frequency of resonances is determined
solely by the mechanical constants, and for this reason

SUPPORT MOUNTING
C2 crysTAL [ ]
L3 Ca l_l ‘
C4q4 g
SAPPHIRE STYLUS
L G b
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Fig. 16. Mechanical and electricnl‘ constants of high fidelity gramophone

pick-up

where crystals are used for the precise control frequency,
it is important that the electrical loading should be as
small as possible: and that the ancillary mechanical ele-
ments connected to the transducer should be invariable
and placed at the points of minimum motion. '

Pick-ups

The development of the equivalent circuit of Fig. 8 in
the design of various systems is indicated below. In order
to avoid unnecessary complication certain simplifications
will be introduced. ~ For example, each component part of
the system will usually possess mass, compliance and resis-
tance, but where possible only the predominant component
will be used. In stating the electrical equivalent circuits,
the intention is not to obtain an extremely accurate esti-
mate of the device’s performances, but to get some idea
of the variation of response with frequency, the number
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and location of resonances and the overall efficacy of the
system. Again, the effect of resistance is usually to affect
the amplitude of the resonances and it is therefore omitted,
but the engineer can usually form a good idea of where
and how resistance should be inserted.

Fig. 9 shows the mechanical layout of a simple type of
gramophone pick-up and its electro-mechanical equivalent
circuit.  The stylus is rigidly connected to the needle
chuck and thence by some compliant member to the crystal.
Additionally, the bearings and mountings will also have
an effective mass and compliance and it is the aim of the
engineer to choose these values so that their natural fre-
quency is well above the frequency range of the pick-up.
Under these circumstances, they will always then behave
as pure compliances within the designed range of the
instrument.

A rather more complicated type of pick-up is illustrated
in Fig, 10. Here, the stylus is connected through a long
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Pa c c3 é z

| E
Z
G Il TT
Cq
Fig. 11. Simple diaphragm operated pressure microphone

thin member to the crystal; the purpose of this coupling
unit is to isolate the two resonances as much as possible
and also to decrease the needle tip impedance while still
using a fairly stiff crystal. This system is much in use
in America at present for micro-groove reproducers, and
while having the advantage of good tracking with very
low needle pressure, it has the disadvantage of an uneven
frequency response caused by resonances within the fre-
quency band. These resonances must be reduced by the
application of damping material to the stylus and the
crystal,

In the two above illustrations, a perfect tone arm has
been assumed, but in a practical case, the tone arm will be
represented as a mass in parallel with the effective system
compliance. At low frequencies, the impedance of L1, L2,
and L3 is so small that it can be neglected. and the various
compliances are then effectively in parallel and resonate
with the tone arm mass. At medium and high frequencies,
the tone arm is sufficiently high to be neglected, although
in a badly designed tone arm where torsional resonance
occurs, this can be represented as an additional circuit
across the main tone arm mass.

Tn modern high fidelity pick-ups, the mass of the needle
chuck and coupling is much too great, and the losses of
the system shown in Fig. 10 result in a very inefficient
pick-up. To extend the frequency range and improve the
efficiency, it is necessary to obtain a better power match
between the needle tip and the crystal. One such system
is to suspend the whole crystal in a viscous gel. This has
the effect of making the crystal mass, L3, and its com-
pliance, C3, together with the compliance of the mount-
ing C4, approximate to a smoothly loaded mechanical
transmission line. If sufficient viscous damping is intro-
duced into the compliances (represented as a conductance
across C4) the crvstal system will become aperiodic and
no resonances will be apparent in the upper register. The
parallel resonances of the tone arm mass and the compoli-
ance will not be completely eradicated, although the effect
will be considerably reduced.

Microphones

The treatment of microphones is exactly the same. and
the simplest form of diaphragm-operated crystal micro-
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phone is shown in Fig. 11. It is seen that this consists cf
a simple single resonant circuit. Fig. 12 shows the effect
of drilling a hole in the case in order that the mass of
air, L2, will resonate with the acoustic capacitance, C2,
behind the diaphragm. These resonances are usually
arranged to occur at the low frequency end of the spec-
trum, causing a sharp reduction in response at frequencies
lower than the resonance. This case will be immediately
seen to be analogous to the reflex type of loud speaker
cabinet.

If some acoustically resistive material (say fine silk
fabric, rigidly supported) is placed in front of the dia-
phragm, this would have the effect of adding resistance
to the circuit, and if correctly applied can reduce the high
frequency resonance from, say 20db to 2 or 3db. It
can be shown from the basic case that where tight
coupling exists (between the needle and the crystal in the
case of a pick-up, or the diaphragm and the crystal in the
case of a microphone) there is only one resonance. In the
case where the crystal and driving member are not rigidly
connected, they are usually capacitively coupled and the
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Fig. 12. As Fig. 11 but with cavity resonance I, C;
system will show two resonances, the frequency of these
resonances being influenced by the coefficient of coupling
between the crystal and its driving force.

In all the above cases, the diaphragm is assumed to be
a simple mass compliance system moving as a piston. On
small type hearing-aid microphones, this assumption is
correct below the lowest resonant frequency of the dia-
phragm and the cavity behind it. At higher frequencies,
the diaphragm must be represented by a number of
coupled mass compliance systems and the correct inter-
pretation becomes very difficult.
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Telephone receiver on real ear

Fig. 13.

As a final example, Fig. 13 shows a crystal telephone
receiver. Here, not only is the receiver assembly more
complicated than in the case of a microphone, but the
acoustic impedance that it works into is considerably more
complex. The question of successfully representing the
acoustic impedance of the human ear will be dealt with
later.

(To be continued)
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A New Colour-coded Wiring System

By N. G. Partridge *

The study and maintenance of complex electronic equipinent is dependent on the ease with

which the wiring can be identified and traced.

It is usually necessary to split the equipment into several chussis, each of which perforins

a particular circuit function.

The separate chassis may, or may nol, be mounted in the same rack

or cabinet and cableforms will be used to link separare chassis, racks and bays.
This article describes a new and improved method of coding which reduces errors and is

applicable to a very wide range of equipment.

THE necessity for splitting a large equipment into
separate units results in inter-connexions which are
necessarily complex and it has not, in the past, been easy
to indicate these connexions in a clear manner. Fault find-
ing requires a detailed knowledge of the internal wiring
of each chassis and of the routeing of external wires. In
order to be familiar with an equipment it is necessary to
know the final destination of each wire leaving a chassis
and this information is usually supplied in a handbook
associated with the equipment. If a fault develops in a
cable-form joining two chassis, it is usually difficult to
locate the trouble with the existing cable schedule systems
since they do not normally describe the routeing of the
cable, but only its end connexions.

The existing method of coding wires in cable-forms
usually bears no relationship to the circuit function per-
formed by each wire. It merely serves to identify “ the
other end ” of a wire in a cableform provided its destina-
tion, i.e., the chassis to which it goes, is known. Thus,
an engineer, having discovered a disconnexion in a circuit
for which, say, a red and white wire is used in the cable-
form, must endeavour to find a similarly marked wire at
the other end of cableform. 1f the cableform branches
into many arms. each of which passes to a separate chassis,
it becomes a difficult matter to locate the correct chassis
since a red and white wire may appear in other arms of
the cableform. If the wire is difficult to trace, then the
cableform lacing must be undone.

There is also the added complication of ““ special cable-
forms’, i.e., cableforms made to suit a particular applica-
tion and containing wires of different types. For example,
co-axial, rubber covered and braided leads may be
employed, each particular type of cable having its in-
dividual maker’s identification markings and probably
having to be used more than once in a single cableform
or cableform arm.

The existing method of coding the individual leads in-
side the chassis is also subject to criticism especially in the
case of a chassis whose circuit involves a large number of
valves and other components. It is usually necessary to
start from a known point, e.g., on a valve holder it is often
necessary to count the pins. beginning with pin No. 1,
before a particular lead can be identified. Coding of the
leads is sometimes generalized to specify the functions,
e.g.. Red for H.T. leads and Black for earth leads. etc.
This system is unsatisfactory in operation, for the follow-
ing reasons:

(a) The number of functions to be indicated in complex
apoaratus is very large and an adequate number of
colour combinations does not exist. On the other
hand. a simplified system is liable to cause confusion.

(b) Detailed examination of the wiring of a chassis
requires a schedule of all the connexions in order
to avoid duplication or omission of a wire and
generalized coding does not permit such a schedule
to be made.

m E.M.I. Engincering Development T id.
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(c) In production, the specified colours are occasionally
out of stock, or not available from the suppliers.
Alternative colours are essential for continuity of
production and the use of these alternatives in-
creases the confusion.

Any system which is designed to overcome these diffi-
culties should (a) permit the identification of the wiring
to follow a standard procedure. (b) be adaptable to the
most complex equipment and (c) be capable of accom-
modating circuit changes brought about by design modi-
fication without interference with the remaining circuit
coding.

The New System

The new coding method is based upon the consecutive
numbering of all the items involved, whether wires, cables.
chassis, drawers, cabinets, or bays, together with the use
of the International Colour Code system to enable the
allotted number to be carried by the item in the form of
coloured bands or labels.

This procedure enables each wire associated with the
equipment to be precisely and quickly identified. It
provides a quick and easy method of wire tracing, even
if the main diagrams appropriate to the equipment have
been lost or destroyed. The scheme, although comprehen-
sive, is simple in application and capable of adaptation
to various types of equipment.

As an illustration, the application of the colour coding
principle and the preparation of schedules will be described
in more detailed terms.

APPLICATION OF COLOUR CODING
The International Colour Code and the numbers corres-
ponding to a given colour are given below:

Black 0 Green 5
Brown | Blue 6
Red 2 Violet 7
Orange 3 Grey 8
Yellow 4 White 9

When the colour code is applied to resistors, for
example, the third colour band indicates the number of
noughts following the first two digits. This is convenient
when applied to resistors since the number of colours is
reduced to a maximum of three, though it does not permit
a consecutive number series beyond “100”.

THe CoDING OF WIRES

For the identification of wires and cables each digit
in a number group is important and the colour code is
therefore used in the following manner. Each colour
represents a digit and is read directly, for example, the
number “21” is shown as a red band followed by a
brown band, i.e.. two colours only. The number “216”
is shown as a red band, a brown band and a blue band,
i.e., a total of three colours. Thus, four colour bands.
green, blue, black and orange define the number * 5603 ™.

The method of applying the code to a single wire is
as follows:

The colour bands are read starting from the solder
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joint or free end of the wire and the wire is similarly
coded at cach end.

It is considered that there will be no confusion between
the colour bands and the colour ol the actual wire. but
possible objections can be obviated in any one of three
ways :

(a) The wire covering can be neutrally coloured wherc

the colour bands will be placed.

CABLEFORM No 22 (RED-RED)

CABLEFORM No45 (YELLOW — GREEN)

No 52

in the International Colour Code, that colour is omitted
from the scheme. Thus, if the equipment is blue, the
individual chassis and racks are numbered I, 2, 3, 4, 5,
7. etc. Black (0) is not normally used for coding either
chassis or racks, unless there are ten or more racks or
chassis in any one rack.

Rack CABLEFORMS
Some of the cableforms in a rack may not leave the

5 2
C%E%

| /

WIRE No52  ( GREEN-RED)
o)
4 5\ ~
2 /G‘ .
WIRE No 450 (YELLOW- GREEN - BLACK)

CABLEFORM No 45
COLOUR CODED ON EACH ARM

 No 25

No 542

VALVE HOLDER WITH EIGHT COLOUR-~CODED LEADS

No 4

Examples of colour coded wires and cableforms

(b) A body colour which is not used in the International
Colour Code can be employed.

(c¢) Colour combinations involving the colour of the
wire covering can be avoided by omitting certain
numbers, e.g., all numbers containing “ 97 might
be omitted.

THE CODING OF CABLEFORMS
The method of applying the code to a cableform is as
follows:

In addition to the colour of each wire, the cable
form has its own colour code. In general, not more
than two colours are required, since this number

Each arm of a
the coding is

permits the provision of 99 cableforms.
cableform should be similarly coded and
read from the free end of the cableform.

CopING OF CHASSIS AND RACKS

Each chassis has a colour code to identify its position
in the cabinet or rack. There are usually two colours, of
which the first indicates the rack in which it resides, and
the second indicates its position in the rack, numbered
from the top downwards.

Each rack also has its own colour code, but if the whole
equipment is finished in a colour which is normally used
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rack since they may be required only to join the chassis
located in the same rack. At least one cableform must,
however, leave the rack. i

Cableforms can be made to carry various types ol
circuits but in a complex system it is convenient and
desirable to group the separate functions into individual
cableforms, e.g. one cableform may carry only power
circuits, another may carry only co-axial circuits, and
so on.

PREPARATION OF SCHEDULES

As soon as a method of positive identification of each
wire in an equipment has been adopted, it becomes
possible to prepare schedules which group the wires in
a logical manner. These schedules then supplement the
information contained in the circuit diagrams and, with
the latter. enable rapid servicing of complex apparatus
to be carried out.

If it is necessary to modify the wiring of an equipment
in such a way as to add wires, additional numbers are
allotted and the functions and locations are entered on
the appropriate schedule. Certain groups of numbers
can, of course, be reserved for future modifications when
the code numbers are originally allotted to the individual
chassis,
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Visual Presentation
of
Binary Numbers

By E. H. Lenaerts

SEVERAL electronic digital computors have recently
been built, or are still being built throughout the
country. In most cases it has been found convenient to
design the machine to handle numbers in the binary
system, since binary numbers can be conveniently repre-
sented in electronic circuits either by a train of pulses (a
pulse representing “1” and no pulse “0”) or by the con-
dition of a valve (conducting or not conducting). The
conversion of numbers from the decimal to binary form
and the reverse operation is made part of the Input or
Output process.

Most machines print the results of computations at the
will of the programmer by means of some electro-
mechanical device such as a teleprinter, although some
users read the results directly from a cathode ray oscillo-
scope in binary form. In all cases, however, during the
construction and maintenance of such a machine it is
necessary to be able to examine the binary numbers while
they are still in its store or in its other registers. If the
numbers are represented by repeated trains of pulses, they
may be inspected on an oscilloscope.

The mercury delay line used in the EDSAC? is a
typical storage system. Here numbers are stored one at
a time in registers consisting of short ultrasonic delay lines,
or, in the main store in a series of long delay lines each
capable of holding thirty two 17-digit binary numbers.
Unfortunately the standard laboratory oscilloscope with a
single or double trace cannot give a satisfactory represen-
tation of more than a few numbers at a time, so that a
device is needed which will enable all the information held
in one long delay line of this type of store to be displayed
at one time.

In the use of a raster time base the pulses representing
a number may be displayed as vertical deflexions of the
trace. Alternatively, in order that information on one
line of the raster shall not confuse that displayed on
another, the units may be represented by a pattern of

Fig. 1.

Representation of sixteen thirty-five digit numbers in Ultrasonic
Delay Line Store
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bright dots on a background of fainter dots representing
the zeros.

A better method which has been used by the writer
combines both of these forms, and results in a visual
representation of the binary numbers, which is less con-
fusing and more easily appreciated by the layman. This
is an advantage when a rather bewildering amount of
equipment is being demonstrated to people who may be
interested only in what the machine can do with numbers.

In the method to be described the pulse train to be
displayed is superimposed upon the frame deflexion of the
time base, while the brightness of the cathode ray tube
is modulated by clock pulses, which are timed to occur
in all positions where a pulse is possible, applied to its
grid. By adjusting the phase of the clock pulses one can
arrange that only the back edges of the pulses are visible,
while where there is no pulse the zero is represented by a
spot of light. Thus the number 11011101100011 which is
represented by the waveform:—

TNAUU A n AL

appears on the screen of the cathode ray tube as:—

Figure 1 is a photograph of the contents of a single
ultrasonic delay line store containing sixteen numbers each
having 35 possible digit positions displayed in this way.
Figure 2 is a photograph of the same waveform without
the brightening clock pulses (the brightness control of the
tube has been advanced to produce a picture which would
otherwise be invisible). Both signal and clock pulses used
in the machine being built are approximately one micro-
second wide with an interval of two microseconds.

There is little unusual in the circuits used to produce
such a picture. It is important that the focus should be
good over the whole face of the tube, and the time bases
should have good linearity consistent with short fly-back
time. In the circuit used, balanced deflexion in both line
and frame direction ensures good focus. Both time base
circuits are fundamentally Transitron-Miller valves (Fig. 3)
with diodes to prevent ‘ suppressor sticking.” A rapid
fly-back is achieved by introducing a cathode follower
V2 which enables C to be discharged more quickly. By
this means a fly-back time of less than three microseconds -
is achieved both in line and frame, which in the case of
the frame is a sweep/fly-back ratio of nearly 400-1.

The clock pulses are delayed rather less than a micro-
second by means of an LC delay line, to bring them to

Fig. 2.

As Fig. 1, but without beam modulation
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A simple and accurate means of measuring the individual harmon-
ics of a complex waveform. By using a heterodyne circuit with a
crystal filter, this instrument gives the high selectivity necessary
for working with modern L.F. design. Imput impedance is high
enough to allow connection across a transmission path without
disturbing the level at the point of connection. An outstanding
feature of the A201 is its compactness and portability. It weighs
only 40lbs. complete with carrying case. Also supplied for rack
mounting. Please write for details.
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WELLINGTON WAVE

MOTOR UNITS

The 'Dra)flon R.Q. is a miniature
capacitor induction type motor with a
current consumption at 230 volts 50 cycles
of 0.09 amps pf. 0.9. It is available :
R.Q.G. GE.ARLESS for running at 2700
r.p.m. cfommuously or intermittently in
either direction or continuously reversed.
R.Q.R. GEARED for continuous running
or reversing at speeds from 27 mins. per
rev. to 600 revs. per min.
R.Q.H. GEARED for high final shaft
speeds for continuous running, forward
or reverse.

) Send for List No.M302-1

i a Coils with diameters of } in. up to 3 in. and with any
o ., Clugy, width between % in. and | in. may be wound either close
THE RQR / : Rey 05, b by or spaced, with a wave form of £, 1, 4, |, 2 or 3 waves per
; turn of coil.
Many refinements are embodied, previously obtainable
only on elaborate machines.

NEVILLE’S vereoony LTD.
A Subsidiary of Aeronautical & General Instruments Ltd.
PURLEY WAY, CROYDON, ENGLAN D_

Cables :
Instradio, Croyden.

Phone :
Thernton Heath 3211

Drayton Regulator & Instrument Co. Ltd., West Drayton, Mdx. «+ W. Drayton 261l

!

The First published | design
for B.B.C. F.M. Reception

A
HOME BUILT

FREQUENCY MODULATED
| RECEIVER

By K. R. STURLEY, Ph.D., M.LE.E.

Contains full details and wiring diagrams for the construction of a frequency-modulated !
receiver for reception of the B.B.C's new high-fidelity F.M. transmitter at Wrotham (Kent).
Included in the booklet is a design for a suitable aerial system and a simple modulated

" test oscillator for alignment of the LF. stages.
Price 4/6d.

Post Free 4/9d.

Obtainable from :—

ELECTRONIC ENGINEERING
28 ESSEX STREET, STRAND, LONDON, W.C.2.
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THE * J.B. " SERVICE
5 MAYPLACE RD., WEST..  BEXLEYHEATH.
OFFER

SIGNAL GENERATOR. NAVY MODEL. TYPE LADD.
Frequency coverage 2700-2900Mc/s. Power supply 115 v.
50-800 cpfs. This instrument consists of a micro-wave cavity
oscillator using a 466B lighthouse tube and is internally pulse
modulated. Brand New, with instruction manual,

MODULATOR UNIT, BCI203-A. Power supply 105-120 v.
60 cp/s This instrument produces various types of puise
modulation, made for general use with Signal Generator GR804.
Brand new, with instruction manual and Diode heads. *

SLOTTED LINE TEST EQUIPMENT. TYPE TS/56A/AP.
Primarily intended to facilitate installation and matching of
Radar antenaes. Frequency range 360-675 Mc/s. Characteristic
impedence 51 ohms. Contains a fine 3}” Westinghouse 0-100 -
micreameter. Brand new in robust metal carrying case with
handbook of instruction.

Full lists of Equipment available sent on request.

Your specific enquiries are invited.

KENT

PYROBIT

Soldering Irons

are built to
last.

Try one and
you will
never do
without.
Ask for
leaflet,

TAPE RECORDERS IN STOCK £20 EACH.
A.C. MAINS POWER PACKS 500 VOLTS £3 EACH.
STANDARD RACKS l0/- EACH.

Tape Recorder Amplifiers £10, £15 and £18.

Type 38 Walky Talky transceivers 45/-. ATP 4 valves 5/6d.

6-valve AC/DC De Luxe Amplifiers, Mu Metal outpurt transformer,
listed 45gns. three at £18.

|5 watt 6L6 Amplifier £10. 7 watt miniature 85/-.

10” Cabinet speakers, GEC 35/-. GI12 walnut floor cabinet £15,
4'6” Mahogany baffle on castors £

Ecko 8-valve All Wave motor turned table consoles 18gns. H P.
terms £3 down. X

Push Pull 15/20 watt output transformers 9/-.

Potted Chokes 50 m/a 7/6., 100 m/a 9/6., 75 m/a 6/-.

Powerful amplifiers and Receivers, instruments, circuits, HP

terms. lllustrated leaflets. Radiograms Modernised.
AUTOSPARES _
180 HIGH STREET, TOOTING, LONDON, S.W.I7.

BALham 5596

" DIELECTRIC TRIMMER

Technical
Excellence

combines with beauty andge
soundness of DESIGN in the

OXLEY

DIFFERENTIAL AIR

“ Width: 16.5 m/m Length: 25 s/
Height:

1.5 te 8pF—8 mym
1.8 te 20pF—-‘c-0 m/m
2 Yo 26pF—11°5 m/m
2 to 32pF—12'5 mjw
Law: Btraight line capacity
Power Factor: Less than 00t
Incuintion: Over 2,000 megohin«
Voltage: 500 D.C,

OXLEY DEVELOPMENTS CO.,

LTD.,

ERSTON, N. LANCS. TEL. ULVERSTON 3306

MAGNETIC

LARGEST STOCK IN
GREAT BRITAIN OF RELAYS,
KEY SWITCHES AND
UNISELECTORS

& Government Contractors
RELAYS P.O. 3000 -~ 600 - HIGH SPEED

Also 230v, A.C, 50cy.
ALL NEW EX-MINISTRY GOODS

JACK DAVIS (Relays) LTD. pEpr. EE.
36 PERCY STREET, LONDON,

MUSeum 7960 LANgham 4821

Phones :

'RELAYS

W.1,

A MINIATURE MAGNETIC

LIGHTWEIGHT EARPHONE

Developed primarily for hearing
aid use, the Amplivox E3 ear-
phone is adaptable to many
purposes where a  highly
sensitive, lightweight receiver
of small size is needed.
Available in D.C resistances
2-2000 ohms ; frequency 100-
4000 c.p.s.; diameter .8357,
depth .420” ; weight 4 oz.

aMPLIVOX D

2 Bentinck Street, London,

ELECTRONIC ENGINEERING
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HAVE YOU HAD YOUR COPY OF
“ENGINEERING OPPORTUNITIES”?

Whatever your age or experience—you must read this highly
informative gulde to the best paid engineering posts. The hand-
book contains particulars of A.M.I. , Al M
AM.LM.L, AM.Brit.LR.E., and other i important Engineering
Exammauons. and outlines home—-sludy courses in all branches
of Civil, Mechanical, Electrical, Automobile, Radio and
. Aeronautical Engmeenng, Government Employment.
Draughtsmanship, Building and Plastics, Matricula tion,
etc, We Guarantee ‘‘ NO PASS —NO FEE'
If you are earning less than £12 a week you cannot afford to
miss reading “Engineering Opportunities”. [t tells you
everything you want to know to secure your future,  Write for
this enlightening guide to well paid posts NOW—FREE and
without cbligation.

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY

337a Shakespeare Hse., 17/18 Stratford Place, London WIBET

TIOUS ENGINEERS

Wire-wound and Composition
types. Single, Ganged, Tandem
Units. Characteristics : linear,
log., semi - log., non - inductive.
etc. Full details on request.

RELIANCE

AMAAAAAAAAA
RELIANCE MNFG., CO. (SOUTHWARK), LTD.,

SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, E.I7.
Telephone : Larkswood 3245
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VALVE
BRITISK MADE

HIVAC LTD
GREENHILL CRESGENT, HARROW-ON-THE-HILL, NIDDK.

Telephone : HARrow 2655

CESSORIES -
DONOVAN ACCESSOR!!

HE ELECT .
ﬁ};;ﬁfllf MANUFACT URER!

Made in

AL BLOCKS.

TYPE J.96 TERMIN A o sizes.

{5, 30 and 6

Type C30PUSH-BUTTON

UNIT arranged for mounting

on customers’ own cover
plate.

THE DONOVAN ELECTRICAL CO. LTD.
Safuse Works - Stechford -

Type A.ll A.C. POWER
RELAY - 4-pole with N.O.
or N.C. contacts.

Birmingham 9

APRIL 1951

THE

BRITISH NATIONAL

RADIO SCHOOL

1940

ESTD.

Now in our eleventh year and still—

NO B.N.R.S. STUDENT
HAS EVER FAILED

to pass his examination(s) after completing our appropriate
study course. Nothing succeeds like SUCCESS and what
we have done already for so many of your colleagues, we
can do again for YOU.

All our courses are conducted by correspondence, on
INDIVIDUAL lines and our Syllabus includes preparation
for the following examinations : A.M.Brit..R.E.; City
and  Guilds, Radio, Telecommunications, Mathematics and
P.M.G. (theory only). Other courses include what we believe
to be the finest RADAR course available anywhere,

Free Booklet and specimen lessons (please mention this
advt.) from

STUDIES DIRECTOR
BRITISH NATIONAL RADIO SCHOOL

66 ADDISCOMBE ROAD, CROYDON

Phone Addiscombe 334/

43
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| ...wherever and in whatever
shape rubber or synthetic
compound of rubber is re-
quired, “ DAINITE ” will do
the job well.

Dainite

MOULDED RUBBER COMPONENTS

THE HARBORO’ RUBEBER CO. LTD,,
MARKET HARBOROUGH.

ELECTRONIC ENGINEERING




B.P.L. TEST SETS

NOW AVAILABLE

AT NET PRICES

B.P.L. UNIVERSAL TEST SET

£5-18 -6

B.P.L. SUPER RANGER 1,0000/v.
£13-10-0

B.P.L. SUPER RANGER 20,0000/v.
£15-10-0 |

Prices include postage and packing,
and are applicable tojHome Market
only.

Send your order direct to i
British Physical Laboratories

HOUSEBOAT WORKS, RADLETT, HERTS.
Tel.: Radlett 5674-5-6

NQLLLD2202220 220 I2L2 0L Il
N N
N N
A

N T N
R SOLUS R
X X
N N
N ELECTRONIC TUBES |y
Rl ' N
N Makers of N
N

N X-Ray tubes and valves and

N\ .

N High Vacuum apparatus

K]

]

N -

N| If you use or need Valves made to
N your design, High Vacuum appar-
N atus, Specialised glassware or Metal
N to glass seals, we can help you.

N Please communicate with

N SOLUS ELECTRON[C TUBES LTD.
N 58 High Road Bushey Hecath Herts

LYWl I AL

Q) Tel. Bushey Heath 2183.

N Al
N Nl
N N
777777727272 2227 P 2l P22 PN

<mnn[ > COMPOUND FILLED

TRANSFORMERS X CHOKES

for
UTMOST

RELIABILITY

Woden Compound Filled transform-
ers have been developed for use
in exacting industrial and climatic
conditions and have the following
features :—

@ Complete moisture-proof filling compound

@ Universol fixing for obove or below chossis wiring
@ Constont fixing centres and overall size
[ ]

Occupy minimum space ond ensure cleon
and compact layout

Send for latest catalogue

WUDEN TRANSFORMER GO, LTD.,

MOXLEY ROAD, BILSTON, STAFFS.

J.T.L.

ELECTRONIC ENGINEERING
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AMPLIFIER CHASSIS & COVERS

Size A Chassis in 18 gauge steel 177 x 12" X
23" fitted with base plate having
rubber feet and cover in 20 gauge
steel with radiused top corners giving
7" clearance above chassis ; louvred
back and front, complete with two

Chromium plated handles ... . £3 5 0
Size B Chassis 17”7 x 10” X 23” as above, W|th

one chromium plated handle ... . £2 17 6
Size C Chassis 14”7 x 8”7 X 24" as above, W|th

one chromium plated handle ... .. £2 12 6

Standard finishes :
Enamel.

Subject to availability of supplies.
Carriage : Paid on orders over £2.

Black, Grey or Brown Wrinkle

Illustrated Lists and Trade Terms on Application.

REOSOUND ENGINEERING &

ELECTRICAL COMPANY

“ REOSOUND WORKS,” COLESHILL ROAD,
SUTTON COLDFIELD

Tel. Grams.
SUT. 4685. REOSOUND, SUTTON COLDFIELD

APRIL 1951




RECTANGULAR INSTRUMENTS BY

These three rectangular instruments are designed

on symmetrical lines, thus giving a distinctive clear

- open scale and pleasing appearance. - Each size

available in all standard ranges. The Series 65 and
35 can be fitted with dial illumination.

=M1 =

g

Series 65 Series 35 Series io

MEASURING INSTRUMENTS (PULLIN) LTD.
Electrin Works, Winchester St., Acton, London, W.3, Telephone ACOrn 4651|3 & 4995

Y

TELGON

at the
1851

EXHIBITION

Inside the transept of the Crystal Palace, L
showing the “ Sibthorp” elms. ! ." S

S X =
e ) S

: Telcon’s founder, The Gutta Percha Company, exhibited at the Crystal Palace
LGUN PLAS“GS 12 in Hyde Park and was awarded one of the coveted Council Medals of the
TE . Exhibition. In 1850 it had made the first submarine telegraph cable to be laid

N between England and France, the centenary of which was celebrated last year.
T E |. 0 0 From such adventurous beginnings has grown the present Telcon organisation,

L s the activities of which now cover a wide field in engineering and industry at home
m E T A and overseas. Again, in 1951, the Festival of Britain Exhibition includes some

examples of the outstanding Telcon developments of the present century.

. THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD E“’\N
Head Office: 22 Old Broad Street, London, E.C.2. Tel.: LONdon Wall 7104
Enquiries to: Telcon Works, Greenwich, S.E.10. Tel.: GREenwich 329

TELCON CABLES
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“COLVERN E HIGH ACCURACY
PRECISION POTENTIOMETERS

For Electronic Computing, Radar, Communica-
tions and Laboratory apparatus.—|ncorporating
the unique COLVERN CAM-CORRECTION
DEVICE—the finest and most accurate potentio-
meters in the world.

A guaranteed law accuracy of better than
4+ 0.19, is maintained in all standard
COLVERN CAM-CORRECTED
POTENTIOMETERS, whilst in the type
CLR. 910! illustrated the law tolerance can '
be held as low as 0.04%, and even lower TYPE CLR. 9101
dependent on resistance value. . BRIEF

SPECIFICATION :—

See our Stand No. 51 at R.E.C.M.F. Exhibi-
tion at Grosvenor House on April 10, 11, 12.

There is a ‘‘ COLVERN "’ Potentiometer to suit - Rating .. 10 watts
every circuit an Electronic Engineer is likely to :
devise.—Write for illustrated brochures to .— presiTanceRya|TES OCONIPISEI008 K
Law accuracy ... -+ 0.049,
COLVERN LIMITED woucs o wemcenspinae
MAWNEYS ROAD and track) ... 1000 V D.C.
ROMFORD ¢ ESSEX Effective angle of resistance ... 315° plus 0.25°—0°
Telephone : ROMFORD 8881/2/3 Angle of spindle. rotation ... 360°

gerving W o

The need for reliable Radio communication is
being met throughout the world by Redifon
equipment for many civil, commercial, marine
and aeronautical services. The G.4l, iilustrated,
is a typical example of a 5-73 KW Transmitter
for world wide, high speed Telegraphy, Tele-
printer, Telephony and Broadcast purposes.

Redifon

o G.41 Transmitter with = _
a Io doors removed to show controls. ’
Radio Communications Division

REDIFON LIMITED, BROOMHILL ROAD, WANDSWORTH, S.W.I8

DESIGNERS & MANUFACTURERS OF -RADIO COMMUNICATION & INDUSTRIAL ELECTRONIC EQUIPMENT.  Phone: VANdyke 7281

-
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A PERFECT exhausting COMBINATION

~ for the Eleetrical & Elecetronie Industries

Ny WVAC
LA
U St
D“:,Um’s

To meet the many and varied
 demands of the electrical and
electronic industries Edwards
standard Rotary and Diffusion
Pumps, available in all sizes, can

Also available

vacuum gauges . . .

standard and special be supplied separately or as com-
bined units assembled to suit
plant. specific requirements.

I e DL S'E-26 30 YEARS VACUUM EXPERIENCE

Telephone : SYDenham 7026 {8 lines) Telegroms : Edcohivac, Souphone, London.

— ALL-POWER ——
CONSTANT VOLTAGE LABORATORY SUPPLIES

We can supply Standard, Semi-standard and Special Power Supply Units
to meet any requirements. These Units provide an exceptionally
constant and stable power source for use in Meter Calibration and
Standardizing Laboratories, and for accurate Research work of all types.

MODEL 102-A

OUTPUT - - 220-320 VOLTS, 0-250mA.
STABILIZATION RATIO- - - > 20,000.
INTERNAL RESISTANCE - < 0.05 OHM.
OUTPUT RIPPLE - - - - :xpImV.RMS.

ALL-POWER TRANSFORMERS LTD.

CHERTSEY ROAD, BYFLEET, SURREY.

TEL. BYFLEET 3224, 3225.
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In the measurement of smali circuit voltages,
the Valve Millivoltmeler with its electronic
bridge is so designed that zero, once set, remains
stable.  Further, the instrument is ideally sensi-
tive and, over the ranges 0-15 mV, 0-500 mV, and
2000 mV can be used at a.f, down 1o 50 ¢/s or r.f.
up to 100 Mc/s. The detachable probe allows short
connecting leads to be employed at the higher frequencies.
Mains operated, light and compact, the Valve Millivoltmeter.
type TF 899, satisfies both field and taboratory requirements and,
with plug-in headphones. will function as a signal tracer for the detection
ol amplitude modulation,

Valve Millivoltmeter type TF899
MARCONI INSTRUMENTS LTD S

19 The Parade, Leamington Spa.
ST. ALBANS - HERTS - Telephone: St. Albans 6161/7 IETALLI (o (I B e GBI BTC (il

d Tocgile Swilch

of Superlative Perfgrmance

\
Suitable for Pan-climatic conditions \

Type—Double Pole on-off.

Rating—10 amp, 230 Volts AC
or DC.

Conforming toR.C.S.1000

Generous  safety margin—
Engineers will be specially in-
terested in these features.

Switches have remained service-
able after tests.

20,000 operations, 120 per min.
—20amps, 220 volts DC per pole.

20,000 operations, 60 per min.—
I5 amps, 220 volts AC per pole.

NTON

PAINTON & CO. LTD.  KINGSTHORPE. NORTHAMPTON
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' PHASE MEASURING
} EQUIPMENT

Type RX 103

This equipment, which is based upon a Post Office
design, is primarily intended for the measurement of
the phase-shift and gain of the s B characteristics of
feedback repeaters, over the frequency range of 5o kcfs
to 20 Mc/s. It is also suitable for similar measurements
on amplifiers, filters, equalisers and other four-terminal

networks.

AIRMEC LABORATORIES LTD

HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND
TEL. HIGH WYCOMBE 2000 CABLES AIRMEC HIOH WYCOMBE

AL {al&

Backed by 50 years manufacturing experience Connollys
range of winding wires are unsurpassed for quality.
Whether the insulation
consists of Enamel, Cotton,
Silk or Rayon, strict tech-
nical control over every
stage of manufacture—plus
the priceless fund of ex-
perience—ensures uni-

formity of qqality of the
highest degree.

W “\“\‘\\\- s

\
1 ~\\\“\‘ > W
LW ot \
\

Send for free leaflets
describing these products
CONYMEL

FOR ALL TYPES OF
WINDING WIRES

CONNOLLYS (BLACKLEY) LTD.
MANCHESTER 9 CHEetham Hill 180!

London Office : 34 Norfolk Street, London, W.C.2 TEMple Bar 5506

Birmingham Office : 19 Bent Avenue, Quinton, Birmingham, 32. wWOOdgate 2212

APRIL
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Mullard GENERAL PURPOSE
* 0SCILLOGRAPH TYPE Esos

: his Cathode Ray Oscillograph is for general purposes. But it
incorporates many features not normally found in such

. instruments. i .
It covers a very wide range of frequency, including the whole =
frequency spectrum used in television. And it’s equally well suited

. for research work, production testing or transmission monitoring.
i Many of Industry’s high frequency problems can be solved with
. this oscillograph’s aid — particularly those problems of motor-car
ignition, flash-over on insulators, discharge at high voltages, etc.

3} cathode ray tube with 1,250 volt final anode potential.  ~ The Mullard Cathode Ray )

Beam modulation. External blanking of beam for timing Oscillograph, type E.805. Dimensions:

purposes and eliminating retrace. Height 14”; Width 9”5 Length 15%".
' Beam suppression prevents ‘‘ fogging >’ of film when camera Please wrztefo.r detailed information.

shutter is open. SPECIFICATION

Single stroke operation for non-recurrent phenomena or Amplifier. Gain 1,400 or §mV rms/cm
: s .

phoFographic rccordjng. ] Frequency range 2 ¢/fs-2 mc/s. 3 dB loss.
Calibrated step-type input attenuator with' coarse and fine

! Attenuator. Stepped 5-10-20-35 mV cm?
ad)us\tmcnt. Multiplier x1, XI0, X100 X I000.
Maximum input 250 V. rms.
) Time Base. 5 c/s-150 Kc/s in 10 steps
Mullard Electronic Products Ltd., Century House, o with continubus variation between steps.

Shaftesbury Avenue, London, W.C.2. Telephone : Gerrard 7777

MI35§

—r

Stand ot the S5th S . S
Y7 %Y MPERIAL COLLEGE
Sukibition) . Bpril 6th to 11th, 1951

LABORATORIES LTD.

et

BOREHAM WOOD, HERTS. ELStree 3940

P S AT T i i S A I R s 72 TN,
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TYPE CP.20A
AMPLIFIER

For AC Mains and 12 volt working giving |5 watts

. “output, has switch change-over from AC to DC and
“* Standby ** positions. Consumes only 5% dmperes from 12
volt battery. Fitted with mu-metal shielded microphone
transformer for 15;ohm microphone, provision for crystal or
moving iron pick-upywith tone control for bass and top.
Outputs for 7.5 and |5 ohms. Complete in steel case with
valves. - - - - - - - - - PRICE £28

OTHER MODELS IN OUR RANGE OF AMPLIFIERS

“ SUPER-FIFTY WATT ™ - - - PRICE 36} gns.

“THIRTY WATT"” - - - - - 30} gns.

“10-15 WATT RECORD REPRODUCER "’ - :
: PRICE 25} gns.

These are fitted in well ventilated steel cases with |
recessed controls, as illustrated.

EXPORT ENQUIRIES INVITED

' | VORTEXION LIMITED
257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19
Telephone: LIB 2814 and 6242-3 ~ Telegrams: * Vortexion Wimble, London.”

i
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ALWAYS “FIT”

Type ASlides as above supplied inl5§”, 17§, 217, 23§, 25}” and 27}" lengths. Heavy type A Slides supplied inlengths
234”7, 284", 32" and 37”.  Type A series case strips may be drilled and countersunk or provided with ears or lugs.

Twoarm Type B Slides supplied in233” lengths down to 9” lengths. 13 gauge Heavy Type B Slides in lengthsupto30”.

We also su pp'ly heavy duty castors up to 30 tons capacity each,
including twin pneumatic wheeled types up to 40” diameter.

; OVER 6000 TYPES AVAILABLE
Ask for Brochure.

Engineers, Patentees and Sole Manufacturers ) ;
AUTOSET (PRODUCTION) LTD., Dept. O, Stour St., Birmingham I18.
Phone : EDG 1143/4.  Est. 1919.
B.IF. Stand No. D.426, Castle Bromwich.
Please mention ‘‘[Electronic Engineering."”’

UNITED INSULATOR CO. LTD. OAKCROFT RD. WORTH - SURBITON - SURREY
TELEPHONE: ELMBRIDGE 5241 CABLES: CALANEL, SURBITON
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the AL power you require [ ERRENES
from your DC.supply RN

Grosvenor House, Park Lane, London, W.|

\ | April 10—12 STAND 100

| | MUREX LTD.
D-C-/A-C- CONVERTER - o
.. Models for Electric Gramophones Srom £8, plus 10% W|” be ShOW| n g

Models for ® Radio-Grams and Auto-:
: change Radio-Grams

e e e | | TANTALUM

® Televisions, etc.;

from £10 . 15s. plus 109, 5
Input 6, 12, 24, 32, 50, 110 or 200/250 V D.C. ° r°d’ Sheet, Wi I'e

Qutput 230 V 50 or 60 ¢/s
| Descriptive literature E.E. 1. from the manufacturers :—

Gy " FORTESS RoAD, LoNooN, wws and fabricated parts, also
Telephone : GULliver 5165
DUCTILE

Overseas Enquiries to nearest E.M.I. Organisation Depot.

metal in various forms

\qy Yoltade 9
M‘t!eﬁ\\\at‘m problens:

DU pUWH' c"ts "psat | In addition the exhibit will include

a further MUREX development

your F I'o d ue t 1 on ? Sintered Composite Magnets

" A Variac infinitely variable voltage for use in movin g coi ! an d
regulating transformer will probably ' other instruments.
solve your problem. Write for 32 page
Catalogue V549 which gives full details * * 2 S

of the Variac transformers and their

MUREX LIMITED (Powder Metollurgy Division)
RAINHAM, ESSEX Telephone: Rainham, Essex 240
GLAUDE LYONS LTD LONDON SALES OFFICE: :

CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I.
180 Tottenham Court Road, London, W.1, Te/: MUSeun 5025/6 Telephone : EUSton 8265

manifold applications.

and 76 Oldhall Street, Liverpool 3, Lancs.

A}
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CASTLE #8% ENGINEERING

Theseplugsandsockcts COMPANY (NOTTINGHAM) LIMITED
are designed for use with either solid or " HASLAM STREET+ CASTLE BOULEVARD - NOTTINGHAM
airspaced dielectric cables. The patented Tetephone? Nottingham 46068 (lines) Telegrams : Capstar Notlhghom
method of connecting the plug to the metal :
braiding of the cable ensures positive con-
tact and grip without soldering. The
centre conductor of the cable passes
through the hollow centre pin for easy
soldering. = The thermosetting plastic
insulating material between the plug body
and pin remains unaffected by heat from
soldering. The socket with two-hole
mounting flange incorporates a °click®
action retaifing spring which prevents the
plug from loosening through vibration.
Both plug and socket bodies are of Nickel-
plated brass, and the contact  pins are
Silver-plated brass.

BRIEF SPECIFICATION

These Plugs and Sockets are manufactured
to an R.E.C.M.F. Specification, and the
minimum performance figures after testing

Quanlity producuon of small automatically made pieces in

to RIC/II Yellow Specxﬁcauon INCLUDING Steatite, Porcelain, and Rulile materials for electric cooking
TROPICAL EXPOSURE TEST, are i— ° and heating equi and tel ion ap
Capacity, (Plug and Socket -
together) ... wee 5 pF max,
Contact Resistance (Outer
Contacts) ... 10 milliohms max,
Contact Resistance (Pln Con-
tacts) .- .. ... 10 milliohms max.
Leakage Resnstance «. 10 Megohms min.
Steady withdrawal force . 6/161b. -

PAT. NO. 637613

NTIFERENC

LIMITED

GEO BRAY & CO. LTD., Leicester Place, Leeds 2

 ANTIFERENCE LIMITED, 67 BRYANSTON STREET, MARBLE ARCH, LONDON, W.I. " Tel.: 2098]/8 Gm,ms “Bray, Leedi 2"

Telephone : PADdington 7253 P.B.X.
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i " the value of

| dag LU

| /
As specialists to the Elec- : .

tronic Industey, may we to the electronic engineer
have the opportunity to
quote you on your pressing
cequirements. We have a
special  department  for
cnamel] finishing to, order.

W1 LI/'..IAM PEARCE The filme Formod possoss +
' ////WW / ) LTD. g Good electrical
g and thermal conductivity and radiation.

QRMOND STREET, BIRMINGHAM, 19 ' Inertness to EM radiation and electron

(bombardmem. :

Because of their unusual properties ‘dag’ dispersions
- of colloidal graphite are constantly finding new

applications in the electronics industry.

Opacity, Diamagnetism, Chemical inertness.

Applied by brush, spray or dip, they may be used as —
Electrodes in Cathode Ray Tubes, Geiger couhters,

) radiation meters.

Conducting coatiags for bleeding off static.
Screens on T.V. cabinets to suppress
E.H.T. radiation.

Resistors—printed and conventional types.

F POST THIS COUPON TO-DAY *

| 1
| T0: ACHESON COLLOIDS LIMITED I
I 18, PALL MALL, LONDON, S.W.1 I
: Please send me additional information on the above or other l
i applications for * dag * in the fisld of elsctronics. :
CAST OR Y || I
FORGED | ~AME I
; : ¥ : o | |
- LATEST TYPE | AbDRESS |
g rF MAGNETIC : :
” o

s MATERIALS
atwata® : ncnvno@’ ]
I Dy18 DISPERSTON: :

,.
I
I
I
1
I
|
I
I
[
]
1
|
I‘4
i
|
I
|
|
|
I
I
L

DARWINS LTD

TINSLEY SHEFFIELD 9
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WIDE RANGE NAGARD TYPE 103 OSCILLOSCOPE

6" C.R.T.

CALIBRATED
OSCILLOGRAMS

The illuminated graticule
and single shot camera
attachment  gives  clear
records and  accurate
measurements.

% Augot
l, Tive Bast
TYPE 103) CaLisasren

» 0 C.ANPLIPIER rrec lOB/2
ATCT .

B W FREGURNCY AKD TiNE e § T

EXTOUAL STCA, e

STABLE TRACES
The exceptional synchron-
ising properties of the Time
Base, and stability of the
D.C. Amplifiers aids meas-
urement and photography.

ey
FAEQUENS
¥

NAGARD

S LT
245, BRIXTON ROAD,

Phone : BRixton 3550

LONDON, S.W.9.

Grams : Intertel, Claproad, London.

CALIBRATED IN TIME,
FREQUENCY AND VOLTAGES

TIME BASE RANGES

Calibrated sweep velocities from 2 in. per
sec. to 2 in. per u sec. Triggered or con-
tinuously running.

D.C. AMPLIFIERS

Voltage calibrated and fully stable
Response, Maximum Gain and Sensitivity
0-20 Kjes.  0-2 Mc/s  0-10 Mc/s
100,000 20,000 300

0.12mV/inch 0.60mV/inch 40mV/inch

Phase to frequency ratio constant. Perfect
square wave definition within the limita-
tions of each frequency range.

These are available as self contained units
with power. supply and stabiliser for use
apart from the oscilloscope.

SEE TRULY
what you measure !

ELECTRONIC

INDUSTRIES
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T

“ ..:l]H ' ‘ill'

Your first move... “~

FOR BETTER INSULATION

s Bullesrs

Q.Q :. ‘P
nl

1‘”

| Makers of Low Loss Ceramics
Made in Three Principal Materials —

" FREQUELEX

An insulating material of Low
Dielectric Loss, for Coil

" Formers, Aerial Insulators,

- BULLERS LIMITED, 6 Laurence

Mansion House 9971 (3 lines)

e

:-" Valve Holders, etc.

Phone :

' PERMALEX

A High Permittivity Material.
For the construction of Con-
densers of the smallest possible
dimensions. '

Pountney

Telegrams:

TEMPLEX
A Condenser material of medium
permirtivity. For the construc-

tion of Condensers having a

constant cépacity at all
temperatures .
Hill, London,hE Cc.4.

*Bullers, Cannon, London’'.. = . -

APRIL
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The “Belling-Lee” page

i -550" 843" 437"
2143|1111 [M/u
M/m

[ 13:97 ~

| 203" | Mim |
. 5:16
M/m ke §

{ M
I‘ - -593" Lir
5 1508 —, . 7.94 CRS
M/M T M/m

S
.093" ~ =
“CORD GRIP TO SUIT
5 M
ek TWIN FEEDER L 336.
L733/P

OTHER NEW LINES AT
THE R.E.CM.F. STAND No.I2

Heavy Duty Windscreen Wiper
Suppressor L740

Coaxial . Padder Box L725/P &.

L725/T

** Screenector ”’ Cover Complete
Regd.

with chain attachment L625/C

Unitors. Miniature inter-unit
connectors
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TWIN FEEDER PLUG L733/P
This new inexpensive ** Belling-Lee "’ plug list No.
L.733/P is specifically designed for unscreened
balanced twin feeder as used with television or short
wave reception. ) i
It fits the appropriate chassis mounting socket
L.733/S or skirting board outlet L.739.

The twin feeder (* Belling-Lee ” L. 336) is loaded
simply by pinching the wires in the spills provided,
the ingeniously designed black polythene moulding =
then folds into shape, where it is held together by
means of the two moulded ball-headed studs.

1-250"
31:75M/m

TO SUIT 807

OHM TWIN :
FEEDER L336. FLETH

TWIN FEEDER OUTLET BOX L739

Designed for use with L..733/P and as a skirting board
termination for unscreened balanced twin aerial feeder.
This outlet box will be found suitable for many purposes
i.e., amateur short wave aerial installations; loudspeaker
and earphone extensions, etc. :

L. 733/S forms the outlet socket and a cable clamp is
incorporated. Leéads may be looped in.

| ==-----»AUTOMATIC POLAR DIAGRAM PLOTTER

ATso 6n view.is a very interesting working exhibit"of an
automatic polar diagram plotter.. This apparatus was
developed by ‘“ Belling-Lee " to speed up the development of
television receiving aerials. ’

This apparatus is based upon a modification of the well known Servograph

developed and manufuctured by Fieldon (Lllectronics) Ltd., Wythenshawe,
riear Manchester. . L
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This group from our range of “ FLEXILANT >’ general-
purpose light, and instrument, mountings is backed by
the good service manufacturers expect from us.

We investigate all mounting problems. May we investi-
gate yours ?

TYPE No. 10. Bonded Rubber Bobbins
for Mountings and Coup-
lings for use in compression
and shear.

TYPE No. 38. Light instrument mounting.
TYPE No. 67. Tumbler Switch Seals.

RUBBER BONDERS LIMITED

IN ASSOCTATION WITH EMPIRE RUBBER COMPANY

{ PROPRIETORS H.G.MILES LTD.)

 DUNSTABLE, BEDS.
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High
stability
quartz
crystals

for frequency measurement and control

CUT from only the finest raw quartz, Standard high grade

crystal units are obtainable to accuracies better than 50

cycles in one megacycle. Artificially aged, gold plated and

suspended in vacuo, these crystals greatly reduce drift
5faﬂda[‘d QUARTZ CRYSTALS under working conditions. They will maintain this high
degree of accuracy under conditions of severe vibration and
sharp changes in climatic conditions such as are encountered
in mobile communication equipment.

Srandard Telephones and Cables Limired

Registered Gffice: Connaught House, Aldwych, London, W.C.2

TELEPHONE LINE DIVISION North Woolwich, London, E.I6 * ALBert Dock 1401
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A GREAT NAME

is a stake in thefuture

Marconi research made radio possible. From Enthusiasm, paiience and unshakeable faith
the experiments of Guglielmo Marconi in 1895 activate the research workers of Marconi.
the whole of the world’s network of wireless The present and the past are their books of
communication and electronic vision has sprung. reference ; in their work they write the volume
Many have followed Marconi, and after 50 of the future in wirelesé, and all that wireless
years Marconi leads still. 1" means.

| d - N J
- Marcon:
THE FIR.ST AND GREATEST NAME IN WIRELESS

MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - MAkCONl HOUSE - CHELMSFORD - ESSEX

At the request of many of our constructor

By re q u eSt friends, we give here full details of the

famous range of Stentorian chassis.

N I Speech ' Prices

Flux coil Handling
Cone Density Pole Gap Flux Total Impedance | Capacity With Wi ithout
Type dia. (Gauss) ’ dia. length face flux | (ohms) (watts) Trans. . Trans.
*S.2.57 24" 7,000 3757 | .033” .093” 5,285 3 .3 — 15 6
*5.3.57. 33 7,000 .625” .035” 1257 11,500 3 2 —_ 16 6
S.507 5 7,000 . I 75 .040” 1257 14,000 3 25 | 1 50 17 6
*5.610 6" 10,000 ] 75 .040” 125 20,000 3 3 | 1 8 6 I 1 0
. 8707 7 7,000 1” .043” .187” 27,650 | 3 3.5 110 6 | ]
S.810 8” 10,000 ” .043” 1877 39,500 3 5 113 6 1 4 0
S.912 9” 12,000 7 .043” .187” 47,400 3 7 19 0 19 6
- S.1012 107 © 12,000 1” .043” .187” 47,400 3 10 21011 0 117 6
S.12135 | 127 13,500 |. .57 .050” 25 106,000 | 15 15 8 8 0 770
S.1814 18” 14,000 2,57 .0625” 3127 227,000 | 12 30 — 24 0 0
Further details of these speakers and * All chassis material is of Mazak 3 except
of the famous Concentric-Duplex models T A i SRR G

Drawn Steel.
gladly sent on request.

- SR LOUDSPEAKER
op ¢ .

&ﬂ]b/’dﬂ CHASSIS

WHITELEY ELECTRICAL RADIO CO. LTD. MA'NS>F|EL-D : NOTTS..

APRIL 1951 25 : ELECTRONIC ENGINEERING



MEETINGS THIS

INSTITUTION OF ELECTRICAL
ENGINEERS

Unless otherwise stated, all London meetings are
held at the In_smutlon of Electrical Engineers,
Savoy Place, London, W.C.2, at ,5 30 p.m.
Measurements Section

Date: April 3.

Lecture: An Electronic Process-Controller.

By: J. R. Boundy, B.Sc., and S. A. Bergen,
M.B.E.

Date: April 17.

Discussion: Humidity Measurement and Control.

Opened by: L. Hartshorn, D.Sc., and Professor
H. S. Gregory, Ph.D.

Radio Section

Date: April 11.

Lecture: A V.H.F. Field-Strength Survey on
90Mc/s.
By: H. L. Kirke, C.B.E., R. A. Rowden,
B.Sc.(Eng.), and G. 1. Ross.
Lecture: The Propagation of Metre Radio Waves
beyond the Normal Horizon—Part 1: Some
Theoretical Considerations, with  particular

reference to Propagation over Land.

By: J. A. Saxton, Ph.D., B.Sc.

Lecture: The Propagauon of Metre Radio waves
beyond the Normal Horizon—Part II. Experi-
mental Investigations at Frequencies of 90 and
45Mc/s.

. By: J. A. Saxton, Ph.D., B.Sc., G. W. Luscombe,
B.Sc., and G. H. Bazzard, B.Sc.

Date: Apnl 20

Lecture: The Automatic Monitoring of Broadcast
Programmes.

By: H. B. Rantzen, B.Sc.(Eng.), F. A. Peachey,
and C. Gunn-Russell, A

Date: April 23.

Discussion: The Trend of Design of Television
Receivers.

Opened by: A. J. Biggs, Ph.D., B.Sc.

District Meetings

Date: April 2. Time: 7.30 p

Held at: The New Inn, Sandling Road Maidstone.

Lecture: Fifty Years’ Development in Telephone
and Telegraph Transmission in Relation to the
Work of Oliver Heaviside

By: W. G. Radley, C.B.E,, PhD(Eng)

North- Enslem Centre
Date: April 24. Time: 7 p.m.
Held at: The City Hall, Newcastle-on-Tync

Lecture: Faraday Lecture on Lamps and Lighting.

—A Record of Industrial Research.
By: L. ). Davies, M.A., B.Sc.

North-Western Centre

Date: Aprii 10. Time: 6.15 p.m.

Held at: The Engineers’ Club, Albert Square,
Manchester.

Lecture: The London-Birmingham
Radio-Relay Link.

By: R. J. Clayton, M.A.. D. C. Espley, O.B.E.,
D.Eng., W S. Griffiths and J. M. C
Pinkham, M.A.

North-Western Radio Group

Date: April 4. Time: 6.30 p.m,

Held at: The Engineers' Club, Albert Square,
Manchester.

Discussion: Electronic Computors.

Opened by: Professor F. C. Williams,
D.Sc., Phi

Television

O.BE,

Northern Ireland Centre
Date: April 10. Time: 6.45 p.m.
Held at: Queen’s University, Belfast.
Lecture: Modulation.
Ry: T. P. Allen, M.Sc.

Scottish Centre
Date: April 27.
Held at: Central Halls, Edinburgh.
Lecture: Faraday Lecture on Lamps and Light-
mg—A Record of Indusmal Research.

By: L. J. Davies, M.A.,
Sonth Mldlnnd Centre
Date: April 2. Time:

Held at: James Watt Memonal lnsmute, Great
Charles Street, Birmingham.

Lecture: The Determination of Time and Fre-
quency. ]

By: H. M. Smith, B,Sc.

Date: April 3. Time: 7 p.m.

Held at: The Winter Gardens, Malvern,

Discussion: The Trend of Design of Television
Receivers.

Opened by: A. J. Biggs, Ph.D., B.Sc.

Joint Meeting with South Midland Radio Group.

ELECTRONIC ENGINEERING

‘Lecture Secretary:

SECRETARIES OF ASSOCIATIONS

INSTITUTION OF
ELECTRICAL ENGINEERS
The Secretary, Institution of Electrical

Engineers, Savoy Place, W.C.2.
Cambridge Radio Grouop
G. E. Middleton, M.A. University En-
gineering Laboratory, Cambridge.
North-Eastern Radio and Measurements
Group
G. A. Kysh (Asst. Sec.), Carliol House,
Newcastle-on-Tyne, 1.
North-Western Radio Group

A. L. Green (Asst. Sec.), 244 Brantingham
Read, Chorlton-cum-Hardy, Man-
chester, 21.

South Midiand Radio Group

W._ H Brent. B.Sc.. Regional Director’s
Office, Midlands Region (G.P.O. ), Civic
rHiwuse, uicat Charies Street, Birming-
ham,

BRITISH INSTITUTION OF
RADIO ENGINEERS
The General Secretary, 9 Bedford Square,
London, C.1.
West Midlands Section

R. A. Lampitt, A.M.Brit.LR.E., 20
Northfield Grovc Merry Hill, Wolver-
hampton.

INC. RADIO SOCIETY OF
GREAT BRITAIN

General Secretary, New Ruskin House,
Little Russell Street, W.C.1.

BRITISH SOUND RECORDING
ASSOCIATION

Richard W. Lowden, ‘* Wayford,”
Napoleon Avenue, Farnborough, Hants.

TELEVISION SOCIETY
T. M. Lance, 180
Bromley Road, Beckenham, Kent.
Engineering Group
G. T. Clack, 10 Tantallon Road, Balham,
London, S.W.12.

RADAR ASSOCIATION

The Secretary, 83 Portland Place, Lon-
don, 1L

INSTITUTION OF POST
OFFICE ELECTRICAL
ENGINEERS
W. H. Fox, A(_IMIEE.. Engineer-in-

Chief's Office P. Branch), Alder
House, E.C.].

INSTITUTION OF ELEC-
TRONICS

Lecture Sec.: W. Summer, 31 Beech
Road, Bournville, Birmingham, 30,
North-West Branch

W. Birtwistle, 17 Blackwater Street,
Rochdale, Lancs.

SOCIETY OF RELAY
ENGINEERS

T. H. Hall, M.BritI.R.E,,
Place,

23 Dalkeith
Keltermg, Northants.

SOCIETY OF INSTRUMENT

TECHNOLOGY g
L. B. Lambert, 55 Tudor Gardens, |
London, W3 |
160
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Southern Centre
Date: April 4, Time: 6.30 p
Held at: The Technical College Weymouth
Leclure Crystal Diodes.
: R. W. Douglas, B.Sc.,
Lecture: Crystal Triodes.
By: T. R. Scott, D.F.C., B.Sc.

BRITISH SOUND RECORDING
ASSOCIATION
Date: April 20. Time: 7 p.m
He}l? at: Institution of Electrical Engmcers Savoy
ace,
Lecture: The D(.Slgn of Magnetic and Dynamic

Pick-Ups.
By: H. J. Leak, M.Brit.I.R.E.

RADIO SOCIETY OF GREAT

. BRITAIN

Date: April 27. Time: 6.30 p

Held at: Institution of Electrical Engmeexs Savoy
Place, W.C.2.

Lecture: Low Power Portable Equipment.

By: A. O. Milne.

SOCIETY OF RELAY ENGINEERS
Date: April 24. Time: 2.30 p
Held at: The Gaumont British Large Thealre, Film
House, Wardour Street, London, W.I.
Lecture: The Savage Automatic Monitoring
System, including the Telemonitor for Fault Sig-
nallmg Remote Listening, Programme Restora-
tion and Telephone Facilities.
By: P. Taylor.

INSTITUTION OF POST OFFICE
ELECTRICAL ENGINEERS
Date: April 18. Time: 5§ p.m.
Held at: The Conference Room,
Waterloo Bridge House, S.E.l.
Lecture: Training for Management.
By: D. G. Dafforn, B.Sc., A M.I.LE.E.
SOCIETY OF INSTRUMENT
TECHNOLOGY

Date: April 24. Time: 7
He\;\c,l lat Manson House, Portland Place London,

and E. G. James, Ph.D,

4th  Floor,

Lecture: Human Control Systems.

By: Sir Frederic Bartlett.
North-West Section

Date: April 11.

Lecture: The Measurement of pH.

By: A. D. E. Lauchlan, M.A.

INSTITUTION OF ELECTRONICS
Midlands Branch
Date: April 3.

Held at: The Warwick Room, Imperial Hotel,
Temple Street, Birmingham 2.

Lecture: F.M. Measuring Equipment

By: E. D. Hart, M.A. and A. G. Wray, M A.

Southern Branch

Date: April 4. Time: 7.30 g( .

Held at: Signal School, Royal Marine Barracks,
Eastney, Portsmouth,

Lecture: . Some Applications of Infra-red Radia-

tions.
By: R. A. M. Bound, Ph.sD., B.Sc., A.lnst.P.

TELEVISION SOCIETY

Engineering Group
Date: April 12. Time: 7 p.m.
Held at: C.E.A., 164 Shaftesbury Avenue, W.C.2.
Lecture: Ferguson Television Receivers.
By: R. E. Norman,

Main Gronp
Date: April 27. Time: 7 p.
Held at: C.E.A., 164 Shaftcsbury Avenue, W.C.2.
Lecture: Time Bases.
By: J. E. Rhys-Jones.

BRITISH INSTITUTION OF RADIO
ENGINEERS
Date: April 26. Time: 6.30 p.m.
Held at: School of Hygiene and Tropical Medicine,
Keppell Street, W.C.1.
Lecture: An 8-Channel Transmitter for an Experi-
mental Carrier Wire-Broadcasting System.
By: R. G. Kitchenn, RB.Sc.(Eng.).
North Western Section
Date: April 11.
Held at: College of Technology, Manchester.
Lecture: Frequency Modulation and F.M. Measur-
ing Equipment.
Bv: E. D. Hart, M A. and A. G. Wray, M.A.
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Notes trom the Industry

An Atomic Energy School to teach

workers in industrial and medical labora-
tories how to use radioactive materials is
to be set up at the Atomic Energy Re-
search Establishment at Harwell.
" The first course, lasting six weeks,
begins on April 2, and will be in charge
of Dr. J. E. Johnston, of Harwell’s Iso-
tope Division.

The school has been set up, states the
Ministry of Supply, because the rapid
increase in the use of British radio-
isotopes has led to a widespread demand
for further education in their applications.

It will give students of graduate level
detailed instruction in the fundamental,
practical and theoretical problems
encountered, when radio-active materials
are used in the quantities employed in a
normal laboratory.

They will learn methods of handling
radio-active materials as they are received
from Harwell, and also the difference
between isotopes of various substances.
This will help to guard against the order-
ing of unsuitable substances by industrial
and medical users.

The students will be taught how to
measure radio-activity with a geiger
counter and scaler, and how to use scin-
tillation counters, ionization chambers
and photographic methods for radio-
graphy and radioautography.  The ex-
periments they will carry out will give
them ample experience of the methods
of radiochemistry.

There will be from 12 to 18 lectures in
the course, each given by a specialist
from Harwell. The syllabus will be
varied slightly to meet the needs of the
majority of students present.

Fees for the course will be £40. Labora-
tory coats, protective shoes and note-
books will be provided. The school will
be held in a building outside the security
fence at Harwell, and no special security
restrictions will be necessary.

Living accommodation at one of the
A.E.R.E. hostels for senior staff will be
available. The charge for this will be
£5 5s. 0d. per week.

Further particulars of the school are
available from Dr. J. E. Johnston, Iso-
tope Division, A.E.R.E., Harwell, Berks.

Holme Moss Television Station.—The
B.B.C. had hoped that the new television
station at Holme Moss would be opened
by the middle of 1951. However, it was
always realized that this would depend to
a large extent on the weather and on the
prompt delivery of materials and equip-
ment. Work on the 750-foot mast, which
is on a very exposed_ site over 1 700 feet
above sea level, has in fact been delayed
by the weather "and difficulties are occur-
ring in the delivery of equipment. Sub-
ject to there being no further unavoidable
delays it is hoped to start preliminary
transmissions on medium power in July.
These medium-power transmissions will
not, of course, give the full coverage
which will later be obtained on full
power, and reception will be more sus-
ceptible to interference.

-APRIL 1951

It is hoped that transmission of normal
programmes on full power will begin
towards the end of September, but this
must depend on completion dates being
fulfilled by the contractors concerned.

A Convention on Television.—The
Council of The Institution of Elec-
trical Engineers has agreed that a
Convention to be known as *“ The British
Contribution to Television” should be
held at the end of April, 1952,

This date has been chosen to give
authors ample time in which to prepare
their papers, and to avoid following too
closely on the Joint Engineering Confer-
ence (June 4-15, 1951), one session of
which will be devoted to a survey paper
on television.

The organization of the Convention is
being undertaken by the Committee of
the Radio Section, who have appointed a
Convention Sub-Committee.

It is intended that the Convention shall
consist of the reading and discussion of
a number of papers, supported by demon-
strations, together with visits of inspection
to appropriate organizations. The Con-
vention will probably last five days.

B.R.EM.A. Annual Meeting.—At the
Annual General Meeting on Friday,
February 23, Mr. P. H. Spagnoletti was
elected Chairman of the British Radio
Equipment Manufacturers’ Association in
succession to Mr. M. M. Macqueen, who
has been ill. Mr. E. K. Balcombe was
elected vice-chairman.

Council members elected were: A. J.
Balcome, Ltd.; Bush Radio, Ltd.; E. K.
Cole, Ltd.; A. C. Cossor, Ltd.; English
Electric, Ltd.; General Elecric Co., Ltd.;
Gramophone Co., Ltd.; Kolster-Brandes,
Ltd.; McMichael Radio, Ltd.; Philips
Electrical, Ltd.; Pilot Radio, Ltd., and
Ultra Electric, Ltd.

May, 1951, Brit. LR.E. Graduateship
Examination.—The next Graduateship
Examination will be held on Wednesday,
Thursday and Friday, May 16, 17 and 18,
1951, at 38 centres throughout the world.
Entries from home candidates must be
lodged with the Institution by April 1,
1951.

Arrangements“have already been made
for 234 overseas candidates at centres in
Australia, Canada, Guatemala, India,
Malaya, New Zealand, Pakistan and
South Africa.

Further details and specimen examina-
tion papers may be obtained on applica-
tion to the Secretary, 9 Bedford Square,
London, W.C.1.

Aspects in the Design and Manufacture
of Planar Grids for Triodes at U.H.F.
The author has drawn our attention
to a mistake which occurred in Equation
8 on page 96 of the March, 1951 issue.
It should read:

d.K.Y ,a. Tz + e }
Dz—DlvidJGYzaz 1t e ]
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PUBLICATIONS RECEIVED

BRITISH STANDARD FOR ELECTROPLATED
COATINGS OF NICKEL AND CHROMIUM
ON STEEL AND BRASS (B.S. 1224:1945). A
memorandum has been added to this standard sa
that manufacturers can make the best use of
nickel, which is now in very short supply. Atten-
tion is drawn to the Note on page 7, relating
the standard classifications, according to which
the minimum deposit thickness may be a_ com-
posite deposit of nickel and copper. The British
Standards Institution, 24/28 Victonia Street, S.W. L.

EDISWAN MAZDA VALVES 1949-50. This
booklet i a condensed version of the Ediswan
loose-leaf valve manual containing that part ofg
the manual which has been added between
February 1949 and February 1950. It is obiain-
able from the Radio Division, The on Swan
Electric Co. Ltd., 155 Charing Cross Road, W.C.2.

ELECTRICAL AND MUSICAL INDUSTRIES
LTD. NINETEENTH ANNUAL GENERAL
MEETING. This well produced brochure gives
an account of the nineteenth annual general mect-
ing of the Company, and includes the address
by Sir Alexander Aikman; C.I.E. Electrical and
Musical Industries, Ltd., Hayes, Middlesex.

DIESEL ENGINE STARTING BATTERIES is
the new illustrated catalogue dealing with Exide
batteries for diesel engine “starting, and can be
obtained from Chloride Batteries Ltd , of Cl.fton
Junction, near Manchester.

ANNEALING OF WHITEHEART MALLEABLE
CASTINGS: SOME ASPECTS OF THE
GASEOUS PROCESS is a booklet by Dr. F.
Schulte, of Birlec Ltd. It has been previously
printed in the Journal of Research and Develop-
ment of the British Cast Iron Research Associa-
tion. Birlec Ltd., Erdington, Birmingham 24.

MONEL, NICKEL AND INCONEL. In con-
tinuation of their policy of issuing practical
instructions for the - fabrication of high nickel

alloys, Messrs. Henry Wiggin and Co. Ltd., of
Wiggin Street, Birmingham 16, have just published
a comprehensxve handbook dealmg with the hot-
working, annealing and pickling of nickel, monel
and inconel.

LOW CURRENT TUBULAR RECTIFXERS.
This is a well illustrated and produced catalogue
describing the Sentercel low current tubular recti-
fiers manufactured by Standard Telephones and
Cables Ltd., of Connaught House, Aldwych,
London, W.C.2.

DC 200 FLUIDS is a booklet describing only the
liquid methy! silicones of the D.C. 200 range.
Several other D.C. silicone fluids are described
in detail in separate publications, Midland
Silicones Ltd., 49 Park Lane, London, W.1,

CLIX RADIO, TELEVISION -AND ELEC-
TRONIC COMPONENTS. This well produced
catalogue covers the range of Clix components
from radio plugs to pin protectors for valves,
and is profusely illustrated. The material is
presented clearly, and copies of the catalogue
will be available at the R.E.C.M.F. Exhibition
from the stand of British Mechanical Productions
Ltd., 21 Bruton Street, London, W.1.

TELEVISION FEEDER CABLE. Folder 474,
published by W. T. Henley’s Telegraph Works
Co. Ltd., 95 Aldwych, W.C.2, describes their
television feeder.. cables. In addition it gives
some brief notes on choosing the most suitable
type of cable for local and fringe areas.

VACUUM is a new journal reviewing develop-
ments in vacuum research and engineering. The
articles, news and practical columns, together with
the international literature abslracls which are
classified and printed for detached ﬁlmg, provide
information for scientists and industrialists on this
subject. The Editor is H. L. J. Burgess, and the
journal is published by W. Edwards & Co.
(London) Ltd.,, Worsley Bridge Road, Lower
Sydenham, London, S.E.26, to whom further
enquiries should be addresscd

CORRECTION—RADIO MATERIALS CATA-
LOGUE. This catalogue, mentioned in last
month’s column, was originally published in April,
1950, and Messrs. B.I. Callender’'s Cables Ltd.
now inform us that it is out of print.
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BOOK REVIEWS (Continued)

ception rather than the rule, and the
book does form an excellent text for the
study of “ Basic Television.” If the
treatment is not deep it is intelligible,
usually accurate, and extensive. The
beginner cannot fail to benefit from read-
ing this book, a remark which your re-
viewer would hesitate to make about
some less worthy texts, but he will see
the subject solely through the eyes of an
American.

EMLYN JONES

Testing Radio Sets

By J. H. Reymer. 215 pages. Chapman and Hall
Ltd. 5th (revised) Editiom. 1950. Price 22s. &d.
HOW easy would be the book re-
viewer’s lot if all books he en-
countered had the finished polish of one
by J. H. Reyner! In this case, of course,
it is made doubly easy because the
volume itself is sufficiently well known to
need no introduction to the majority.

The author says: ‘I have therefore en-
deavoured to present the fundamental
prmcxples of set testing, including a cer-
tain amount of design information to
assist the reader’s understanding and so
help him in the exercise of deductive
reasoning, which is the basis of
servicing.”

So if your business or pleasure is radio
servicing and you prefer the use of
deductive reasoning to the good-swift-
kick method of fault clearmg, this book
is for you.

Electromagnetic Fields: Theory and
Applications. Volume I—Mapping
of Fields

By Ernst Weber. 590 pps. 1st Edition.
man and Hall Ltd., 1950. Price 80s.
THIS book by the Professor of Elec-

trical Engineering at Brooklyn Poly-
tecchnic Institute, deals primarily with
electrostatic and magnetostatic fields, but
many of the results may be readily
applied to other types of potential field.
The most important chapters are those
devoted to the analytical solutions of
two and three dimensional field problems
and comprehensive accounts of the
various available methods are given. The
claim on the dust cover that the coverage
of conformal mapping is equalled by no
other book is certainly justified. The
emphasis in the chapter on three dimen-
sional solutions is on the separation of
Laplace’s equation in orthogonal co-
ordinates.

Although the book is mostly devoted
to theory there is a chapter on experi-
mental methods for investigating field
patterns and this includes a useful sec-
tion on the electrolytic tank, which is
now being used in several fields. Despite
the large number of analytic solutions
available there are still only "too fre-
quently problems which can only be
solved by numerical methods: a- chapter
on these deals both with graphical
methods for obtaining an approximate
picture of the distribution and with more

Chap-
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elaborate methods such as the relaxation
technique.

The professed object of this book is to
provide a comprehensive treatise suit-
able for study by a graduate class. The
author has succeeded in his aim, but has
included much material which is already
freely available elsewhere. In particular
the bulk of the material in the chapter
on the fields of simple geometries should
already be familiar to the class of reader
for which the book is intended.

This is definitely not a book for some-
one approaching the subject for the first
time but will be a valuable reference
work for the research worker. It 1s
supplied not only with an extensive
bibliography but with innumerable foot-
note references to original papers. It is
well illustrated with sketches of the field
patterns discussed.

J. BROWN

Radar Simply Explained

By R. W. Hallows. 190 pp. 2nd Edition.
man and Hall Ltd., 1950. Price 10s. 6d.
HE second edition of Major Hallow’s
book “ Radar Simply Explained ” in-
corporates some applications of radar
which have come off the secret list since
the first edition was published.

Details are given of the method of
measuring range with a high degree of
accuracy, and the application of radar to
navigation. Three chapters have been
largely re-written and illustrations of the
latest radar equipment are shown.

The ‘success of this book is evident in
the fact that it has been translated into
German, Czech, Danish, Norwegian,
French and Polish.

TV Installation Techniques

By Samuel L. Marshall. 330 pages. Jobm F.
Rider, Publisher, Inc. 1950. Price $3.60.
THIS most comprehensive work covers
the field indicated by its title right
from “The Nature of Television” to
Chapter 414 of the City Code Ordinance
of Greensboro, North .Carolina, in the
municipal building codes section. Un-
fortunately most of the material is of

Chap-

. interest only to American readers, as the

systems and techniques described have
little in common with those in use in
this country. i

Many clear diagrams and photographs
are included, those showing the effect on
the test picture of incorrect positioning
of controls being especially helpful.

After reading this book the mystery of
“large circle” television receivers is a
mystery no longer. Apparently the sets
are maladjusted to give an aspect ratio
of 1:1, and the fact that the test circle
and the picture generally become elon-
gated is thought not to be terribly
important!

The Quarterly Journal of Mechanics
and Applied Mathematics

Volvme 3, Part 1 (March, 1950). Oxford Univer-
sity Press. Price 125. 6d.

IF a uniform circular disk is placed
perpendicular to a varying magnetic
field, currents are induced in it whose
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distribution over the disk can be found.
In this issue, Mr. Ashour solves this prob-
lem and applies the results to find the

“currents induced in a large area of sea

water. This is of interest when sorting
out the origins of the variations of the
earth’s magnetic field. The conductance
is very low and the results are not neces-
sarily valid for a disk of much greater
conductance. He finds that the current
oscillates with the frequency of the ap-
plied field (once per day!) and its ampli-
tude is almost proportional to the distance
from the centre. The phase is approxi-
mately the same everywhere, and is in
advance of the field by 70°. A further
problem considered is the decay of

- currents when the excitation is removed.

Also of some general interest in this
journal are two papers on the evaporation
of lakes by wind.

G. J. KyncH.

The Quarterly Journal of Mechanics
and Applied Mathematics

Volame 3, Parts 2 and 3.
1950.) Oxftord University Press.
each.

(June and September,
Price 12s. 6d.

) I HAVE mentioned previously that this

journal contains mainly papers on
hydrodynamics and elastic problems. A
discussion of these is not of great interest
to many readers of electronics but it may
be of general interest to indicate the pur-
pose of many papers which have recently
appeared.

It is well known that saturation prob-
lems ip electrical circuits and machines
arc difficult to handle mathematically.
The reason is that the equations for the
current or flux are then of the non-linear
type, which are far more difficult to solve
than linear ones. Exactly the same diffi-
culties arise in the hydrodynamical
theory of supersonic flow. For the flow
past the almost flat surface of aeroplane
wings, however, the overall flow is only
altered slightly by the surface, and the
non-linear cquatlons can be replaced by
linear equations as a first approximation.
The results obtained this way agree very
well with more exact calculations when,
these are available. Often the point at
which the approximations break down
can be estimated. .

Such an advantage has to be pressed
home in every conceivable way, and the
papers under discussion have been doing
this not only by solving particular prob-
lems using this method, but by producing
as many general theorems as possible.

G. J. KyNcH.

Television Receiving Equipment

By W. T. Cocking. 375 pp. 284 diagrams. 3rd
Edition. IUiffe and Somns Ltd., 1950. Price 18s.

HE third edition of this book has been
L brought up to date by its author, and
is a useful guide to modern British prac-
tice in television engineerng.

The text is largely non-mathematical in
treatment, but mathematical matter of
particular value to the designer has been
collated and appears in appendices.

Apart from the thorough and clear
description of each stage of the normal
television receiver, details of special cir-
cuits are included, and there are addi-
tional chapters devoted to faults and their
remedies and to servicing modern sets.
Another chapter of interest discusses the
problem of obtaining selectivity.
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cation are considered quite clearly in these
two chapters.

Chapter six, on installation, subdivides-

into: determination of acoustic power
required; practical details of installation
of various items of equipment, micro-
phone, amplifiers, loudspeakers and
wiring. Several typical installations are
described in detail to illustrate ‘require-
ments in auditoria, restaurants, night
clubs, churches and outdoors. Considera-
tion is also given to features desirable
in a mobile system. This chapter goes
as far as possible by reading only toward
giving a novice the benefit of extensive
experience.

Chapter seven, on servicing, details the
equipment required by an engineer, how
to localize a fault and to effect the neces-
sary repairs with a minimum interrup-
tion of service, according to the type of
fault. A number of oscillograph wave-
forms are given to illustrate the output
waveform produced by various faults, but
it is felt that the utility of the informa-
tion given could be increased by a little
more explanation showing how the results
of different tests can te used to- avoid
ambiguity in diagnosis and deduce the
exact fault without loss of time. While
treated generally, this could be more
closely linked with the practical wave-
forms shown.

The book presents a comprehensive
survey of most of the facts pertinent to
the installation and servicing of public
address equipment in a form that is
definitely more helpful to the engineer
engaged on this type of work than
previous publications on the subject.

N. H. CROWHURST

Basic Television
By Bernard Grob. 596 pages.
1949. Price 55s. 6d.

HIS book is described as a “ compré-

McGraw-Hill,

hensive course in television receivers-

and transmitters for radio servicemen
and technicians and is designed to bridge
the gap between engineering texts and
simplified books.”" Arithmetic and simple
algebra are the only mathematics needed.
It is the first volume of a recently in-
augurated McGraw - Hill * Television

Series,” and its author is an instructor at

R.C.A. Institutes Inc.

There are 25 chapters and 3 appen-
dices. The. first 7 chapters deal with
various aspects of the television system
as a whole. Then chapters 8 to 22
describe the operation of the receiver
itself, taking it section by section and
explaining the action of each circuit, in-
cluding aerials and servicing. Chapter
23 is on television broadcasting, chapter
24 on colour television, and chapter 25
on light. The book is profusely illus-
trated—there must be about an illustra-
tton per page—and the circuits given are
drawn from current receiver practice.

Mr. Grob’s style is careful and un-
ambiguous. He obviously is an ex-
perienced teacher. With the mathe-
matical limitations he has set himself it
is quite impossible to deal fully with his
circuits, yet there are surprisingly few
misleading or obscure statements in the
book; on the contrary the treatment is in
genera] admirably clear. One notable
exception is his treatment of p.c. restora-
tion which is exceedingly laboured.
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. only be done

In scope the book is very wide; it deals
with almost every possible topic, and
many which might be classed as general
communication  engineering  training.
Thus we have a whole chapter on the
principles of frequency modulation, and
another covering elementary optics.
Every chapter is followed by a list of
questions, and the three appendices cover

. the F.C.C. * Standards of good engineer-

ing practice,” classification of T.V.
stations, and a table of frequency alloca-
tions from 25 to’ 30,000Mc/s.

The wideness of scope has to te paid
for by a shallowness of treatment in the
case of the more difficult parts of the
subject. As an example we read on
p- 333 “The vertical output transformer
matches the impedance of the vertical

deflection coils to the impedance of the

6K6GT.” While no-one could say this
statement is wrong, it gives no- clue to
the special problems and niceties of
design involved in the choice of ratio,
and choice of inductance.

Of course, for the purpose of British
enginecrs, there is the usual difficulty that
American text-books concern themselves
solely with American standards, chan-
nels, and methods. While it is an easy
matter for the professional engineer to
adapt the material to British practice
such a course will be difficult, or impos-
sible for the beginner. Thus on p.127
we learn that the superheterodyne type
of circuit is always employed, and a
study of the two sets of transmission
standards will show no reason why this
should not apply equally in either system.
In fact, however, it is not at all true in
this country because we have only one
programme available and tuning need
once on installation.
whereas the American user has a choice
of alternative programmes.

The book contains a few errors, for
example on p.42 Fig. 3-6(b) we have a
gross misrepresentation of the path of an
electron beam undergoing magnetic
focusing. We learn on p.152 that tubes
with a deflexion angle of 50° are called
“wide angle” tubes, whereas this is
generally reserved for 70° tubes. In the
high voltage source of Fig. 10-10 the grid
winding is coupled to the primary wind-
ing. Although this is not an error it is
bad practice because it results in two
possible modes of oscillation. It is better
to couple the grid winding to the secon-
dary only. In section 12-14 it is stated
that the video amplifier must have a
uniform response down to 30c/s. Now
either there is D.C. restoration or there is
not. If there is not, the video amplifier
must have a uniform response down to
zero frequency. If there is, then the
response must be such that the sag in
the transient response to a unit step is
small during a line period which need
only imply a good response down to
about 500c/s. So either way the state-
ment is wrong. Page 224 paragraph 2
implies a similarity between a cathode-
follower and a transformer in matching .a
high-impedance source to a low-impe-
dance load. The analogy is superficial
and-dangerous. We find on p.354 that
the extremely wide band of the vision
LF. is easier to get at a high LF. than at
a low one. This is untrue.

Nevertheless, such errors are the ex-
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Recent Books

TIME BASES

Their Design and Development

by
- 0. S. Puckle
M.B.E., M.LE.E.
Second Edition, Revised '
400 pages

257 figures 30s. net

RADIO
TECHNOLOGY

by
B. F. Weller .
AM.LE.E., A.M.BkIT.l.R,E.
Third Edition, Revised '
122 figures

420 pages 30s. net

37 ESSEX STREET, LONDON, W.C.2

ELECTROPHYSIOLOGICAL
TECHNIQUE

by C. J. DICKINSON, B.A., B.Sc.
(Magdalen College, Oxford)

Demy 8vo. 140 pp.

Price 12s. 6d. Postage 6d.
The author describes the use of
electronic methods as applied to re-
search in Neurophysiology. Chapters
are devoted to modern techniques
for time marking, stimulating pro-
duction and recording of mechanical
movement.

VOLTAGE STABILIZERS
by F. A. BENSON, M.Eng, AM.LEE.,
M.LR.E. (University of Sheffield)

Demy 8vo. 125 pp.

Price 12s. éd. Postage 6d.
This monograph describes the various
devices employing magnetically satur-
ated elements, glow-discharge tube
circuits and thermionic valve arrange-
ments for voltage stabilization. A
comprehensive bibliography is in-
cluded.

PUBLISHED BY

lectronic Engineering

28, ESSEX STREET, STRAND,
LONDON, w.C.2
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A SHORT HISTORY OF
RADIO ACTIVITY

by T. W. CHALMERS,

M.I.Mech.E.

D.Sc.,

This book was published in
March, 1951.°

It is reprinted from the series of
articles published last year in
THE ENGINEER.

It deals with history and
properties of Uranium and
Thorium, the discovery of radio
activity by Becquerel and of Polon-
ium and Radium by the Curies.
The later chapters deal with the
nature and properties of Alpha,
Beta and Gamma rays and Ruther-
ford’s and Soddy’s theory of
spontaneous atomic disintegration.

Published at the offices of

@he Engineer

28, ESSEX STREET, STRAND,
LONDON, W.C2.

Crown Quarto—about 78 pages
PRICE 8s. éd.

CATHODE RAY TUBE TRACES
by H. MOSS, Ph.D.
Price 10s. 6d. Postage 6éd.
This Monograph is based on a series of articles
published in Electronic Engineering and con-
tains the elementary theory of common
types, with notes on their production,
‘* This book has considerable general
educational interest,’’—Electrical Review.
** The photographs of c.r..tube traces are
excellent and in both their quality and their
number they form an outstanding feature of
the book.”’—Wireless Engineer. .

A HOME-BUILT TELEVISOR

For Sutton Coldfield Reception
by W. . FLACK
Price 4s. 6d. Postage 3d.
This booklet fully describes the design and
construction of a high quality receiver for the
reception of the Sutton Coldfield trans-
mission.

Reprints of the article by W, {. Flack on
suitable pre-amplifiers for use with either the
Alexandra Palace or Sutton Coldfield modeis
of the Home-Built Televisor (originally
Published in the April, 1950, issue of
* Electronic Engineering '') are now avail-

able on application to the Circulation
Department.
Price 9d. Post Free 10d.

PUBLISHED BY

28, ESSEX STREET, STRAND,
LONDON, W.C.2
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BOOK REVIEWS

A Short History of Radio-Activity

By T. W. Chalmers. 78 pp., with 34 jllustrations.
“The Engineer,” London, 1951. Price 8s. 6d.
THIS book gives a comprehensive sur-

vey of the development and the
present state of our knowledge of radio-
activity. The therapeutical uses of radium
fall outside-its scope. -Radioactive tracer
elements and their ever-increasing impor-
tance in medical science and in industry
are only briefly dealt with. .

The first two chapters deal with the
history of uranium and thorium and
their compounds, especially also with
those used in the manufacture of incan-
descent gas mantles.

The next two chapters tell the thrilling
story of the * Becquerel rays,” this dis-
covery of radioactivity and that of the
new elements polonium, radium and
actinium by the Curies. The vast-amount
of patient and exhausting work is des-
cribed, which had to be carried out after
a suitable method for measuring radio-
activity by the ionization chamber had
been developed.

Chapters V-VII deal with the o-, 8-

"and y-rays and tell how it was found

that only the y-rays are undulatory and
resemble the X-rays while the «- and
B-rays are corpuscular and are caused
by the emission of doubly ionized helium
atoms and electrons respectively. A
brief explanation of the Geiger counter
is contained in Chapted VIL. .

In Chapters VIII and IX the atomic
disintegration theory and the emanations
are dealt with and an estimate is made
of the amount of cemanation in the
earth’s atmosphere.

Chapters X and XI. dealing with the
active deposits of thorium, actinium and
radium, contain a brief account of P.
Curie’s work of excited activity which
forms the basis of the present-day tracer
technique. Rutherford’s qualitative ex-
planation for the different behaviour of
excited activity with different lengths of
exposure is given. As is shown, three
isotopes of lead are the stable end-pro-
ducts of the disintegration of radium,
thorium and actinium respectively.

In Chapters XII and XII1 the gradual
development of the uranium-238 series

and the actinium and thorium series is -

discussed and the modern series are given
with the atomic weights and half-lives of
the respective elements. Finally, the new
elements neptunium and plutonium are
mentioned as the outcome of the work
done for developing the atomic bomb.

The last chapter is perhaps the most
original one. Here, for those possessing
only little mathematical knowledge. the
theory of spontaneous atomic disintegra-
tion is made plausible by some simple
financial analogies and thus e.g. a con-
firmation is expounded for Rutherford’s
explanation mentioned above.

The book forms a sequel to the
author’s “Historic Researches,” reviewed
in the February 1950 issue of “Electronic
Engineering,” and is characterized by the
same lucidity of style and well-chosen
illustrations, R. NEUMANN
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Installation and Servicing of Low

" Power Public Address Systems

By John F. Rider. 208 pp., 103 figs. Johm F.
Rider Publisher, Inc. Price $1.89.

R. RIDER has collected much in-
. formation together in this book that
will be of use to firms or individuals
engaged in public address installations and
servicing. The first five chapters deal

with principles in a practical way, show-

ing how to interpret manufacturers’
specifications in relation to the needs of
a particular application, while the last

.two chapters- give typical examples of

actual installations and servicing faults
encountered.

Chapter one is an introduction to the
fundamental quantities used in .sound
measurement, and the factors entering
into the problems of the P.A. engineer.
In considering attenuation with distance,
however, the author does not make the
distinction clear between reduction in
level due to application of the inverse
square law, and that due to absorption
of energy by the medium: In view of the
detail given in other respects, it is felt that
this should have teen clarified. An error
that is repeated is that of expressing a
pressure ratio of 3.10° or a power ratio
of 10 as equivalent to 120db.

Chapter two describes different types
of microphone, pick-up and radio tuner,
together with typical specifications for
each type, instructions' and examples on
methods of connexion and use, cable re-
quirements and effects upon performance.
While it is agreed that under certain
circumstances the phase angle of impe-
dances is unimportant in P.A. work, it
is unfortunate that the author takes
exanmples to illustrate calculations in
which the effect of phase completely
invalidates the figures he obtains—a
figure quoted as 0.424db should be of
the order of 0.01, and a value given as
1,938db is actually 0.263, when the cor-
rect formula is used. The information
on the moving coil pick-up is rather
short, and it is felt the intermodulation
should have received mention along with
the other forms of distorticn for which
pick-ups are responsible. .

Chapter three gives simple methods of
calculating the matching arrangements
for loudspeaker circuits, so as to distri-
bute the power according to any desired
requirements, using either high or low
impedance distribution. While it is not
technically accurate to refer to optimum
load impedance in the plate circuit of the
output stage as source impedance, it may
avoid confusion for the purposes of this
book. However, it is wondered whether
the effect of the true source impedance
upon resultant quality is not of sufficient
importance to receive attention, as the
treatment. is otherwise very comprehen-
sive, :

- The next two chapters deal with
amplifier specifications and types of loud-
speakers and their applications respec-
tively. General characteristics of various
types, and the features to look for in
choosing components for any given appli-
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can be screened, wound into a close
coiled formation which extends up to
600 per cent of its normal length and is
self-retracting.

Reliance Electrical Wire Co., Ltd.,
Fingal Works,

Staffa Road,

Leyton, London, E.10.

~ Quartz Crystai Activity Test Set
(Hlustrated below)

THE G.E.C. Quartz Crystal Test Set is

designed to permit the equivalent
parallel resistance to be measured directly
at input circuit capacitances of 20pF,
30pF or 50pF. - The accuracy is better
than 5 per cent for crystals having fre-
quencies in the range 3Mc/s to 10Mc/s,

-and it can be used for crystals between
IMc/s and 20Mc/s at slightly lower
accuracy.

The test set can also be used to
measure the dynamic resistance of
parallel tuned circuits having resonant
frequencies in the range IMc/s to
20Mc/s.. It can therefore be used for
many of the measurements normally
made by a Q meter, and since it reads
dynamic resistance directly without cal-
culation its use frequently simplifies
testing.

The range of activity measurement is
4k() to 130k{). The accuracy of loss
dial calibratipn is *£2 per cent, with an
accuracy of loss measurement of =5 per
cent for frequencies in the range 3Mc/s
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_ inner conductor.

to 10Mc/s, and =7 per cent for fre-

quencies in the range of 1Mc/s to
20Mc/s.

Saiford Electrical Instruments, Ltd.,

Silk Street,

Salford, 3, Lancs.

Television E.H.T. Voltmeter
(Hlustrated top right)

ANGAMO™ WESTERN, LTD., have

produced a npew E.H.T. .voltmeter,
which is not yet fully in production.

The voltmeter is of the moving coil
type, with a 2.8in. boldly figured scale
to facilitate reading under difficult con-
ditions. The sensitivity of 20,000 ohms
per volt means that the current drain is
approximately the same as a cathode ray
tube, and readings should be taken with
the -tube disconnected to approximate
normal working conditions.

It is magnetically and electrically
shielded, and has a range of 0-7,500 volts
D.c. Its leads are made of ignition type

cable, and permanently connected to the.

instrument. The positive lead has a

shrouded prod and the negative lead has
a clip

Sangamo Weston, Ltd.

Great Cambridge Road,

Enfield, Middx.

Windsor Universal Meter Model 88A

LLUSTRATED below is the Windsor

Universal Meter Model 88A which
features a single mirrored 4in. linear
scale for all ranges and overload protec-
tion.

The instrument has the following
accuracy ranges: 2 per cent of full scale
except for 5kV for p.c.; 4 per cent of
full scale for A.c., and 6 per cent of the
full scale for 5kV. It has a senpsitivity
of 20,000 ohms per volt p.c. and 2,000
ohms per volt a.c. It has 85 ranges
including four ohms ranges varying from
1 to 5 megohms and a buzzer for con-
tinuity tests.

Taylor Electrical Instruments, Ltd.,
419/424 Montrose Avenue,
Slough, Bucks.

R.F. Cables

N addition to the present range of

television down lead cables, Telcon will
be exhibiting both solid and air spaced
low loss cables and accessories suitable
for operation at frequencies as high as
10,000Mc¢/s per second.

The latest type of air spaced coaxial
cable has as a spacer a helical membrane
of Telcothene applied edge-on around the
The outer conductor is
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a seamless aluminium tube coid drawn
down on to the helix and provides very
adequate screening and waterproof pro-
tection. An effective dielectric constant
of 1.08 is thus obtained in a robust and
special construction with a high degree
ot uniformity.

Another Telcon new development is a
mumetal powder for cores for operation
at carrier frequencies particularly in the

- telecommunication field.

The Telegraph Construction &
Maintenance Co., Ltd.,
Telcon Works, London, S.E.10.

Television R.F. Strip
AMONG the newly introduced com-
ponents to be exhibited is the
Television R.F. Strip manufactured by
thc(ej Weymouth Radio Manufacturing Co.,
Ltd.

From a technical view-point the tele-

vision unit, has several interesting
features. It is a complete vestigial side-
band superhet unit of high performance
using standard type B.7.G valves. The
layout comprises two R.F. stages, oscil-
lator/mixer, one common LF.—two sound
LF’s., sound detector, and noise limiter—
two vision LF’s., Video detector, spot
limiter, Video amplifier and Sync. separa-
tor. The R.F. and oscillator stages are
mounted on a rapidly interchangeable
sub-chassis which enables maximum per-
formance to be achieved on all channels.
The receiver has an overall vision
response better than 3Mc/s and the
sound 1LF. bandwidth is approximately
200kc/s. The sensitivity for 1 volt p.c.
at the Video amplifier grid is 10 micro-
volts when aligned for fringe area use
(it 5 normally in excess of this on the
lower frequency channels). Two stages
of sound rejection are employed giving
—40db to —50db, dependent on LF.
bandwidth required.
Weymouth Radio Manufacturing
Co., Ltd.,
Crescent Works,
Weymouth, Dorset.
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“Helvin” is more economical, and the
components are also tropicalized.

Hellerman Electric, Ltd.,
Tinsley Lane,

Crawley,

Sussex.

Printed Circuits

(Hllustrated above)
H. HUNT, LTD., in conjunction
» with Ward, Blenkinsop & Co., Ltd,,
the well-known industrial chemists, have
made further developments in the tech-
nique of printed circuits on plasti¢ bases.
Improvements in the process have
resulted in a definite adhesion of the
metallic elements to the plastic material
and have made the process of soldering
connexions to it much less critical,
although, as with all printed circuits on

plastic, some care 'is needed in order to .

prevent damage to the plastic base. It is
recommended that low wattage soldering
irons, preferably of the pencil type, be
used in conjunction with 60/40 solder.
One of the advantages of the process
is that the equipment necessary for pro-
ducing the circuit does not involve heavy
tooling charges. -Experimental and pro-
duction tooling costs can be met at th
expense of a few pounds. :
The primary development has been
with the use of high grade phenolic
laminated sheet, but the process has been
applied successfully to other plastic

materials, and it will be seen that the.

possible applications are widespread.
Further development to make full use of
the process is well in hand.

Further information is available on

request to Hunts.
A. H. Hunt, Ltd,,
.Benson Valley,
Garratt Lane,
Wandsworth,

London, S.W.18."

Rubber Mouldings and Components
~HIGH quality mouldings and com-
ponents in rubber are to be exhibited
by Long and Hambly, Ltd., together
with a comprehensive range of masks for
television tubes. The latter are now
being finished with a Latex based lacquer,
which, besides possessing a matt finish,

has adhesive properties.

Long and Hambly, Ltd.,
Slater Street,
High Wycombe,
Bucks.

ELECTRONIC ENGINEERING’

Q Scan Portable Alignment Oscilloscope
({llustrated below)

THE Q scan type TF 966/1-is a port-
able alignment oscilloscope for the
visual checking and lining up of televi-
sion receivers; it also includes all the
normal oscilloscope facilities required
for laboratory and test room use.

The main components "of the X-
amplifier are rearranged by switching to
form a time-base of variable frequency.
The time-base output is used to fre-
quency-modulate a R.F. sweep genera-
tor, the mean carrier frequency of which
is variable over a range embracing the
R.F. and LF. frequencies of normal tele-
vision receivers. The unit is housed,
complete with its A.c. power pack, in
a metal case of notably small dimensions,
fitted with a convenient carrying handle.

Marconi Instruments, Ltd.,
St. Albans,
Herts.

Morganite Type “F” Switch

ORGANITE Resistors introduce

this year a miniature model type
“F” to their well-known range of poten-
tiometer switches. This will be available
as an alternative to the type “V” switch
fitted to the type “A” potentiometer. It
is only 19/32 in. deep by 29/32 in.
maximum diameter so that the type “A”
potentiometer with this switch can be
used when there is only 17/32 in. depth
behind the panel. It is available as a
double or single pole switch. As com-
pared with the type “V” switch which
was designed for the stringent Scandina-
vian insulation requirements, it has
smaller insulation clearances in line with
American practice, but in reliability and
current carrying capacity it stands’ up
excellently on test. It is rated at 1 amp,
250 volts or 3 amps, 10 volts.

All electrical switching points are
heavily silver plated and terminal tags
are provided with auxiliary locating holes
to ensure absence of rotation and con-
sequent deterioration of the electrical
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. ing conditions.

contacts. Extremely rapid fly-over "of
the switch ensures a quick make and

break of the electrical circuits and midi- -

mizes arcing.
Morganite Resistors, Ltd.,
Bede Trading Estate,
Jarrow,
Co. Durham.

Mullard Projection Television and
“ World Series ” Valves

A WIDE range of picture sizes is made

possible by the projection television
components ' alsd exhibited on the
Mullard components stand. In normal
cabinet receivers the smallest size is
124 in. by 94 in., and the largest 18 in.
by 13-7/16 in.
go up to 48 in. by 36 in. Set manufac-
turers are thus able to meet the now
established demand for bigger pictures
which can be viewed under normal light-
The Mullard projection
television system comprises an optical
unit, a Mullard 2% in. cathode ray tube
MWé6-2 with deflexion and focusing coils,
and an EH.T. unit providing a 25kV
supply to the cathode ray tube.
Mullard Electric Products, Ltd.,
Century House,
Shaftesbury Avenue,
London, W.C.2.

Zirconium Metal

HE production of Zirconium metal -

on a commercial scale has recently
been initiated by Murex, Litd. Previously,
only very limited supplies of this metal
were available in England and even now
full production has not yet been attained.

Zirconium will be available in the form
of rod, sheet-and wire. Apart from its
use in the chemical industry on account
of its excellent corrosion resistance, and
to a certain extent also in surgery for the
same reason, Zirconium will be of con-
siderable interest to electronics engineers.

‘It has excellent getter properties which

make it of value, for all types of vacuum
work. It has a high melting point and

" under the right conditions, can be readily
‘formed.
-emission inhibitors and can, in many

Zirconium is used for grid

cases replace tantalum or molybdenum.
This company will also be exhibiting
Tantalum metal which was shown for the
first time at the 1950 exhibition. In the
last year, considerable progress has been
made in the production of sheet and
wire; sheet can now- be rolled down to
.004 in. and can be supplied in lengths

up to 2ft. g
Murex, Ltd.,
Rainham,
Essex.

Extensible Coiled Cords

THE illustration at the top of the next
column, first published in ELECTRONIC
ENGINEERING,  August, 1950. shows
the extensible coiled cords, manufac-
tured by the Reliance Electrical Wire
Co., Ltd.,, in use. The cord is used
mainly with communications equipment
o~ mains operated apparatus where
trailing cables are undesirable, or where
storage space is limited.

The cords consist of a length of
rubber sheathed flexible with any gived
number of conductors which, if so desired,
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Ediswan Electric Welding Torch
(Illustrated above)

THE Ediswan Electric Welding Torch
provides a means of welding materials
like polythene and solid P.V.C. without
involving complicated and expensive
plant. It is portable and requires only
to be fed from a compressed air source,

or gas cylinder, and connected to a.mains .

supply.

-The gas jet temperature, the value
of which depends on the material and
its gauge, is regulated by means of a
valve which is included in the handle of
the torch. Earthing of metal parts
complies with the standard regulations
for portable apparatus.

The approximate temperature of the
jet is 250 to 400°C (480 and 750°F).
The consumption is 140 watts, with a gas
flow of 30-50 cubic feet per hour. The
minimum gas pressure is 1 lb. per square
inch, and the maximum 10 1b. per square
inch. The torch weighs about 14 Ib.

Also illustrated is Valve 29D2 which
iS a new -ionization gauge for measure-
ment and vacuum.

The Edison Swan Electric Co., Ltd.,
155 Charing Cross Road,
London, W.C.2.

Egen Midget Pre-set Variable Resistor
(Illustrated top centre)
GEN ELECTRIC, LTD., are exhibit-
ing an improved midget pre-set vari-
able resistor. Designed for panel or
chassis mounting, it measures 2in. by
13in. by fin. It incorporates a newly
designed double slider, actuated by a
worm screw, a ratchet action preventing
overwinding. The wirewound element is
rated for 24 watts and the solder tags are
silver plated. It is available in any value
from 10 ohms to 25,000 ohms.
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There is also a range of carbon poten-
tiometers which have been developed.
Improved stability is claimed for them
due to a specialized method of carbon
deposition.
! Egen Electric, Ltd.,
Charfleet Industrial Estate,

Canvey Island,
Essex.

New Erie Capacitors

HE Erie type 325 stand-off ceramicon

is made for high frequency decoup-
ling, and one of its uses is for by-pass
application to avoid radiation in televi-
sion and V.H.F. equipment.

A push-on clip facilitates high speed
assembly, or the shell may be soldered
directly into a hole in the chassis, and
the post terminal provides a sturdy tie-
point for several connexions at the ter-
minal height of the average valve holder.

It has a capacitance of 1,500pF =20
per cent, with a power factor of 2.5 per
cent maximum at lkc¢/s, and 5V R.M.S.
maximum. Its capacitance will not change
from its value at 25°C more than + 10
per cent or —20 per cent as temperature
is varied from —40°C to +85°C.

The Erie type 811 teledisc is a cera-
micon offering a maximum capacitance
of .0ixF on a compact disk only 19/32 in.
in diameter, and by virtue of its very
small size and shape is easy to install
in small spaces, and simplifies and speeds
up soldering and wiring operations.

It consists of a flat ceramic dielectric
disk with silver plates fired on by Erie's
usual method. It is fitted with 0.020 (25
gauge) tinned copper wires firmly soldered
to the silver plates, and is coated with
the same low loss phenolic as this firm's
general purpose ceramicons.

Its standard values are .003x#F and
.0054F with a & of 3,800 and 0.012F with
a k of 7800. .

Erie Resistor, Ltd.,
Millora Works,

Beevor Road, South Denes,
Great Yarmouth.

Elliptical Speaker Model T22/470°
(Hlustrated top right)

PART from Goodman’s normal

range of speakers from 2%in. to 18in.,
a new Introduction is the Elliptical unit
model T22/470. This loudspeaker makes
it possible to obtain the bass response of
a much larger unit, coupled with a
more uniform spacing distribution of the
higher frequency sound. Its shape makes
it particularly adaptable to the more
economical cabinet design. Like all
Goodman speakers, it is fitted with a
specially. treated non-hygroscopic dia-
phragm.
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It has a flux density of 7,000 gauss,
with a power handling capacity of 2%
watts at peak A.c. The voice coil diameter
is $in, and it has an impedance of 3

ohms, It is available with single or
multi-ratio output transformer ready
mounted.

Goodmans Industries, Ltd.,
Lancelot Road,
Wembley, Middx.

Hellermann Tools
(Illustrated below)

HE Hellermann tool illustrated telow

is designed for fitting ‘Hellerman
P.V.C. and Twinlay sleeves and cable
markers. But where large quantities of
sleeves or cable markers are being fitted
the use of a foot operated tool is recom-
mended. .

“Helvin,” this firm’s elastic type
plastic is also available. It is used for
insulating shrouds for the anode con-
nexions to C.R.Ts, for shrouding the
valve base for insulating valve caps or
flexibly mounting tubes and, of course,
grommets which previously would have
been made from rubber, but the use of
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R.E.C.M.F. Exhibition

A selective preview of new components to be shown at the exhibition of the Radio and Electronic Component
Manufacturers Federation at Grosvenor House, London, W.1, on April 10—12.

Belling and Lee New Components
THE new Belling and Lee plug, List

No. 1.733/P, is specifically designed
for unscreened balanced twin feeder as

used with television or short wave
reception. It fits the appropriate chassis
mounting socket L.733/S or skirting board
outlet L.739. These are shown above.

_The twin feeder is loaded simply by
pinching the wires in the spills provided
and the ingenious black polythene mould-
ing folds into shape where it is held
together by means of the two ball headed
studs.

The L.739 Outlet Box, illustrated below,
is designed for use with 1.733/P plug and
as a skirting board termination for un-
screened balanced twin aerial feeder.

Belling and Lee, Ltd.,
Cambridge Arterial Road,
Enfield, Middx.
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Bray Electro-Ceramic Insulators

EO. BRAY & CO., LTD., are exhibit-

ing a very varied selection of their

precision made ceramic insulators, made

in various bodies for different applica-

tions, i.e., some for temperatures up to

1,600°C, others for capacitor dielectrics

and in low loss material, as well as the

ordinary standard porcelain and steatite.

The illustration right shows some typical
Bray electro-ceramic insulators.

Geo. Bray & Co., Ltd.,

Leicester Place,

Blackman Lane,

Leeds, 2.
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Nylon-Loaded Moulded Valveholders
(Illustrated centre)

CONFORMING to the requirements
of R.C.S. Specification 251 for Grade
II valveholders, the range of B7G and
BY9A nylon-loaded moulded valveholders
has a wide application in service for high
grade commercial equipment.

The combination of “Clix ™ patented
Beryllium Copper Contacts and a nylon-
loaded phenolic body moulding ensures
good performance under Grade II con-
ditions.

The nylon-phenolic body has low
moisture absorption, high surface and
volume resistivity, low permittivity and
low power losses, while silver plated
Beryllium Copper sockets provide good
contact with hard or soft valve pins.

Bulgin New Components
AMONG the Bulgin components to be
exhibited will be the following new
lines: control knobs, appliance knobs,
signal/indicator lamp fittings and fuse-
links.

Many new types of Bulgin control
knobs are being shown for the first time,
including a triple-matching range of new
instrument-dial knobs, moulded in. the
highest grade highly polished thermo-
setting bakelite material.

A new set of Bulgin appliance knobs
includes small lever and dial types, suit-
able for wide uses in e'ectrical fields.

New kinds of Bulgin signal- or indi-
cator-lamp fittings are forthcoming, in-
cluding extensions to existing ranges of
models which are well known and well
tried, giving .a bigger variety of accept-
ance of different lamp caps.

The makers claim that the contact
resistance and noise level are of the
lowest achievable order, and the specified
limit figures for insertion and withdrawal
forces are attained with a wide margin.

The Grade II range is mechanically
interchangeable with, and available in
the same variations of socket orientation,
skirt, saddle and screen cans as the

“ Clix-Fluon ” Grade 1 range.

British Mechanical Productions, Ltd.,
. in association with

The General Accessories Co., Ltd.,
21 Bruton Street,

London, W.1.
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New Bulgin fuse-links include low-
current sensitive fuses operating upon
currents as low as 10mA carrying and
20mA blowing. Reasonably robust and
comparatively inexpensive, these are pre-
cise to rating to an extreme degree, and
can be relied upon to protect expensive
but sensitive and low-rated or overload-
factor instruments in equipment.

A. F. Bulgin & Co., Ltd.,
Bye Pass Road,
Barking, Essex.

Toggle Switch and Neon Unit
(Hlustrated above)
WO newcomers to the “Diamond H”
range of toggle switches are a small
snap-in toggle switch and a neon indica-
tor completely matching in appearance.
The toggle switch is a single pole on/off
type, and has a rating of 12 amps. 250

VO.iS A.C.
Diamond H Switches, Ltd.,
Gunnersbury Avenue,

London, W.4.
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[etters 't.o the Editor

(We do not hold ourselves responsible for the opinions of our correspondents)

Television for Radiomen

DEaR SirR,—In your issue for January,
1951, there appeared a criticism of a book
“ Television for Radiomen” by Edward
M. Noll published by McMillan of New
York. The criticism was written by Mr.
Emlyn Jones and contained certain state-
ments which I find most disturbing.  If

they are true, then I have wasted much

time and mental energy in attempting to
understand electrical vibrations.

I quote from the criticism—" Much
more serious, however, are some of the
misconceptions such as that on pp. 190
and 193 ‘The low order and high order
harmonics_are vested in the leading and
trailing edges and flat top of the pulse’
and ‘The leading edges of a pulse are
made up ‘of high frequency components.’
Now, in’ fact, all the components of a
periodic waveform ‘are present all the
time and contribute to every part of the
waveform; they merely happen to pass
through zero together at the instants when
the sharp fronts occur. The author
apparently -thinks that the H.F. com-
ponents come along in bursts every time
a sharp front arrives and this leads to
such statements as that on p. 255, line
16. ‘During the intervals that the H.F.
components of the deflexion voltages are
felt across the deflecting circuit the
deflexion system is resistive . . .’ Of
course it is resistive all the time.” Here
the quotation ceases.

Mr. Jones writes of “the component
parts of a waveform ” as though he was
writing of a bag of salted peanuts.
the point of view of a mathematical
analysis his statements are perfectly cor-
rect, and the separate drawings of sine
waves of harmonically related frequencies
followed by a graphical addition of those
waves to show the method of synthesiz-
ing any given waveform from an addition
of pure sine waves of various frequencies
and phase relations must be familiar to
any student of electronics. To state
categorically that this is what actually
happens in a circuit seems to me to be a
little odd, though, to say the least of it.

Mr. Jones, I think, mixes up physical
-phenomena with the theoretical tools used
for understanding those phenomena. He
seems to be -unaware that Fourier’s
Analysis, though -very clever on M.
Fourier’s part and certainly very useful,
is yet no more than a mathematical trick.

Now it may be that my conceptions of
“ harmonics ” are wrong and Mr. Jones’
are right, in which case I owe him an
apology. If I am right, however, you will
appreciate that my faith in your book
reviews will be a little strained. Which
is faintly irritating, for I rely upon your
book reviews to guide my reading. That
is the reason for my writing this letter,
for T see no mention of the matter in
your issue for February. If you are
already the recipient of a spate of letters
on this subject then I apologize for fling-
ing yet another on the pile.

Yours faithfully,

P. TURNER,
Mansfield, Notts.
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Mr. Jones replies :

Dear SIR,—Mr. Turner’s letter pleased
me greatly, for it showed that the review
had served its purpose, and had brought
to light misconceptions not only in the
mind of Mr. Noll, but also in the mind of
at least one reader of ELECTRONIC
ENGINEERING. Mr. TFurner agrees that
‘“ from the mathematical point of view his
(my) statements are perfectly correct” but
says that *to state that this is what
happens seems to me to be a little odd,
though, to say the least of it.”

From this I deduce that he supports the
view that “the H.F. components come
along in bursts every time a sharp front
arrives,” which is the viewpoint to which
I took exception in Mr. Noll’s book.

If this is, indeed, what Mr. Turner

 means, then the best reply is to show how

my contention agrees both with mathe-
matical and physical fact, whereas his
only appears to agree with physical fact.

Suppose we have a succession of sharp
current pulses applied to a single-tuned
circuit, as shown in Fig. 1(a) where the
current waveform is drawn at 1(b). The
pulse repetition rate is taken as 1,000c/s
and harmonics will exist at multiples of
1,000c/s. If the circuit is tuned to oné
of these harmonics, say 3000c/s, an
oscillograph will show a waveform of the
type drawn in (c) where we see the ampli-
tude increasing as each pulse arrives.
One may therefore appear justified in
saying *“The HF. components come
along in bursts, and we can see the
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-circuit responding to each burst in turn.”

If the response of the circuit of
Fig. 1(a) is plotted, it will (being a real
circuit and not a mathematical fiction!?)
have a finite respemse at all frequencies
from 0 to infinity, and will therefore
respond slightly to all the components of
the applied waveform.

Each frequency component of the wave-
form (b) is assumed to be of constant
amplitude and phase with respect to
time—nothing resembling a * burst of
R.F” The component response it pro-
duces is therefore constant.  Although
each component response is of constant
amplitude the total response will be
found to bte precisely the waveform
shown at (c), the rise and fall in ampli-
tude being formed by the beating to-

-gether of the component responses.

To test this viewpoint one might
attempt to make the circuit perfectly
selective, so as to respond to a single
component. The variations in amplitude
should then cease, since there will now
be no other component to beat with.
Since, again, we have a real circuit, we
know this is impossible in practice, but
we can make our circuit more selective
and see if the trend is in the right direc-
tion. If we do this we find that the
variations do, in fact, diminish, for in-
creased selectivity is just another aspect
of reduced decrement, which implies
that the decay of the circuit after each
shock is slower (Fig. 1 (d)). Incidentally,
the amplitude will be greater also. Now
let us postulate a circuit of infinite Q,
perfect selectivity, zero decrement. - We
are now in the realm of the impossible,
so we expect ‘an impossible answer.
Well, first the circuit would take an-
infinite time to build up, but it could
have had an infinite time to do it—we
have not specified a beginning to the
waveform (b). The amptitude would be
infinite, the decrement zero, and the
per cent variation nil.

The quantity which really does arrive
in bursts is the total energy drawn from
the source. The energy carried by the
steady components sums to zero during
the intervals between the pulses.

You will see that all this is perfectly
in agreement with my statement, and the
mathematical conception is entirely in
agreement with the physical facts.

Now I have a great deal of sympathy
with Mr. Turner, although in this in-
stance he is wrong, because the fault lies
not with him, but with the extremely
loose way in which many authors treat
this subject. It was because of this that
I felt so strongly about Mr. Noll’s book.
Students rightly treat their textbooks as
authoritative, and irreparable harm can
be done to their progress by the implanta-
tion of faulty ideas. Tt is the attempt to
picture discontinuous phenomena in
terms of continuous concepts that lies at
the root of this sort of misconception.

Yours faithfully, .
EMLYN JONES,
Salfords, Surrey.
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can be eliminated by adjusting the crystal against
a frequency standard in the oven in which it is
to work, after allowing the temperature to
stabilize.

(¢) As mentioned previously, the maximum total
excursion in the oven temperature is 1.7°, which
for the sake of simplicity (and a margin of safety)
we will call =1°. With the crystals used this
effect will produce a frequency variation of *1
part in 108,

(d) For a mains voltage change from —20 per cent
to .+20 per cent on the nominal voltage the
crystal frequency varies' between +1 part in 10°
and —1 part in 10° relative to the frequency at
the nominal voltage.

(e) Due to the use of a plated crystal in a well de-
signed mounting and to the low excitation pro-
vided by the circuit used, frequency variations
due to these effects do not contribute a significant
quantity to the total variation from other causes.

There is also another effect which will only be apparent

if there are wide variations in the ambient temperature.
This effect is a tendency (probably due to imperfect lag-
ging and small thermal capacity of the oven) for the crystal
average frequency to change slightly with ambient tem-
perature. This effect causes a variation of just under 1
part in 10® for an-ambient temperature change of 0° to
30°C. -
It will be seen from the foregoing data, whxch in all
cases represents maximum . deviations observed on a
number of units, that the requirements should readily be
achieved. In practice when the equipment is run con-
tinuously in conditions of reasonably steady ambient tem-
perature the required performance is exceeded.

The Stand-by Rack and Comparator

As spare drive units as well as transmitters are required
to be always ready for operation a rack taking four drive
units and having the necessary power supplies is provided
at each station. This is illustrated in Fig. 3

Fig. 3.

The stand-by rack

ELECTRONIC. ENGINEERING
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The osciltater unit

Fig. 4.

In order to provide on-site a reasonably reliable check
on the operation of the crystals without the use of expen-
sive measuring gear this rack also includes a means for
comparing the frequencies of any three crystals on the
same channel. This device.is carried in the lower part of
the unit and consists essentially of a tuned circuit and
detector which enables the R.F. signal from any of the
four stand-by drive units to be mixed with the signal from
the pitk-up point in the corresponding transmitter (work-
ing .or stand-by). This produces an audio signal whose
frequency is then measured by a simple electronic fre-
quency meter circuit and the result displayed as a direct,
reading in cycles per second difference on the meter. The
meter has four ranges, 0-10, 0-100, 0-1,000, 0-10,000 cycles,
and will read quite steadily down to two or three cycles on
the 0-10 range. If it is desired to check frequencies below

. this figure, the range switch is tuned to a further position

which enables the meter to indicate the actual beats, which
can then be counted.

On the frequency meter ranges the device is accurate
enough to provide a useful check on the crystal frequency
and, by pressing a button, A.c. from the mains can be
injected into the circuit to enable it to be set against the
mains frequency by a control provided. A control is also
provided to adjust the detector-tuned circuit to the appro-
priate channel frequency, and.a further button enables the
meter to be used as a tuning indicator for this purpose.

The system of operation is to note the frequency
differences between the three drives and in the event of one
showing a large difference -from the other two it may
reasonably be assumed that this one is in error and it can
be withdrawn from service for checking. -~

The multiplication in the T1131 is 18 times, which gives
a maximum deviation at crystal frequency in the region of
25 cycles before the carrier tolerance of =500 cycles is
exceeded. In practice it has been found that the drives
will stay well within this figure. It would thus seem that
the 0-1,000 and 0-10,000 ranges are unnecessary, but they
were included because they involve little extra expense and
would be useful in checking the deviation of drives which
are grossly off frequency or in making alterations to. the
nominal channel frequencies which might possibly be
required for operational reasons.

The writer is indebted to the Ministry of Civil Aviation
and the Plessey Company for permission to publish this
article and to Plessey Company. also for the provision of
the illustrations. . .
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oven heater supply as there is no A.c. power supply on the
panel capable of supplying the oven load.

The High Stability Oscillator Unit

The high stability unit consists of a small chassis bear-
ing on'its top the oven, heater transformer, oscillator valve
and tuned circuit, and the thermostatic relay. The whole
unit slides into the fitting in the driver panel and picks
up its supplies-and R.F. output connexion automatically. A
trimmer . for ths fine-frequency control is provided in
parallel with the crystal and is accessible from the rear of
the oven.

Fig. 1. The unit in p!ace. in the 1131 driver panel

The oven consists of a small double copper box, the
volume of the inner chamber being about 30 cu. in.
Round the inner box is the heater which consists of a
number of turns of insulated wire in close thermal con-
tact with the box. This winding is supplied with A.c. at a
voltage of about 35 volts from the transformer mentioned
above, which also supplies the thermostat relay at 6 volts.
Within the inner chamber are the crystal, thermostat and
the variable capacitor for fine control of frequency. The

thermostat is a gas-filled type of a variety readily obtain- -

able commercially and controls the heater through a relay.
This method has been found to improve the action of the
thermostat considerably, - reducing backlash and giving
greater certainty of operation, by
diverting the comparatively heavy
oven current from the thermostat con-
tacts. A further improvement in the

thermostat datum temperature between units is =2°C. The
oven will hold its temperature satisfactorily when fitted in
a transmitter which is either in the operating or stand-by
condition over a range of ambient temperatures of 0° to
+30°C.

The crystal is of the glass-enclosed type in a B7G based
valve envelope and has a substantially zero temperature
co-efficient (*1 part in 10° per 1°C) in the immediate
vicinity of the nominal oven temperature. As it is desired to
reduce the initial errors in carrier frequency to the lowest
possible degree, the crystals are so adjusted (in an oscil-
lator circuit of the same type as that used in the equip-
ment) that, by using the trimmer capacitor, their
frequencies can be adjusted exactly to the nominal figure
when fitted in the oscillator units. '

The oscillator is an EF55 valve run at low dissipation
as a Pierce oscillator with a low Q anode circuit tuned well
below the lowest crystal frequency. This method enables
a reasonably constant output to be obtained from crystals
of between '5,500 and 8,111kc/s.  The original oscillator
valve in the driver panel is now used as a buffer and is
biased to operate at low grid current to reduce loading
of the oscillator and consequent deterioration of stability.

The Performance of the Oscillator Unit

The new oscillator was designed to give a carrier fre-
quency stability of =£500 cycles, which at the' mean
frequency of 125Mc/s corresponds to +3.2 parts in a
million. This accuracy is required to hold for mains supply
voltage variations of 20 per cent and for ambient tem-
peratures between 0°C and +30°C with the unit out of
the transmitter or in the transmitter under any conditions
of operation. The requirements for stability can be met
provided the cumulative effect of the sources of error
shown below is reduced to a sufficiently low figure.

(a) Error in cutting (deviation from nominal frequency).

(b) Error in oven average temperature (deviation from
nominal temperatures at which crystals are cut to
operate).

(¢) Maximum deviation of oven
average.

(d) Voltage co-efficient of crystal oscillator (variation of
frequency of oscillator with supply voltage).

(¢) A number of second-order effects due to such factors
as vibration co-efficient of the -crystal, drift due to
crystal heating and crystal ageing.

(a) (b) Due to the high cutting accuracy of these crystals,

which enables them to be trimmed exactly to the
nominal frequency, errors due to these effects

temperature from

Fig. 2. Front view of drive panel

thermostatic control is provided by
introducing a measure of “ anticipa-

CRYGTAL GVEN MRSET BE
| REMO D BERORE TR
UNIT 15 WITHDRAWN
FROM TRANSMI T

I TTER

tion ” into the action of the thermo-
stat by connecting the inner shell of
the oven, which carries the heater
winding, to the envelope of the
thermostat by means of a heavy
copper braid and a sleeve which
embraces the glass envelope. This
device has been found to reduce the
backlash in the thermostat operation
by quite a significant amount. The
nominal oven temperature is 70°C
which is held to within a maximum
total excursion of 1.7°. This figure,
while not outstanding, is quite ade-
quate to give the frequency stability

required. The variation of the actual

APRIL 1951

149

ELECTRONIC ENGINEERING



AL S § 4

that nve or six pairs of headphones are comfortably fed.
The amplifier is a simple device and incorporates a certain
degree of limiting, but no expansion.

Transmit/Receive Station

Signals, comprising both speech and tone, are delivered
from the Post Office pairs at a level of about —10dbm, and
are applied to the input of a filter unit comprising band-
stop and band-pass networks with suitable matching
transformers. The speech output, less a gap about 50c/s
wide around 2,460c/s, is then taken to a channel amplifier
(XMT), which, apart from its output impedance (600(2)
is identical with the one on the receiving side at the control
centre. The output of the amplifier goes direct to the
input of the modulator unit on the transmitter 1131A.

The 2,460c/s tone filtered from the incoming signal is
applied to the input terminals of a tone switching ampli-
fier, in which it is amplified and rectified. By a combina-
tion of A.c. and Dp.c. positive feedback, the anode current
of the last valve is made to rise suddenly when a certain
level of input is reached. . .

In practice the amplifiers are arranged not to operate
at an input level of —50db and to operate at —40db. The
relay contacts are connected to the H.T. switching circuits
of the transmitter, so that the transmitter becomes opera-
tive on receipt at the station of a 2,460c/s tone. Operate
and release delays are kept to a minimum of a few milli-
seconds. ) :

On the receiving side, the output from the receiver room
is connected direct to the Post Office pairs without further
amplification.

Ancillary Apparatus

It is obviously necessary to monitor the operation of
the apparatus continuously, and facilities are therefore
provided. Every incoming or outgoing pair at either
TX/RX or control centre is taken to a break jack, whose
inner springs are connected to the corresponding springs

of another break jack connected to the apparatus. By this
means either the line or the apparatus may be seized by a
plug inserted into the appropriate jack. A number of sets
of three jacks with their respective springs commoned is
provided. By plugging in two patch cords to these jacks
and then plugging the other ends of the patch cords into
the desired pair of packs, the circuit will remain un-
interrupted, but can be bridged by a third patch cord in
the third commoning jack. By this means the monitor
amplifier, of 10,000 ohms input impedance, can be bridged
across any circuit at will, and the attendant can listen to
the traffic on the station loudspeaker.

At the control centre a complete set of transmission
measuring equipment is provided, comprising a variable-
frequency oscillator; attenuator and level measuring set
capable of measuring through or terminated levels from
—50dbm to +20dbm. At transmit-receive stations a simple
decibelmeter is provided.

The tone switching oscillators and the variable oscilla-
tor are of the R-C type and made under licence from
Muirhead & Co. Ltd. In order to ensure continuity of
tone supply, in case of failure of one oscillator, a second
is provided. The outputs from both are connected to an
oscillator changeover unit in which a relay is held up by
the tone, and on release lights an alarm lamp, rings a bell
and connects the spare oscillator to the apparatus. A
manually operated changeover switch is then thrown to
make the former spare oscillator the working one and vice
versa, thus cancelling the alarm.

D.C. supply at the control centre is provided at 50V by
a simple rectifier, without batteries. This rectifier is in
duplicate and a changeover unit similar to that connected
with the oscillators is provided.

Flexibility is provided in the distribution cabinet. Every
controller’s position, monitor operator’s position, and set,

of channel apparatus is connected to a separate connexion
strip, and by means of jumpers rove through jumper rings
any change in arrangements may be made without disturb-
ing the permanent cabling.

The M.C.A. - V.H.F. Area Coverage Network

Provision of Transmitting Station Equipment

By D. H. C. Scholes *

The use of the T.1131 Transmitter for the Area Coverage network, discussed in last month's
issue; necessitated a considerable improvement in its frequency stability. In its standard form,
the T.1131 depends on a 10X type of crystal without temperature cantrol,

To achieve this improvement it was decided 10 introduce a new crystal oscillator stage having
a crystal of improved type working in a temperature controlled oven, and it is this modifica-
tion, together with the simple means evolved for routine frequency checking, which is described.

The Modification to the Transmitter

IN order to provide the maximum flexibility it was
decided to make the new oscillator a completely separate
unit which could be inserted in the T.1131 by means of
automatic plug and socket connexions. There was little
difficulty in finding a suitable location for the new unit
inside the driver panel, as there is adequate space at the
right-hand side of the chassis adjacent to the original drive
stage. In this position a small rack is fixed, into which
the unit can slide, making all its connexions on fixed
sockets at the front end of the rack. It was found neces-
sary to move a bank of resistors normally mounted just

* Chief Engineer, Radio Engineering Department,
The Plessey Company, Limited, Ilford.
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below the space occupied by the new unit as they caused
a local hot spot which impaired the oven temperature con-
trol during the initial tests.

The original crystal oscillator valve in the 1131 is now
used as a buffer, but otherwise there are no circuit modi-
fications. The place normally occupied by the crystal on
the front of the driver panel is now taken up by a small
assembly bearing a lamp to monitor the action of the oven
thermostat, and a co-axial socket to provide an output point
for a signal for frequency checking, which process will be
described later.

Anode and heater supplies for the crystal oscillator are
obtained from the driver panel, but it was found neces-
sary to run a mains-voltage A.C. line into the panel for the
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is apparent, but all connexions can be reached by open-
ing the rear doors,

The microphone amplifier is normal in construction, and
accepts signals round about —50dbm. Both expansion and
compression is employed; expansion to decrease the gain at
low levels and prevent background noise being amplified
by a live but unused microphone, and compression to limit
the output power of the amplifier, notwithstanding varia-
tions of input. In the ideal case, the amplifier would be
inoperative until a certain input level were attained, after
which any further increase in input level would -have no
effect on the output level. This ideal condition is indicated
by the full lines in Fig. 3. The dotted lines-indicate the
degree of expansion and compression actually attained.

The signal from the microphone amplifier is about
+24dbm and is fed into the local switching unit mentioned
above. This piece of apparatus is special to the scheme
and perform the following duties: —

(1) 1t contains the three switching relays and two call
registers. ' .

(2) It mixes the switching tone with the speech ready
for transmission to the TX/RX stations.

(3) It acts as a central connecting point for all the
. apparatus in each channel.

The relays perform the following functions: Relay “ A ™
is operated by an earth from either press-to-talk key, and
connects the switching tone to the line by means of a resis-
tive bridge which will be described below. Relay “B” con-
nects microphone to headphones as described above when
inter-communication between controller and monitor opera-
tor is desired.-Relay “C” is merely a locking relay for the
-controller’s intercommunication call lamp. It operates
in parallel with the controller’s buzzer and locks up to
an earth via a normally made contact on the controller’s
intercommunication key. When this key is thrown to
“Speak ” the relay releases and the call lamp is extin-

~ guished. Apart from the above functions the local
switching unit contains little of interest.
. The outgoing signal is next distributed to all the trans-
mitting - stations from which it is to be radiated. This
‘could simply be achieved by bunching all the pairs and
connecting them. to the output of the channel apparatus.
If this were done, however, each of the outgoing pairs
would be terminated not by its characteristic impedance,
but by a fraction of it, determined by the number of pairs
and the output impedance of the amplifier. The correct

termination could, of course, be achieved by a system of -

transformers, but even then there would remain the further
disadvantage that a noise or possible short circuit on one
pair would effect.every other and put the whole channel
out of service. In fact, the distribution is performed by a

passive resistive network resembling the Wheatstone
Bridge. In Fig. 4 (a) is shown a bridge with six equal
resistors. As is well known, any current flowing in arm

e due to EMF. E will cause EM.F: of E/2 to appear in
each of the arms a, b, ¢ and d, and no E.M.F. will appear
across f. Hence e and f are completely decoupled and the
loss between e and, say d is 6db. By symmetry, a similar
current in f produces no E.M.F. across e and E/2 across d.

If now the circuit is redrawn as in 4(b) the resistors d,
e, f may be considered as the characteristic impedances
of the three transducers, e.g., an amplifier and two trans-
mission pairs, and resistors, a, b and ¢ are fixed equal non-
reactive resistors. .

As described, the device acts as a mixer, signals in e
and f appearing in d with a loss of 6db. Clearly it must
also act in the same way in the opposite direction, and a
signal in 4 will appear in two parts, each 1 of the power
of the original in e and £, the remaining half of the power
being dissipated in the resistors, a, b and c.

Turning to Fig. 4 (a), it is also well known that if a
signal is applied across e, and f is short circuited, or dis-
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connected, there is no re-arrangement of the currents in
the rest of the bridge. The effects of this in Fig. 4(b) are
seen to be that no matter what happens to one of the
pairs the other is not affected.

In the present application, more than two- outlets are
required for each channel, and so the signal is split three
times in succession, giving a total of eight stations to which
the signal may be distributed. The loss in the whole device
is 18db. .

While any cross-talk between lines connecting one chan-
nel to a number of transmit/receive stations woulq not
be noticed, since all lines are carrying the same signal,
cross-talk between channels would be most objectionable.

It was laid down in the specification that one (duplicated)
Tone Switching oscillator was to feed to channels up to
a maximum of eight. The output of the oscillator-is there-
fore a bunching point between channels, and special
arrangements had to be made to feed tone to all channels
in parallel without mixing the speech. This was achieved

(a) Fig. 4. - Splitter and combiner (b)

by an arrangement similar to that described above in the
distribution network. -

Three resistors and the input .of the distribution network
are arranged as the diamond mesh of a Wheatstone bridge,
and the speech input and tone input as the diagonals. Pro-
viding the impedances of the mesh are equal, there can be
no cross-talk between the diagonals. Hence, all the tone
input connexions can be bunched and connected to a low
impedance bus-line fed from the oscillator.

Receiving Circuits

The signal from the transmit/receive stations appears
at the control centre on post office pairs at a level of
about —10dbm. Each circuit passes via the pair of relay
contacts mentioned in connexion with the monitor opera-
tor’s apparatus to a mixer unit exactly as described above
for the splitter unit. In fact, both mixer and splitter are
accommodated in the same panel unit. The signal is then
amplified in the channel amplifier (RCV) to such a level
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The M.C.A. - V.H.E. Area Covérage Network

Audio Frequency Distribution By J. L French *

The following article describes the audio frequency equipment required for the M.C.A.-
V.H.F. area coverage network (see ‘' Electronic Engineering,” March 1951)

THE main problem is to put the controller for each
channel on the air at a number of stations

simultaneously. With all his other duties to be considered,

it was obviously impossible to expect him to operate more
than one key and the apparatus on his key panel was there-
fore limited to a press-to-talk key of the locking .type, an
mtercomimunication key by which he can talk to the
monitor operator, and a buzzer and lamp by which he can
be called, together with a pair of potentiometers for adjust-
ing the volume in his (duplicated) headphone to a level to
suit local conditions. The potentiometers cannot be turned
to zero, hence the receive side of the channel cannot be
cut off deliberately or inadvertently.

The monitor operator maintains a continuous watch on
each channel and relieves the controller of a certain
amount of routine work. His apparatus includes a press-
to-talk key in parallel with that on the controller’s key
panel, an intercommunication key and volume controls

energize the transmitters, so the conversation is not
radiated, but incoming signals are unaffected, so that the
channel is never left unserviceable. Signalling by buzzer is
effected between monitor operator and controller by throw-
ing the intercommunication key upwards. In addition
there is a lamp on the controller’s key panel which glows
until cancelled by operation of his intercommunication key
in -the * Speak ” direction.

Every incoming speech pair on the channel has, as
described above, a VU meter permanently across it. It

will be realized that when a number of circuits are-

bunched, any one which is noisy may obliterate the signal
on the others. Any line on which the signal, as observed
‘on the appropriate VU meter, exhibits unusual phenomena,
can be instantly disconnected by pressing the key associated
with the meter. This extends an earth to the line cut-off
relay in the apparatus room and disconnects the offend-
ing line.

2460
S—v speak
'“—0_4-0 ~_
P—= : ~Z SPEECH
CONTROLLERE— | —1=— ~Z '
@E&%R [> tsu | xmr % ‘ T 2460 TO TRANSMITTER
- s RCy -SHAR FROM { |72 SWITCHING
- 70 J TO STATION | ATCE ~
5 spea — E— L
‘ q | rRCv —é
CONT. H . <
: TO ATCC ~ FROM RECEIVER
MON, O Y H SPLITTING T
2460 & RC
COMBINING RCY 35 STATION 2
— UNITS: XMT
RCV
[—— )y —
CHANNEL 2 SIMILAR Lsu § )
LOIELEE ’ 2 e Fig. 1 (left). Block diagram ATC Centre
7
z .
Fig. 2 (above). Block diagram TX/RX Station
g
0 o — q |1 Rcv 3
[ .
: 1 In the apparatus room at the Air Traffic Control Centre
. is found all the rest of the apparatus shown in Fig. 1.

for the duplicated headsets. In addition there is a push-
button, a row of keys and meters (one set for each trans-
mit—receive station connected to the channel).

It was considered advisable to include a semi-automatic
register of the number of calls transmitted and received.
The press-to-talk key operates by a spare contact a meter
(Post Office No. 100) in the local switching unit in the
apparatus racks, thereby registering the number of calls
originated from the ground. A .similar meter is energized
by the monitor operator’s push-button, which should be
pressed every time an incoming call is received.

Intercommunication between controller and monitor
operator, when the channel is otherwise disengaged, is pro-
vided by connecting the output of the microphone ampli-
fier (to the input of which both controller’s and monitor
operator’s microphones are connected) back to the head-
phones, all of -which are in parallel, through a suitable
fixed attenuator. The intercommunication keys do not

* Line Telecommunication Laboratory,
The Plessey Company Limited, liford, Essex.
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Each unit is self contained and supplied with 230V 50c/s
AC. from a fuse panel at the bottom of the rack. All con-
nexions are taken into or out of the apparatus units by
multi-pin plugs and sockets, except where the unit is pas-
sive and has too many connexions for plugs.

As mentioned in the original article by D. P. Taylor,
switching of transmitters is effected remotely by a tone of
2,460c/s carried to the transmitter stations over the speech
pairs. Oscillators for this purpose are provided in dupli-
cate, and are switched to line by the operation of the press-
to-talk keys as will presently be described.

All the apparatus is mounted in cabinets which are
drilled on their front members to take international stan-
dard 19in. panels. In order to conserve panel space sub-
panels are mounted between side members fixed to the
front panel, and the heavier units are arranged to slide on
runners, thus taking the strain off the panel fixing screws
and making easier the operation of removing or replacing
a unit. The rear of each cabinet is enclosed by a pair of
doors, and all cabinets of a suite are bolted together, form-
ing a cable runway at top and bottom. No external wiring
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Fig. 4. Typical chassis layout suitable for method of component grouping

shown in Fig. 3

of drawings, one of circuit diagrams and the other of the
component layout, together with data on waveforms, etc.
It is believed that circuit tracing would be considerably
facilitated, with a corresponding increase of speed in phase
(i), if circuit diagrams and actual wiring developments
were correlated in pattern.

The general problem is to find a suitable method of
arranging and connecting the actual components (* wiring
development ) which can be readily correlated with the
circuit diagram, preferably using existing forms of assem-
bly and without seriously deviating from conventional
forms of circuit diagram. In this process the signal path
should, in both cases, be rendered as direct, distinct and
accessible as possible.

Principles of Proposed Method of Correlation .
One solution is based on the following principles: —

(i) The circuit components are divided into two sets (cf.
Figs. 1, 2).

(a)' Those directly associated with the signal path, e.g.,
“anode loads, coupling devices, grid leaks, etc.

(b) Those concerned with establishing the required
mean operating potentials for the valves, with de-
coupling of adjacent stages, etc.

(i) In the circuit diagram each group may be arranged

{HT.+,HT— ETC

SUPPLY LADDER

SIGNAL LADDER

SIGNAL PATH
BRACKET TAGSTRIP
re———PILLAR
CHASSIS
EARTHY VALVE
SIDES HOLDER

Fig. 5. A more compact alternative to the tagboard arrangement

illustrated im Fig. 4

-
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as a uniform ladder structure with the signal ladder running
horizontally above the supply ladder. The actual signal
path nodes extend along the upper side of the signal ladder,
while the two ladders will in most cases have a common
(H.1. — EARTH) side. In the wiring development each ladder

takes the form of a tag board having two spaced parallel

rows of mounting tags, or of two parallel tag strips.

(iii) In order to avoid undue lateral extension of the
actual component ladders, and to make use of all available
tags, zig-zag connexions across the tagboard may be
adopted, but in a regular manner (Fig. 3).

Although a proportion of the components (valves, trans-
formers, switches, etc.) are not amenable to tagboard
mounting and, at certain points, the need for short con-
nexions may run counter to any attempted pattern or sys-
tem it is believed that such difficulties are not sufficiently~
important to preclude a successful attempt to seek correla-
tion on the lines being described.

A simple example of the foregoing technique is shown
in Figs. 2, 3. It is particularly adaptable to the method of
construction sketched in Fig. 4,, where the tag board planes
are parallel to the chassis plane, and the chassis is fitted to
allow vertical mounting on a standard rack. The paired
tag-boards may alternatively be placed back to back with
their planes perpendicular to that of the chassis, but with
reduced accessibility, or, intermediately, the signal ladder
may be ‘mounted parallel to the chassis plane above the
valve holders, with the supply ladder at right angles to it—
this is possibly the best compromise between compactness
and accessibility (Fig. 5). ‘In either case c.R.0. monitoring
sockets may be mounted in a row on a strip running closely
parallel to the “live” side of the signal ladder thereby
allowing short direct connexions to the latter, subject to the
necessity of avoiding the throwing of appreciable additional
stray capacitance across the signal path.

Conclnsion

The object of the present note is to draw attention to the
existence of the difficulty and to indicate one method of
alleviating it. No attempt has yet been made to develop
the method or to find alternatives, but it is believed that
the complexity of electronic systems has reached the stage
where such considerations warrant investigation, since any
step which facilitates servicing is well worth while. It is
realized, of course, that there are cases such as R.F. circuits,
where the technique would be quite inapplicable, or, as
where multiple feedback loops occur, it would need careful
application. :

This article is published by permission of E.M.IL., Ltd.
Provisional patent protection has been .applied for.

Electrical Manufacturers Endow Chair at Cambridge

HE endowment of a Professorship of Electrical

Engineering at the University of Cambridge was fore-
most among the University’s post-war requirements formu-
lated in 1944. As there was a possibility that circum-
stances might prevent the plan being put into force
sufficiently quickly after the end of the war, the President
and Council of the Institution of Electrical Engineers
offered to provide the endowment of a Professorship of
Electrical Engineering for a period of five years,

On the expiry of the five-year period, the Council of the
British Electrical and Allied Manufacturers’ Association,
recognising the benefits that the electrical profession and
industry have derived from the Professorship, undertook
to raise money for its endowment in perpetuity.  The
Association has now asked the University to accept a gift
of £71,000, this being the amount subscribed by some 150
member-firms of the BEAMA, ’
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Correlation of Circuit Diagram and Wiring Development

of Electronic

Systems

A. W. Keen, M.I.LR.E,, AM.LEE.*

THE increasing complexity of electronic equipments
calls for greater attention to the problem of main-
tenance, particularly in such applications as computing and
military radar where considerable superiority in speed of
action of electronic over other methods may be rendered
futile by the failure of the equipment to remain service-
able for long periods. It is most important that when a
breakdown does occur the fault should be readily
recognized, quickly traced and rapidly rectified.

Fault Tracing Procedure

Fault tracing following recognition of incorrect
performance by the operator may be divided into three
phases :

(i) Before probing into the eduipment the mechanic
makes a systematic study of the response of the equipment

g —O+HT.

o OUTPUT

O-HT

Fig. 1.

Section of typical circuit’ diagram as comventiomally drawn

to its controls as disclosed by C.R.T. displays, check
meters, etc., and endgavours to deduce the location of the
fault as accurately as possible.

(i) Most electronic systems may be resolved into chains
_of stages, through which a signal is transmitted, and in
each stage a signal path may be distinguished (Cf. Figs.
1, 2). Hayving suspected one or more stages of faulty per-
formance it is usual to check the signal (for amplitude,
shape, etc.) at each point in turn along the signal path,
using an appropriate indicator (e.g., C.r.0., valve volt-
meter, etc.), until the point at which it is incorrect in some
respect, or even entirely absent, is reached.

(iii) Having located the defective stage the fault will

usually yield to systematic voltage-current and/or resis-
tance analysis using conventional test instruments.

In general it may be stated that-the time taken over °

phases (i) and (iii) is largely a matter of the ability of the
mechanic, given suitable test equipment. On the other
hand, phase (ii) can be considerably facilitated in the
mechanical design of the equipment. It is customary to
systematize and colour-code inter-unit and inter-bay (or-
rack) cabling but in most cases internal unit wiring rarely
follows any readily recognized pattern and signal path

® E.M.I. Research Laboratories, Limited.

ELECTRONIC ENGINEERING

144

SIGNAL PATH
@
INPUT |_ OUTPUT
Cy
SRy
<
R
& ’6) EARTH
II -
<= ==C2

Be

,‘oHTv

HT RAIL

Fig. 2. Rearrangement of Fig. 1 to assist correlation with actual
. component layout (cf. Fig. 3)

tracing is thereby rendered lengthy and tedious unless the
mechanic is very familiar with the detailed layout.

Correlation of Circuit Diagram and Wiring Development

The absence of any semblance of a pattern in stage
wiring is probably -due in most cases to the fact that apart
from stipulating that certain critical connexkons must be
direct and short, and (possibly) well clear of certain cir-
cuit points, the circuit engineer leaves the placing of
components to the draughtsman, and the wiring to the
wireman, neither of whom may be concerned with the
servicing problem or even aware of the general fault-
finding procedure. At the other extreme the engineer may
detail an arrangement of components and interconnexions,
which make all of the latter as short and direct as
possible, although this is not at all necessary in many cases.

Returning to the problem noted at the end of the last
section it is usual to provide the mechanic with two sets

Fig. 3. Ladder grouping of component layout with signal components in
same sequence as signal path (cf. Fig. 2)
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that required to alter the phase of the pulses by one micro-
second and thus a very accurate control of the frequency
is possible.

A simple explanation of the actlon of the reactance valve
is as follows: When the valve is biased to cut-off there is
no feedback from the anode and the input impedance is
represented by two 68pF capacitors and the 22k() resistor
in series, which are equivalent at 514kc/s to about 5.5pF
and 11k in parallel, ignoring the valve strays. With the
valve turned “on” the impedance is that of a capacitor
of 68pF in series with another u x 68pF, where u is the
amplification in the valve. Since u is approximately 100
this means that the input impedance is very nearly 68pF.
The valve can therefore be regarded as the equivalent of
a variable capacitance of about 60pF across the tuned
circuit of the oscillator. Since the total tuning capacitance
is about 500pF, the change in frequency is roughly 8kc/s,
or roughly lkc/s per volt change in suppressor bias. Now
the change in frequency necessary to raise the output of

the integrator from 0 to 60 volts is just under 1 part in

1,000 or 0.5kc/s.,

POSITIVE CONTROL POTENTIAL
(voLts)

corresponding to the pulse width of one

B

60V

20
10V,

2-101 2 34 ¥ . 20
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U
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&

Fig. 2. Control pofential developed at grid of V2 ag a function of relative
phase of delayed and reference pulses

microsecond compared with the delay of 1.2 milliseconds.
But 0.5 volts applied to the reactance valve would produce
the same frequency shift. It follows that this circuit re-
duces errors in the frequency of the oscillator by about 120
times. From the earlier discussion it therefore follows that
the tolerable variation in temperature has been increased
from 0.15 degrees Centigrade to 18 degrees Centigrade,
making a thermostat unnecessary, and the inherent stability
required in the oscillator is reduced from 4.5 parts to 540
parts in 10° or 0.5 per cent, which is readily obtainable
without specxal precautions.

In order to make the circuit work in practice it is neces-
sary to eliminate 50 cycle hum from the control voltage
very completely, because any frequency modulation of the
514kc/s oscillation causes serious trouble in the operation
of the calculator. The degree of freedom from frequency
modulation must be such that the modulated phase shift of
the clock pulses is less than 0.1 microseconds. To achieve
this the time constant C,R, in Fig. 3 was made 0.05
seconds and C,R, one second. In addition the screen of
the reactance valve ¥3 was fed from a neon stabilizer and
all p.c. potentials used for blas supphes were carefully de-
coupled.

The effective tlme constant o( the control system was
about a second, which made it"pdssible to tune the. oscil-
lator "slowly by hand, steadily decreasing the frequency
from a value known to be too- highs The delayed pulse

will then be later than_the undelayed pulse, and, if they
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do not overlap at all, the meter will read zero (or a few
volts). As soon as there is any overlap between the two
pulses the meter reading will increase sharply by perhaps
25 volts, then increase only slowly for 7-8 volts in the range
over which the frequency is being controlled. When the
reactance valve is fully turned on and cannot exert any
further control, the meter reading increases sharply once
more to the maximum control voltage, in this case about
60 volts. It is thus very simple to set the tuning control
at the mid-frequency of the controlled range. Once this
has been done the relative phase of the pulses can be
adjusted to the desired value, using the bias control until
the storage system of the calculator will “hold ™ pulses
correctly. This final adjustment is conveniently made
using a double beam oscilloscope with the ungated and
clock-pulse gated circulating pattern displayed on
two traces. For the maximum operating margin the un-
gated pulse should overlap the gated symmetrically. ,
It is found in practice that once the circuit has been set

up in this way it will remain in adjustment for days or even
weeks at a time, and pulls the frequency to the correct

N —>+O0V. FROM NEON
. o . STABILIZER _+250QV.

33K

€3 _ 440pF

4K7 100pF
. Var.
=V . i V2 V4 = SP6I
100K Di,D2=6D2
68K % V3 = 6F32
—»=200V. STABILIZED

Fig. 3. Circuit of integrator, reactance valve and transitron oscillator

value automatically when the power is switched on.

The author wishes to express his thanks to Mr. K.
Camm, who ably carried out the greater part of the
experimental work involved. )
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The Canberra’s Atlantic Crossing

THE English Electric Canberra which set up the fastest

time for a Transatlantic crossing, on February 21, 1951,
was fitted with a radio installation designed to meet the
very special requirements of this unique aircraft.

To ensure that the Canberra’s fighter-like performance
and manceuvrability are not impaired by the usual pro-
truberances associated with aircraft wireless aerials, the
suppressed direction finding loop recently designed by
Marconi engineers was employed, and the radiator for the
high-power commupications transmitter was a special type
of buried antenna, designed by the Royal Aircraft Establish-
ment in conjunction with the Marconi Company.

The aircraft was able to remain in perfect radio com-
munication when 1,500 miles out over the Atlantic, and it
was found that the use of the suppressed D.F. loop in no
way reduced the ranges at which bearings could be taken.
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AUTOMATIC FREQUENCY CONTROL

A Circuit for Controlling the Clock Pulse Frequency in Digital Calculators

By J. M. M. Pinkerton, M.A., Ph.D.

N digital calculators such as the EDSAC"? which use

the ultrasonic sysjem of storing the digits it is necessary
to provide a continuous supply of. “clock ” pulses at a
suitable recurrence frequency. This recurrence frequency
has to be fairly precisely related to the time delay
experienced by the pulses travelling down the delay lines,
since to preserve the pattern the delayed and amplified

_ pulses have to be gated with fresh clock pulses. This

means that a clock pulse must occur at the same time as
the ungated pulse arrives at the gate; if not, the output
from the gate will be mutilated either at its rising or fall-
ing edge. In the extreme, the output from the gate may
be either a pair of spikes or nothing at all. It is further
niecessary that the clock pulse arriving at the gate should
be the correct one, that is the pth after the pulse entered
the delay circuit and not the (p — 1)th or the (p + I)th,
otherwise the number of pulses stored in the tube would
be different from p, with disastrous results for the opera-
tion of the calculator as a whole, although circulation
might still be possible. p is usually of the order of a few
hundred, and in the EDSAC it is 576. However, the delay
in the ultrasonic tank is dependent on temperature to the
extent of about 30 parts in.10° per degree Centigrade, if it
is filed with mercury. (The temperature co-efficient of
nearly all other liquids is greater). Hence to preserve the
circulating pattern it is necessary either-to control the
temperature to suit the frequency or the frequency to suit

-the temperature. It is also possible to hold both tempera-

ture and frequency at the correct values independently.
Hitherto the practice seems to have been to adjust the fre-
quency by hand to the correct value from time to time,
or to stabilize both the frequency by using a crystal con-
trolled oscillator, and the temperature with a thermostat.
It seems preferable, however, to- control the frequency
automatically to suit the temperature which therefore need
not be regulated precisely, although, of course, if several
delay lines are used they must all be kept at the same
temperature. * ’

The variation in frequency that can be tolerated in the
storage_system may be increased .by deliberately widening

the ungated pulses before gating. In spite of this, in prac-"

tice, the permissible variation in delay is often only about
*0.1 microseconds. Therefore if the repetition frequency
is 514kc/s and 576 pulses are stored in a delay tube the

‘frequency tolerance is *0.1 parts in 576000/514, that is

about 9 parts in 10°. This is at the limit that can be
obtained from an ordinary LC circuit without special pre-
cautions. If both the frequency and temperature are .to be
held fixed at the correct values we might perhaps assign
half the tolerance to each, that is *=4.5 parts in 10°. This
corresponds to a change in temperature of 4.5/30 =
+0.15 degrees Centigrade, which means that a good
thermostat will be required. Under these conditions there
would be little margin for incorrect adjustment of either
parameter. It seems therefore that there is an overwhelm-
ing case for controlling the frequency automatically. The
circuit described below has been designed to do this; it
incorporates only well-known elements, but it is believed
to be new in application to this purpose.

The principle of the system is to compare the phase of
a pulse which has travelled down the ultrasonic delay line
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with a later pulse of the same series which has not been
delayed, and to derive a potential proportional to their
phase difference. This potential can then be used to alter
the frequency of the master oscillator producing the clock
pulses using a suitable reactance valve arrangement, thus
altering the phase differénce in such a way as to bring it
to- the desired value. It is also convenient to obtain a
manual adjustment of the frequency to which the control
circuit adjusts the-oscillator, by offsetting the controlling
potential by means of a preset .bias.

A block schematic of the arrangement is shown in Fig. 1.
The oscillator feeds a 514kc/s sine wave into a squaring
circuit to produce -square pulses about 1 microsecond wide
which are fed to various parts of the calculator and are
known as clock pulses. One clock pulse in 36 is selected
by a dividing circuit and used in the calculator as a
“minor cycle pulse.” It is also fed down the controlling
ultrasonic delay line modulated onto a 13.5Mc/s carrier.

MODULATED
OSCILLATOR

L/

ULTRASONIC AMPLIFIER PULSE
DELAY LINE WIDENER

-
IS Pulse ot [SocwAy " CONTROL|__{ CATHODE
148kfs Rtpc(i(ionIDIVIDER SOUARER I |osc ""ATORI “i VALVE FOLLOWER
Clock Pulses

-ve bigs

Fig. 1. Block schematic of automatic fr

q y control system

After being delayed it passes in turn through a 13.5Mc/s
amplifier, a detector and pulse amplifier to a widening
circuit, which lengthens it to about 20 microseconds. The
front edge of the widened pulse remains’ co-incident with
that of the delayed pulse. The widened pulse is applied
to the gating circuit together with the undelayed pulse
from the divider. -In practice this pulse is actually the
16th following the delayed pulse. This, however, does
not impair the action of the control circuit in .any way.
The output from the gating circuit is a pulse whose width

" is proportional to the phase difference between the delayed

and undelayed pulses, except that if the delayed pulse is much
too early the output pulse will be of the full width (one micro-
second). The negative gated pulse is reversed and fed to a

.diode integrating circuit D1 to produce a positive potential

varying directly as‘ the phase, as illustrated diagram-
matically in Fig. 2. The integrator output is arranged in
series with a variable preset negative potential from Pl
as shown in Fig. 3 and fed via a cathode follower V2 to
the reactance valve circuit. The variable reactance circuit
uses a type-6F32 pentode having a short suppressor base
connected as a Miller valve with a p.c. bias applied to .
its suppressor. A diode D2 prevents the suppressor being
driven positively, and since the suppressor base of this
valve is only about 9 volts the control is exercised only
over that part of the range 4B in Fig. 2, which corres-
ponds to the setting of the control P1. However, the fre-
quency shift produced by this change is much greater than
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the correct phase with the number pulse train. The dis-
tortion of the clock pulses introduced by delaying them
is, in this case, an advantage, as it tends to give a more
intense brightening pulse lasting for about 0.25 micro-
seconds. It is found that a slight differentiation of the
signal pulses produces a better shaped one, and lifts
the zeros towards the centre. The plates of the cathode
ray tube are fed from two “long tailed pairs,” with
differential bias on the grids in each case providing a
limited amount. of shift. The signal pulses are mixed with
the frame time base signal by using the two grids of one
long tailed pair. Fig. 4 shows the circuit of the frame
deflexion circuit.

This method of displaying the contents of the store of
a computor will, of course, show only one section of it at

Fig. 3. Time Base circuit

a time. It is reasonably simple, however, to provide a
switching system so that the contents of any one of a
number of ultrasonic delay lines may be displayed on one
tube by selection on a switch.

If, for example, the complete store of a computor con-
sists of 64 such delay lines, the electronic circuits con-
trolling those delay lines may be arranged in eight racks,
each rack carrying eight circuits. Then by means of two
switches, one selecting a rack, and the other (an eight way,
eight wafer switch) selecting one of the circuits in a rack,
the contents of any one section of the store may be dis-
played. The switching cannot conveniently be done on
the wires bearing the actual pulses to be displayed; it is
in fact done on control lines operating gates to which the
pulses are applied. These gates may be opened by apply-
ing an earth to the control line. Any combination of two
switch positions opens one gate only (Fig. 5) and the
contents of the store connected to that gate are thereby
displayed on the one monitor tube.

A novel feature on a machine using this system of
switching is the method of indicating the number of the
store whose contents are being displayed. In a machine
working in the binary form it is usual to give the store
positions and racks binary numbers. So in each rack the

eight units are numbered from 0 to 111. For the purpose

Fig. 4. Frame mixing and deflecting circuit .
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RACK No4

RACK SWITCH *

CONTROL DESK

Fig. 5. Arrangement for store circuit selection

of programming, however, the sections of the store are
numbered from O to 111111 (0 to 63) so that rack 0 will
control store sections 0 to 111 (0 to 7), rack 1 will control
1000 to 1111 (8 to 15) and so on.

The switches used to select the store sections have disks
fixed to the spindles below the level of the surface on
which they are mounted, and the binary numbers 0 to 111
are engraved on the disks. When the unit selecting switch
is set to select unit 101 (5) in a rack the engraved 101
appears in the right hand side of a window in the mount-
ing surface, similarly when, say, rack 100 (4) is selected,
100 appears in the left hand side of the same window. Now
unit 101 (5) on rack 100 (4) controls store section 100101
(37) and as the positions of the two disks, visible above
the mounting surface, are adjacent to each other the
number if read as a whole is in fact 100101 (37). This
arrangement is shown in Fig. 6.

The author would like to express his appreciation of the
work done by Mr. R. T. Shaw in building and testing the
instrument described.
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Condenser /leadership

—rrvom the /nsiade’/

I he most comprehensive range

of Electrolytic Condensers offered
by one manufacturer. Features
include robustness, compact con-
struction, and a very wide tem-
perature' rating varying between
— 30°C. to + 60°C. for plain foil
types.

Not only are they suitable tor
working up to the voltage stated
but they will operate up to 71°C.
at 80%, of the rated voitage.

Concentric winding ot
pure aluminium foii
and absorbent inter-
leaving tissues.

Viscous electrolyte
ensures low power
factor and long life
over wide temperature
ange.

“ALL-ALUMINIUM”’

non-corrosive internal
construction.

Full hermetic sealing
by means of special
rubberised disc.

Efficient safety vent for

Hot-tinned solder tags: fault conditions.

/' distinctive negative,

“LECTROPACK” DRY
ELECTROLYTIC CONDENSERS
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