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AUDIO GENERATOR design

g COVERS

15 ¢/s to 50 Kc/s in three stages

ACCURACY
Plus-minus 1% Plus-minus | ¢/s

SINE & SQUARE WAYE OUTPL

Full particulars in Leaflet No.SI6|L sent
on request.

ADVANCE

BACK RD, SHERNHALL ST, 'WALTHAMS il

R T ——— r AR . |

THE combination of wide-range, high
accuracy and low distortion will commend the Advance
H.1 Audio Generator to all critical Serviee Engineers.

The 15 ¢/s to 50 Ke/s coverage is achieved by the use of a

bridge type resistance- capdmty oscillator with three
ed ranges. Stability throughout is attained by a
efficient stabilizing ecircuit followed by two
amplifier stages with heavy negative feedback.
Output : Sine wave 200 microVolts to 20 Volts, plus/
minus 1 db, or Square wave 400 microVolts to 40 Volts
(800 microVolts to 80 Volts peak to peak). Measured
distortion is less than 1% at 1,000 c/s. In attractive
cream enamel sprayed steel case, 13} X 101" x 8",
Weight only 14 lbs. LIST PRICE £23: 10 : O

“ENITS§ LTD

e: LARkswood 4366/7/8
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tailor-made

flexible cables
for electronic
equipment

If you need special multi-unit low-loss
cables for electronic equipment—Ilet us design
and manufacture them to your requirements.
They may include coaxial, twin, quad and small
power or control cores in any combination.

BICC can offer you specialised pro-
duction facilities for this work. as well as the
services of skilled engineers who have tailor-
made low-loss cables for all current requirements.

Why not take advantage of this oppor-
tunity ? Write to-day and let us assist you
with your problems.

Cables on right are examples which
have been designed and manufactured by BICC
to meet specialised needs.

BRITISH INSULATED CALLENDER’S
NORFOLK HOUSE, NORFOLK

ELECTRONIC ENGINEERING ii

STREET,

Polythene-insulated
P.V.C.sheathed multi-
core cable-with micro-
phone and control
cores for film studio
use.

Multicore polythene-
insulated and sheathed
television camera
cable. Qverall dia-
meter 0.5 inches.

P.V.C.sheathed multi-
core polythene-insu-
lated flexible television
camera cable. Qverall
diameter 0.8 inches.

CABLES
LONDON,

LIMITED
wW.C.2
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CLASSIFIED ANNOUNCEMENTS

The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is : Three Imes or under 7/6, each additional line 2/6.
{The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘ Situations Wanted,' when it is added

free of charge. At the INCH RATE (if over 1”

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. Replies to box numbers lhould be addressed

to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and mzrked ' Electronic Engmeermg.

Advertisements

must be recelved before the 14th of the month for msertlon in the following issue.

OFFICIAL APPOINTMENTS

APPLICATIONS are invited by the Ministry of
Supply for unestablished appointments in Tropical
Testing Establishment, Port Harcourt, Nigeria.
(1) Senior Scientific Officer, to lead a group of
Physicists and Engineers studying the effects of
tropical conditions on Service materials and etguip—
ment, Candidates must be at least 26 years of age,
have a 1st or 2nd Class Honours Degree or
equivalent in Physics or Electrical Engineering, and
experience of radio communications or methods of
physical and mechanical testing. (Reference
A.23/51A.)) (2) Scientific Officer, to work on
analytical or biochemical investigations in
deterioration of equipment under tropical cond-
ditions. Candidates must have a Ist or 2nd Class
Honours Degree or equivalent in Chemistry, with
experience of micro-analysis or biochemistry.
(Reference F,53/5!A.) (3) Experimental Officers
or Assistant Experimental Officers to assist in the
work described above. Candidates must have
minimum qualification of Higher School Cer-
tificate, or equivalent, with either (@) Biology as a
principal subject and preferably experience in
Mycology and/or Entomology ; or (b) Physics as
a principal subject (equivalent qualification in
Electrical Engineering acceptable), preferably with
knowledge of radio and experience of performance
testing of communications equipment ; or (¢)
Chemistry as a principal subject, preferably with
knowledge of Physics or Physical Chemistry., For
this post experience of Analytical Chemistry is
essential. (Reference G.18/51A.) Candidates for
post under (3) will not normally be considered for
the Experimental Officer grade under 28 years of
age. Posts are open to men only. Appoiniments
are for an initial tour of 18 months, but further
tours may be arranged by mutual agreement.
Consideration will be given to further employment
in U.K. at end of service in West Africa, Salaries
will be assessed on age, qualifications and experi-
ence within following ranges : Senior Scientific
Officer, £700-£900 ; Scientific Officer, £400-£650 ;
Experimental Officer, £525-£675 ; Assistant
Experimental Officer, £230 (at age of 18)-£490.
A Foreign Service Allowance (exempt from
Income Tax under P.A,Y.E.) is payable in addition
varying from £200 to £350 per annum, according to
marital status and is liable to alteration in the light
of experience. S.S.0. and S.O. posts carry benefits
of F.S.S.U. Application forms obtainable from
Ministry of Labour and National Service, Technical
and Scientific Register (K), York House, Kingsway,
London, W.C.2,- guoting appropriate reference
number. Closing date, 16th March, 195).

. w2739

APPLICATIONS are invited by the Ministry of
Supply for three unestablished posts in the Scientific
Officer Class at an R.A.F, Signals Experimental
Establishment in Norfolk, Candidates should have
a Ist or 2nd Class Honours Degree or equivalent
qualification in Physics or Electrical Engineering,
with some experience on aerial problems, radio
receivers and small transmitters for airborne or
mobile use, For the senior posts the minimum age
is 26 years with at least three years’ post-graduate
research experience. Salary will be determined on
age and on an assessment of the successful
candidates’ qualifications and experience within the
following ranges (male) : Senior Scientific Officer,
£670-£860 ; Scientific Officer, £380-£620, Rates
for women somewhat lower, Post carry benefits
of F.S.S.U. Application forms obtainable from
Ministry of Labour and National Service, Technical
and Scientific, Register (K) York House, Kingsway,
London, W.C.2, quoting D.32/51A. Closmg date,
16th March, 1951. W 274

B.B.C. invites applications for post of Engineer in
Planning and Installation Department, London.
Applicants should have a good basic knowledge of
Electrical Engineering and Television, A Univer-
sity Degree in Electrical Engineering is a desirable
but not essential qualification, Preference will be
given to applicants who have had practical experi-
ence of cinematographic equipment used for sound
and picture recording and who have a wide know-
ledge of photography and the control of film
processing. A knowledge of optics and the
mechanical design of film cameras would be an
advantage. The work is in connexion with the
development of television recording processes and
the duties of the post will include the preparation
"of appropriate specifications for the manufacture
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of such television equipment, the supervision of its
installation, subsequent acceptance trials and the
conduct of relevant correspondence. Starting
salary, £745 per annum (may be higher if qualifica-
tions and experience are exceptional), rising by
annual increments on a five-year progression o
£965 per annum. The successful applicant will
become eligible for consideration for appolntment
to established staﬂ‘ (contributory pension scheme)
after two years’ gqualifying period. Applications.
stating age, qualifications and experience, to reach
Engineering Establishment Officer, Broadcasting
House, London, W.l, within seven days.

W 2729

ADMIRALTY. Vacancies exist for Electrical
and/or Mechanical Engineering Draughtsmen in
Admiralty Research and Development Establish-
ments located in the vicinity of Weymouth, Ports-
mouth, Teddington (Middlesex) and Baldock
(Hens) Draughtsmen expenenced in light
current, electro-mechanical, precision mechanical
and electromc equipment are particularly needed.
Candidates must be British subjects of 21 years of
age and upwards, who have had practical workshop
experience (preferably an apprenticeship), together
wuh drawing office expenence Appointments will
be in an unestablished capacity, but opportunities
may occur for qualified staff to compete for
established posts. The salaries offered, depending
on age, €xperience, ability and place of duty, will be
within the range £283-£510 per annum. Exception-
ally well-qualified candidates may be considered
for appointment in a higher grade within the salary
range £470-£610 per annum. Hostel accommoda-
tion is available at some establishments.
Applications, stating age and details of technical
qualifications and apprenticeship (or equivalents)
and workshop and drawing office experience, should
be sent to Admiralty (C.E.II, Room 88), Empire
Hotel, Bath, Original testimonials should not be
forwarded with application, Candidates required
for interview (at London or Bath whichever is
nearer) will be advised within two weeks of receipt
of application. W 2770

SITUATIONS VACANT

A COVENTRY FIRM has vacancies for men with
an understanding of electronic circuits ; experience
in the testing or the maintenance of radio, radar or
public address systems, would be an advantage.
Applications, in the first instance, stating age and
experience, to Box No, W 1260,

ELECTRONIC INSTRUMENT makers, Central
London, require experienced Tester., Receiver or
instrument design experience an asset. Box
No. W 2752.

RADAR DESIGNER, Development Engineer
required immediately. Work Central London ;
excellent prospects for qualified experienced man.
Leland Instruments Limited, 22-23, Millbank,
London, S.W.1, w2753

LABORATORY  ASSISTANT required for
Electronics Section to assist in work on noise in
vehicles. Minimum qualification, Matriculation
or equivalent. Reply, giving age, qualifications,
experience and salary required, to Motor Industry
Research Association, Great West Road, Brentford,
Middlesex. w2751

SENIOR DRAUGHTSMAN, capable of under-
taking the mechanical design on the drawing board

6 of precision electronic equipment, required by large

Light Engmeenng Company, East London district,
Applications, giving details of age, past expenence
and salary required, to Box No.

CHEM1$T (General) required for chemical
processes relating to radio valve manufacture,
Applicants with Inter. B.Sc. will be considered.
Write, in confidence, to the Personnel Officer,
Brimar Valve Works, Footscray, Sidcup, K\i;“2'743

ELECTRICAL AND MECHANICAL Engineers,
preferably graduates, urgently required on elec-
tronics development for factory near Manchester.
Five-day week ; good conditions, Attractive
salaries to sunably qualified persons. Full
particulars to Box No. W 2745,

CHEMIST (Male or Female) required for control
of chemical processes relating to radio valve
manufacture.  Applicants must possess B.Sc.
(Chem,) Degree. Write, in confidence, giving
experience, age and salary required, to the Personnel
Officer, Brimar Valve Works, Footscray, Sidcup,
Kent. w2742

DRAUGHTSMEN required to asist Designers.
Capable of producing detail drawin FS 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, }&,’r;s_i‘w

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 C.R.0O. and associated electronic equip-
ment, Applicants must have an Honours Degree
in Physics or Electrical Engineering (Telecom-
munications) and some industrial experience.
First-class opportunity for a man with original
ideas and a keen interest in the sub)ect (2)
Development Engmeer for work on interesting
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 Instruments Lid., Femhxll
Hawley, Camberley, Surrey.

PHYSICIST wanted for thermionic valve research.
Good Honours Degree or equivalent and vacuum
or high-frequency circuit experience essenual
Salary, £600 per annum, or according to experience.
Apply Personnel Manager, Standard Telephones
and Cables Limited, Ilminster, Somerset, W 2738

ELECTRONIC DEVELOPMENT ENGINEERS.
An important West London Manufacturing Com-
pany invites applications from both qualified
Electronics Development Engineers and Junior
Engineers. The positions available are permanent,
carry good commencmg salaries and oﬂer consnder-
able opportunity for advancement in salary and
status. The following qualifications are requued

(a) Senior Electromcs Development Engineers, at
least 3-5 years’ experience in valve circuit tech.mque
Preferably with a University Degree. Aged 25-50.
() Junior Electronics Development Engineers.
Preferably with some experience and holders of a
University Degree. Aged up to 30. Applicants
should, in the first instance, write in confidence,
giving fuu particulars of qualifications, experience
age and salary desired, to Box No. W 2737,

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

RADIO ENGINEER required for Test Instrument
Laboratory, with experience of design and manu-
facture of test apparatus, One without expenence
but having good qualifications and an mterest 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

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. Redhxll Surrey. W 2765

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, W 2757

ELECTRONIC ENGINEERING



CLASSIFIED ANNOQUNCEMENTS (Cont'd.)

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.444B,
Central Personnel Services, English Electric Co.,
Ltd,, 24-30, Gillingham Street, London, S.W.1.

W 276%

TWO capable men required for Sales Office, East
Coast factory of leading radio component manu-
facturer.  Essential qualifications, rudimentary
technical knowledge, ability to handle voluminous
and varied correspondence and paper work, and
some previous experience in similar occupation.

State age, experience and salary required, Box
No. W 2768,
AN ASSISTANT ENGINEER or Physicist

required for work on the design of specialized
testing equipment for measurements on dielectrics,
magnetic materials, semi-conductors, rectifiers,
crystals, etc. Applicants must be of Higher
National to Degree standard, ‘Some experience in
equipment design preferred but not essential.
Apply, giving full details to The Personnel
Manager, Standard Telecommunication Labora-
tories, Limited, Progress Way, Enfield, Mi%sles%xé
7

AN ENGINEER is required for work on the
development and research of vacuum valves for
communication systems. Experience in research
preferably on micro-wave valves desirable but not
essential. Applicants should possess a University
Degree in Physics, Engineering or Mathematics,
and should apply, giving full details, to The
Personnel Manager, Standard Telecommunication
Laboratories, Limited, Progress Way, Enfield,
Middlesex. w2767

RESEARCH VACANCIES exist in an Engineering
Firm engaged on the development of high vacuum
equipment and research into vacuum techniques
and processes. Applicants, one of whom will be
required for vacuum coating investigations, should
be between 21-24 years of age and qualified up to
Inter.B.Sc. in Physics or Engineering Physics.
Experience in high vacuum techniques valuable
but not essential. Progressive superannuated
positions with opportunities for continued study,
Full details to W, Edwards & Co. (London) Ltd.,
Worsley Bridge Road, Lower Sydenham, London,
S.B.26. W 2756

MARCONI'S WIRELESS TELEGRAPH Co. Ltd,
require an additional Kecturer in Electronic
Engineering at Marconi College, Chelmsford. The
applicant must be a pgraduate in Physics or
Engineering, with preferably some experience in
one or more branches of electronics, Duties will
include lecturing, supervision of experimental work,
and development of equipment for the present and
future college courses. Salary according to
qualifications and experience. Good Staff Pension
Scheme. Write, giving full details and quoting
Ref. 260A, to Central Personnel Services, English
Electric Co. Ltd., 24-30, Gitlingham Street, West-
minster, London, S.W.1, W 2727

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,

QUALIFIED and experienced Physicists or
Electronic Engineers are required for interesting
development projects at the Plessey Company
Limited, IlIford. Candidates should be British born,
between the ages of 25-35 and be able to show
ability to work on research problems without much
supervision. The posts are permanent, pension-
able and carry good remuneration, Apply, in
writing, to the Personne! Manager, Plessey Com-
pany Limited, Vicarage Lane, Iiford. W 2759

OPPORTUNITIES are offered to young men,
preferably with radio or radar service training, who
are prepared to do short-term service overseas,
by leading Manufacturers of Radio Communication
Equipment in the M.F,, H.F. and V.H.F. Field.
Selected personnel will receive factory training on
installation, test and service work generally,
Apply, stating experience, age and salary required,
to Box No. W 2750.

ELECTRON MICROSCOPE. Engineer-Physicist
required for responsible post involving the

ELECTRONIC ENGINEERING

installation and service of electron microscopes,
also sales and technical contacts with scientists
throughout the WU.K. and Western Europe.
Applicants must be of good personality, graduates
in Physics or Engineering, with experience and
practical aptitude in electronic and vacuum-physics
maintenance work of this class, and capable of
developing a real appreciation of users’ problems
and requirements. A period of specialized training
will be provided. eadquarters, London, with
extensive periods Europe, including Scandinavia,
with expenses paid. Experience in Electron
Microscopy an asset but not essential if scientific
education and practical experience otherwise suit-
able. Write, stating age and complete details
education, experience, languages and salary
required, to Box No. W 2725,

NELSON RESEARCH LABORATORIES,
English Electric Co. Ltd., Stafford, have a vacancy
for a Seaior Electronic Engineer for work on high
speed automatic electronic digital computers.
Applicants should have Honours Degree in Physics
or Engineering, with a sound knowledge of the
principles of circuit design and have had three or
four years’ experience 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. 305, to Central Personnel
Service, English Electric Co. Ltd,, 24-30, Gilling-
ham Street, London, S.W.1, w2726

TELECOMMUNICATION Engineer required by
large Light Engineering Company in East London
area. Apptlicants should have experience of design
and measurements in connexion with audio and
radio frequency equipment. Kindly state full
details including age and salary required, to Box
No. W 2754,

APPLIED ELECTRONICS, An Assistant
Engineer is required by a large firm in N.E. London
suburb for experimental work in connexion with
the industrial application of Electronics (Di-electric
Heating, Process Control, etc.). Applicants should
have fulfilled liabilities under the National Service
Act and have a good Degree (or near eguivalent)
in Electrical Engineering or Physics and some
practical engineering or radio experience. A know-
ledge of radio frequency oscillators, transmission
tine theory and radio frequency measurement, is
essential. The post offers good scope, interest, and
experience. Commencing salary will be £400 per
annum or upwards, depending on qualifications
and experience. Successful applicant would be
required to join the Staff Pension Scheme. Write,
giving full details of training and experience, to
Box No. W 2755,

WOOLWICH POLYTECHNIC, London, S.E.18.
The Governing Body invite applications for the
appointment of Lecturer in the Department of
Physics and Telecommunications, to teach chiefly
electrical subjects to the standard of the Inter-
mediate B.Sc. examination and the Higher National
Certificate in Telecommunications. Candidates
wiil be preferred who have a Degree in Physics and
a knowledge of some branch of Telecommunica-
tions, but a candidate with a suitable Degree in
Electrical Engineerine will be considered. Burn-
ham Technical Scale Salary : Lecturer, £300-
£15-£555 plus London allowance of £36-£48,
plus the following where applicable : (a) Graduate
allowance of £30 above minimum and maximum ;
(b) First Class Honours Degree, £15 above mini-
mum and £30 above maximum ; (¢} Training
allowance, £15 for each year up to three, for fuil-
time study or training beyond two years—-above
minimum and maximum ; (d4) increments for

industrial experience up to 12 years above
minimum ; (e)_ increments for full-time teaching
experience. It is anticipated that these scales will

be revised as from Ist April, 1951. Full particulars
of the post and application forms may be obtained
from the Clerk 10 the Governors, to whom they
should be returned within two weeks of the date of
this advertisement.

UNIVERSITY Students in Physics, Electrical and
Mechanical Engineering who are taking Finals
this year, are invited to send detatls of their records
to the Personne! Officer (Ref. GBLC/678) Research
Laboratories, of The General Electric Co. Ltd.,
North Wembley, Middlesex. A number of
interesting vacancies on experimental work will
occur during the summer and selected candidates
will be ipvited for interview during the Easter
vacation. Certain openings will be reserved for
men with post-graduate research experience,
particularly in the fields of Vacuum Physics and
Electronics. W 2746

DRAUGHTSMAN Designer required for Tele-
vision Laboratory, West London. Interesting job
for right man. Apply, stating age, experience,
qualifications and salary required, to Box No,
W 2744,

SENIOR DRAUGHTSMEN required in radio and
television drawing office of large company,
Applicants should have practical experience and
several years in radio or some allied drawing
office. Kindly state full details of experience, with
age and salary required, to Box No, W 2741,

SUPERINTENDENT Television Engineer required
to take charge of a department responsible for the
installation and maintenance of television receivers
in Nottingham. Some experimental work also
required,  Progressive post with scope for
advancement. Box No. W 2732,

ELECTRONIC ENGINEER for small develop-
ment section, preferably with experience in design
and layout of electronic equipment for medical
purposes. State age, experience and salary
required. Box No. W 2734,

TECHNICAL ASSISTANT required by Airmec
Laboratories Ltd., Cressex, High Wycombe, Bucks.
Applicants should have had previous experience in
Light  Engineering and  Electro-Mechanical
Engineering and have technical qualifications to the
Higher National Certificate standard. Apply to
the Personnel Officer, stating age, qualifications,
experience and salary required. W 273

A VACANCY exists for a Deputy Chief of Test in
Messrs. E. K. Cole Ltd.,, Electronics Division.
Applicants must have sound technical background
to standard of A M.L.LE.E, or equivalent. Experi-
ence of production test methods and design of test
apparatus in connexion with Nucleonic, Radar
V.H.F. and frequency modulated equipments
essential, Knowledge of Ministry inspection and
test procedure an advantage. Details, in first
place, to Personnel Manager, Electronics Division,
Ekco Works, Malmesbury, Wilts, w

VACANCY for Junior Radio Engineer for Develop-
ment work., Good general knowledge of Radio
circuits essential, together with some practical
experience. Must be capable of assembling and
wiring prototype models. Commencing salary
according to age and experience. Excellent
prospects. Apply, in writing, to Dawe Instruments
Ltd., 130, Uxbridge Road, Hanwell, W.7. W 2728

MATHEMATICIANS experienced in electro-
magnetic theory and statistics are required by
Marconi’s Wireless Telegraph Co. Ltd., Chelms-
ford, for radio research in propagation and
communication theory. Please apply, giving full
details and quoting Ref. 849, to Central Personnel
Services, English Electric Co. Ltd,, 24-30, Gilling~
ham Street, Westminster, London, S.W.I.

" W 2724

METALLURGIST required to develop a process
for the manufacture of powders suitable for iron-
dust cores. Previous experience of magnetic
materials and measurements an advantage. Please
state qualifications, experience and salary required,
to Box No. W 2723,

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
Stientists 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. ()
Engineers and Scientists for research and develop-
ment work in the following fields :—Radar, radic
and electronic circuits, microwaves, high-power
centimetric valves, vacuum and/or high voltage
techniques, servo-control and electro-mechanicat
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. gualiﬁcations required : A Degree or
Higher ational 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, Hoilinwood, Lancs.

W 2764

CLASSIFIED ANNOUNCEMENTS
continued on Page 4
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EKCO

RATEMETER

1037A

Developed in conjunction with the Atomic Energy Research instantaneous reading of the mean repetition rate of incom-

Establishment, this general purpose Ratemeter has a ing pulses up to a maximum of 100,000 per second. Pulse

self-contained high voltage supply, suitable for polarising height discrimination and paralysis facilities are provided

Geiger-Muller tubes, etc. It gives a direct and almost and a suitable external recorder may be used as desired.
An amplifier for use with G-M tubes is incorporated.

Please write for the complete catalogue of Ekco equipment
E K c 0 for the radiochemical laboratory.
E. K.

COLE LIMITED, ELECTRONICS DI!IVISION

Sales Office : 5, Vigo Street, London W.I.  ’Phone : Reg. 7030/9.

Austinlite Rotary Switches are used to control the Auto-Trans-
former regulating the A.C. supply to these Electro Plating
Rectifiers, manufactured by Partridge, Wilson & Co. Ltd.

Full details of the Austinlite 50 amp. Rotary Switch and of the
new 30 amp. switch will be gladly supplied on request.

A

hance.

PRODUCT

AUSTINLITE LIMITED, (A subsidiary of Chance Brothers Limited),
Dept. A5y Lighthouse Works, Smethwick 40, Birmingham. Telephone: West Bromwich 1051.
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CLASSIFIED ANNOUNCEMENTS (Cont’d.)

TECHNICAL SALES ASSISTANTS required by
Company specializing in uipment for high
vacuum work. Applicants 25/30 of good person-
ality and appearance and high integrity, should
have suitable training e.g., Physics, Electrical or
Chemical Engineering, Electronics to Inter B.Sc./
Graduate standard. Technical and commercial
training will be given for subsequent service in
sales office or travelling at home or abroad as
positions arise. A real enthusiasm and flair for
sales work is essential. Progressive and super-
annuated posts. Apply, with full details to Box
No. W 2761.

DEVELOPMENT ENGINEER, 25/35 years, with
Degree or at least H.N.C. standard, for develop-
ment work on equipment for photo-telegraphy
and facsimile, Mainly electronic and electrical
but with some optical work. Physicist with
engineering background on light current work
would be suitable, Salary £450-£550 p.a. Becken-
ham area. S-day week. Permanent position and
Contributory Pension Scheme, Applications, in
writing, giving full particulars of age and experience,
to Box No. W 2763

RADIO. Technical Correspondence Clerk re-
quired by manufacturers in London. Education
oot below School Certificate Standard and with
adequate technical training. Ability to deal fully
with practical and theoretical problems arising from
the servicing of radio receivers and good command
of English essential. Successful candidate will
be required to spend some part of his time in
repair and overhaul of domestic receivers. Applica-
tions, in own writing, must include full details of
education, technical training, experience and age,
and salary required to Box No. 460, cf/o, Era
Publicity Ltd., 7, Fitzroy Square, London, W.I.

a W 2762

ENGINEER or Physicist required to take charge
of section developing thermionic transmitting
valves. Honours Degree in Physics or Electrical
Engineering or equivalent, essential. Previous
experience of transmitting valves desirable. Salary
according (o experience and suitability. Apply,
Personnel Manager, Standard Telephones and
Cables Limited, Ilminster, Somerset. w2771

GRAYLINGWELL HOSPITAL,  Chichester.
Laboratory technician required for electro-
encepholography department. The duties will
include routine clinical recording and maintenance,
electronic constructional work under supervision,
and some assistance with experimental work.
Preference will be given to a candidate with some
E.E.G. experience and practical knowledge of
electronics or electro-physiological techniques, and
membership of the British Institute of Radio
Bngineers (or equivalent) is desirable. The
appointment is on a temporary basis and will be
limited to a period of two years in the first instance,
the salary being £360 for the_ first year and £375
for second. The post will be subject to the pro-
visions of the National Health, Service (Super-
annuation) regulations. Applications, stating age,
experience and full particulars, together with the
names and addresses of two referees, to be sent as
soon as possible to the Medical Superinter&i,erém

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.é\., -

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. W 2672

ELECTRICAL ENGINEERS wanted by large firm
in the Manchester area to specialise in the

ELECTRONIC ENGINEERING

laboratory development of servo-operated and
process control instruments. Apply, in writing,
stating age, qualifications, experience, salary
required, etc., marking envelopes * Meter,” to
Box No. W 2669. .

SPERRY GYROSCOPE CO., LTD., Great
West Road, Brentford, Middlesex, require Elec-
tro-Mechanical Engineer, Good academic quali-
fications and recognised apprenticeship desir-

able, Experience in electrical and electro-
mechanical methods of computation; servo
theory, and instrument design preferred. Apply

with full details of experience and salary re-
quired to the Personnel Manager. W 124

SPERRY GYROSCOPE CO. LTD., Great
West Road, Brentford, Middlesex, require Elec-
tronic Engineer. Good academic qualifications
and recognised apprenticeship desirable. Re-
quired 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. w126

SPERRY GYROSCOPE CO. LTD,, Great
West Road, Brentford, Middlesex, require
Mechanical Engineer. Good academic qualifi-
cations and recognised apprenticeship desirable.
Preferably experienced in one or more of the
following: precision mechanical design; hydrau-
lics or pneumatic servo systems; servo theory,
aerodynamics. Apply with full details of ex-
perience and salary required to the Personnel
Manager. W 128

REQUIRED by the British Telecommunications
Research, Ltd., at their research and developmerit
laboratories in Bucks., several senior radio com-
munication engineers for project work in the V.H.F.
and U.H.F. fields. Salary range £400 to £800 per
annum. _ Application forms available from the
Senior Radio Engineer, B.T.R., Ltd., Taplow
Court, Taplow, Bucks. Suitable applicants will be
invited for interview. W 2692

DEVELOPMENT ENGINEERS required by firm
in N.W. London manufacturing an extensive range
of industrial instruments and controls. Candidates
should have a good theoretical background,
preferably with a Degree, or equivalent, in Physics
or Electrical Engineering, and in addition should
have experience in one of the following : (a)
Industrial instruments and process control.
(b) Servo mechanisms. (c) Magnetic amplifier
design. (d) Application of electronics to industrial
measurements and control. The starting salary
will be according to the experience of the applicant,
ranging from £400 per annum for Junior Engineers,
to £650 per annum for specially qualified applicants.
Write Box No. W 2696, .

EX-R.E.M.E. Officer or Mechanical Engineer,
with organising ability, required to assist in the
organising of light engineering constructional
work, and supervise field trials of a novel device.
Apply, giving full details, and mentioning Ref. 487,
to Central Personnel Services, English Electric Co.
Ltd., 24-30, Gillingham Street, London, S.W.l.2

W 2706

HOUSE (married accommodation) available for
Senior Engineer for experimental work on servo-
mechanisms required for important defence project
in special English Electric Company laboratory.
Permanent post. Good experience in servo loop
design essential. Commencing salary, £700-£900
per annum. Apply, giving full details and quoting
Ref. 8444, to Central Personnel Services, English
Electric Co. Ltd.,, 24-30, Gillingham Street,
London, S.W.1. w2707

WANTED, experienced Electronics Engineer, to
take charge of investigations with effects of
vibration or electronic gear and development of
anti-vibration measures, in special English Electric
Company laboratory. Starting salary, £600-£800
per annum, according to qualifications, Apply,
giving full details and quoting Ref. 850, to Central
Personnel Services, English Electric Co. Ltd., 24-30,
Gillingham Street, London, S.W.1. W 2708

HOUSE' married accommodation) available for
Senior Engineer for experimental work on radar,
radio andfor electronics for important defence
project in English Electric Company laboratory,
Honours Degree preferable. Commencing salary,
£700-£900 per annum. Apply, giving full details
and quoting Ref. 456c, to Central Personnel
Services, English Electric Co. Ltd., 24-30,
Gillingham Street, London, S.W.1. W 2704

FERRANTI LIMITED have vacancies at their
Radio Works, Moston, Manchester, for : (a)
A young Graduate in Physics or General Science,
to assist in the General Physics Section of the
Laboratory (Reference G.P.). (6) An Honours
Graduate in Physics, interested in Thermionic

4

Emission, Electron Optics, Vacuum Techniques
and General Electronic Process work, to assist in
the Physical Laboratory on production control of
cathode-ray tubes (Reference, C.R.P.). Liberal
salary, according to qualifications and experience.
Pensionable appointment.  Application _forms
from the Staff Manager, Ferranti Ltd., Hollin-
wood, Lancs. Please quote appropriate rel&-czr}]clcd

ELECTRONIC ENGINEER required for de-
velopment work by expanding industrial elec-
known manufacturing

tronic team of well

company, Previous  experience . of servo
mechanisms and industrial process. control to-
gether with Degree of H.N.C. essential, Write

giving full details quoting reference GBH to
Box No. W 2684,

HIGH FREQUENCY Induction Heating Ap-
plications Engineer required by progressive and
expanding company specialising in the manu-
facture of high frequency equipment, Ex-
perience in induction heating essential and a
good knowledge of metallurgy would be con-
sidered as an additional qualification. The
position offers excellent opportunities for
advancement to a really energetic man having

the requisite experience. Write giving ex-
perience and salary required to Box No.
W 1213,

RADIO VALVE ENGINEERS. The M.O.

Valve Company have vacancies for qualified
engineers in connection with the development
manufacture and application of radio valves,
Please apply by letter stating particulars and
salary required to Personnel Department, The
M.O. Valve Co., Osram Works, Brook Green,
Hammersmith., W 2624

AN EXPERIENCED Valve Engineer is required
for employment at Chelmsford, Applicants
should be 25-35 years of age, qualified engineers
and preference will be given to those with
previous design or production experience of
small transmitting valves. Write giving full
details of experience mentioning ref. 497C to
Central Personnel Services, English Electric Co.
Ltd., 24-30 Gillingham Street, London,vg‘\;;.:;lz.

APPLICATIONS are invited from men aged
21-40 years for work of a permanent nature
which “offers considerable scope for advance-
ment. Applicants should have experience in
the development and construction of Laboratory
Instrumentation Equipment or _Sub-

Test or i k
Miniature U.H.F. Gear. Ordinary or Higher
National Certificate or C. and G. Telecom-

munications (Parts II and III) desirable. Salary
commensurate with  qualifications and  ex-
perience. Apply to Box No. W 2637,

RADIO-RADAR Development, Engineers ur-
gently required, accommodation available. Appli-
cations are invited from Senijor and Junior
Development Engineers, preferably with ex-

- perience of Radar or microwave technique, who

are capable of developing equipment or compo-
nents to Service Specifications. Successful candi-
dates will be employed on work of great
National importance. Write quoting - reference
CHC (5) to_Personnel Officer, General Electric
Co. Lid., Radio & Television Works, Spom
Street, Coventry. W 2642

A NUMBER of Senior and Junior vacancies for
Radio, 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. (BRIxton
3487.) w113

CHEMIST or applied Chemist with Honours
B.Sc. for research and development. Initially in
London, later at Maidenhead factory. Age up to
30. Write experience and salary expected. Vander-
vell Products, Western Avenue, London, A

LONDON HOSPITAL, Whitechapel, E.1, has
vacancy for man or woman, age 25-35, for training
as an Electro-encephalogram Recordist. Appli-
cants should have matriculation, knowledge of and
interest in electronics and an interest in the applica- .
tion of them to clinical work. Apply, in writing,
giving details of age and experience to the Se&e?]{]y.

CLASSIFIED ANNOUNCEMENTS
continued on Page 6
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Germanium diodes

have many advantages —electrical and physical, which makes a substantial
appeal to the professional radio engineer and the serious experimenter. Being so
small they can be soldered directly into the part of the circuit where they are
wanted and without any consideration of mounting methods or special holders.

They require no heater power and therefore the danger of introducing hum
does not exist, neither has screening to be considered.

A minimum life of 10,000 hours means that-they need not be easily accessible
for replacement and the special sealed and robust construction ensures immunity
from damage by vibration or atmospheric conditions.

As replacements for thermionic diodes, G.E.C. germanium diodes are always
worth considering and the main points which have to be taken into account are
reverse resistance and permissible reverse voltage. Their low shunt capacitance
will always be advantageous compared with thermionic diodes.

From the point of view of the experimental worker they are invaluable
because of their versatility, and they can equally well be used for say, an improvised
source of bias from a heater supply, a probe voltmeter at television frequencies
or in one of the many circuits of which the following are typical examples.
For further information write to:

Osram Valve and Electronics Dept., 22
Magnet House, Kingsway, W.C.2. 288k 10K
VW= BYNC.SEP
- CATHDDE DF CA.T
6EX38  HEC e 6Exaq
wh s S —}— CRID OFCRY
0:05F
Liopr 105
58K
330 [a
300pF

77

Vision Detector and Spot Limiter

T.V. Sound Detector and Noise Limiter

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2

| . _
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CLASSIFIED ANNOUNCEMENTS (Cont'd.)

THE G.E.C. is re-organising and expanding its
radio engineering development and production
.upits, both for its peacetime needs and for Govern-
mept 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-
mep, Testers and Production Engineers, with
experience of electronics, telecommunications and
radio are offered an unusual opportunity of joining
this developing side of the Company’s business.
Good conditions, excellent social facilities, interest-
ing work, pension scheme. Considerabie 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

BUSINESS OPPORTUNITIES

SWISS wholesale dealer of the radio trade wants
connexion with manufacturers of wireless parts

and accessories. Write, General-Trading, Menzi-

ken, Ct. Argovie (Switzerland), W 1257
SITUATIONS WANTED
AMBITIOUS, Energetic Electrical Engineer,

Nat. Dip., H.N.C., Grad.LE.E., desires interesting
post in/near Leeds (Yorks), experience includes
electrical instruments, light electrical machines,
radar (four years R.A.F.), electronic development
work. Box No, W 1251

LABORATORY TECHNICIAN 5

Layout and
construction valve operated equipment from
theoretical diagram, without supervision. Carry

out designers ideas. London or Home Counties
preferred, Box No. W 1252

FOR SALE

VALVE-voltmeters. R. Kitai’s versatile design
(Oct. issue). DC to 300 Mcs; v to 100v ranges,
all linear : overload protected meter ; overall
accuracy 2% FSD ; automatic HT stabilization
and zero adjust ; one scale all services ; Rinput-
20 Megs; a 50 guinea specification ; price,
assembled chassis form, 12 gns, Repetition and
experimental coilwinding capacity available. Bel
Sound Products Co., Marlborough Yard, Archway,
N.19. Tel. : c 5078 W 2747

GOVERNMENT SURPLUS VALVES. EBC33,
EF36, EF39, EL32, EF50, EF54, 6SA7, 6AC7, 807,

6]7, 4s. each. EAS0, VR78, SP41, ER34, 6H6M,
1s. 6d. each. SP61, 615, VR118, ARPI12, 2s. 6d.
each. VRI116, VUI1IlI, CV73, 3s. each. All

guaranteed. Quotauons for quantmes Carriage
extra, J. H. Dakin, 13, Church Road, Brrmlngham,
15. W 1262

FIRST BOOK about transmitters ‘‘ Radio Com-
munication Transmitters > by J. J. Hupert, Prof.
de Paul University, Chicago, USA, published by
ATA Scientific Progress Ltd., 19, Effra Road,
S.W.2, price, 24s. W 1263

\

THE
SERVICE ENGINEER’S
FIRST CHOIGE

ELECTRONIC ENGINEERING

KERAMOT Loaded Ebonite for sale. Sheets,
24 in. by 24 in. by % in. and 36 in. by 24 in. by % in.
Samples on request. Box No. W 1266.

SELENIUM RECTIFIERS. FW, 12V,
5s. 6d. 4A, 14s. HW 250V, 70 MA, 4s. Sliding
resistances, 1 ohm 12A, 4 ohm 6A, 6s. Fixed I
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, 5s. Motors squnrrel cage, 24V, 3ph, 5s.
Reductlon quantities. Letters answered Parker,
3, Longdene Road, Haslemere, Surrey. w1271

1A,

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. 117

COILS. Special inductances 1gH to 2H at RF,
singly or quantity, wound to order. Bel Sound
Products Co., Marlborough Yard, Archway,
N.19. Archway 5078. w112

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

post 94. w103

MERCURY SWITCHES are made by Hall

Drysdale & Co. Ltd., of 58 Commerce Road,

Wood Green, London, N.22. Phone BOWes
w

Park 7221-2. 107
AMERICAN MAGAZINES. One year post
free. Radlo Eleclromcs 32s. 3d.; ‘‘Audio
Engmeenng 28s 9d.; * “Radio and elevision
News,” 36s.; ‘Popular Science,”” 28s. 6d.
S.A.E. for full list from Willen Ltd (Dept. 9),
101 Fleet Street, London, E.C.4 W 108

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

PROF. KITAI’S ingenious valve voltmeter, assem-
bled complete, 12 gns. Coils, transformers’ wound,
singly or quantity. Bel Sound Products Co.,
Marlborough Yard, Archway, N.19. ARC. 5078.

W 2698

BARREL PLATING capacity available. Cad-
mium, copper, tin, and electro-galvanizing.
Packer & Son, Sion’ Place, Clifton, Bristol, 8.
’Phone : 38368. W 1246

G. A. RYALL, “ Utopia,” Mayfield Road, Herne
Bay, Kent, offers Post Free Bargains. lnstrumenl
boxes, metal, thxck gauge, black finish, size 84 in.
by 7& in, by 3% in. deep, with paxolin lid, %-in.
fixing lugs for wall or bench, and corner sockets
for panel fixing, 6s. 9d. each. Meters, 24 in. or
3% in. overall, flush type front fixing, 0-30 mA,
good make mjc., 5s. 9d. And 0-300v, 2-in. size,
square front dllto, sepa series res. FSD 5 mA,
5s. 9d. cach. Miniature instrument switches 2P,
6W, ls. 3d. 3B, 2P, 6W five-pole, total lIs. gd

W 1239

SERVO CONTROL EQUIPMENT

MAGSLIPS
Resolvers, Transmitters, Hunters,
Receivers, etc., 2° and 37 types.

SELSYNS
Power and Phase-Shifting types.

INDUCTION MOTORS AND
VELODYNES

Send for list and technical details.
Repalrfacilities for all types of [British and
American Magstips, Seilcsyns, testlequipment,
HOPTON RADIO,

1, Hopton Parade, Streatham High Road,
LONDON, S.W.I¢é.
'phone : STReatham 6165

SERVICE

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

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

accurate light engineering assemblies W 1264

TRANSFORMERS, Chokes and Coils. Quan-

tities of one dozen or more at keen prices.
Good delivery. Ruskill Products Ltd., Kings-
wood Works, Pitsea, Essex. Phone: Vange
3124. W 1216

GLASSBLOWING, repetition and scientific, by

Hall Drysdale & Co. Ltd., of 58 Commerce
Road, Wood Green, London, N.22, Phone
BOWes Park 7221-2. W 109

SPEAKERS reconed and reconditioned. Wave-

wound Oscillator, Aerial and 1.F. Coils re-
wound. Transformers Fields, Armatures re-
wound. H. Davies, ‘AM.JIPR.E, Radio &

Transformer Services Church Hlll

Quay, Chester.:

ELECTRICAL Measuring Instruments of every
make repaired and standardised. The Electrical
Instrument Repair Service, 329 Kilburn Lane,
London, W.9. Tel: Lad. 4168. W 2675

Connah’s
W 268

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.LE.T. (Dept. 337c), 17 Stratford Place,

London, W.I. w 123

WANTED

WANTED. Communication receiver in good
condition, covering 25 to 150 megacycles approxi-
mately. Full details and price to Box No. W 1258

WANTED. Copy of Bérgmann’s * Ultrasonics >
(English translation). State price. J. Birch, 9,
Poulton Road, Morecambe, Lancs. W 1255

WANTED, Transformers, preferably oil cooled,
new or secondhand. anary voltage 220 or 440.
Secondary with the range 12 volt to 24, Capacit
within the range 5 KVA to 25 KVA W 125

TRANSLATIONS

TECHNICAL and Scientific translations, English/
German/Russian.  Reliably and efficiently by
qualified staff ; 40 words, Is. Technical and
Scientific Translations, 11, South Villas, VT/%S%

PROCESS TIMERS
53" x 6" x 5}

For flush or wall mounting.

Type JPS. Hand Resetting Timer.

Type SRJ. Automatically Resetting
Timer.

BOTH SYNCHRONOUS
TPS. Ask for Lists 120 & 121|EO

t——— LONDEX LTD ——

Manufacturers of Relays
207, ANERLEY RD., LONDON, §.E.20. SYDenham 6258-3
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A Range of
Industrial Photocells

53Cvy
End-on-Series

As a result of extensive research both in
material and design Mullard now make avail-
able a comprehensive range of photocells
ideally suited for industrial applications.

The range falls into two main groups. The
caesium-silver-oxide cathode (C type) cells,
with a high sensitivity to incandescent and
infra-red radiation ; and the caesium-antimony
cathode (A type) cells, with a high sensitivity
to daylight.

Brief technical details are listed below.
Fuller information on these and special photo-

cells is available on request.

B8G Series

90CV
B7G Series
Sensi- Max
Max. Max. Max. tivity Gas.
Anode Cathode | Dark |tocolour Ambplifi
Type Base Supply Current |Current | temp. t'i) -
Voltage 2,700°K ,‘::ct‘;';
v ©A) | A | (WA
20AV B8G 150 10 0.05 45 -_—
20CG B8G 90 5 0.1 150 10
20CV B8G 250 20 0.08 28 —_
Mullard *ggAG B1G 188 2.5 8'<1)s 200 7
‘ AV BIG 5 i 45 —_
i« News Letter *90CG | BIG 90 2 01 | 125 10
you are not already on the *90CV BTG 100 10 0.05 20 -
mailing list for this service of e
advance ioformation on new 58CG | Wire-in 90 1.5 0.1 85 9
valves, please write to us for full 58CV | Wire-in 100 1.8 0.08 15 —_
particulars on  your  business :
letterheading. * These valves are included in the new Government list of preferred valves
for the services. )

M - ll Thermionic Valves
u ar -and Electron Tubes

A ‘ A (MR
INDUSTRIAL POWER VALVES - THYRATRONS - INDUSTRIAL RECTIFIERS - PHOTOCELLS [Mullard]

FLASH TUBES -+ ACCELEROMETERS - CATHODE RAY TUBES - STABILISERS AND \v/
REFERENCE LEVEL TUBES : COLD CATHODE TUBES : ELECTROMETERS, ETC.

MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2  Mvr 864 REV
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Features of the INFINITELY VARIABLE
VOLTAGE-REGULATING TRANSFORMER

Smooth control.

\

Linear scale, various

markings.
\‘ 2

Reasonable overload
capacity.

Output indepen-
Y dent of load.

118 or 230 volts
service or others if
required, —_— .
‘ _ Single or duplex
voltage outputs.

.y (Type 100 RM/2B)
Special types for 500

cycle or 2,000 cycle
etc., can be supplied. .—

Supplied with or
without screen.

Low temperaturerise. —

Ring-type laminated core.

_—

Bench or panel type mount- The illustration shows Types\ZOO (580 and
ing reversible shatft. 860 va). Larger types are made-up to 7 Kva.

32 page Catalogus V549 tells the whole story and will.gladly be sent on application.

The use of Variacs in conjunction with Auxiliary o
Transformers greatly increases their scope: one ;

important example is the provision of minutely

controllable low voltage at very dense current vo l t aQ ge C (/) n t 20 l

(500 or even 1,000 Amperes). ctr

ELECTRICAL AND RADIO LABORATORY APPARATUS, ETC.
180 Tottenham Court Road,: London, W.i, and 76 Oldhall Street, Liverpool, 3, Lancs.
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LLaminations

P

LONDON OFFICE : 47 PARK STREET, W.I.
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MECHANICAL
PUMPS

FOR MANY PURPOSES, Kinney Com-
pound High Vacuum Pumps have
rendered diffusion pumps unnecessary.
Extremely rapid pump-down by both
single-stage and compounded pumps,
alone or combined with diffusion
pumps, has greatly reduced production
times. They are already extensively
used for exhausting lamps, valves and
C.R. tubes ; sintering metals ; coating
lenses. reflectors, plastics and di-
electrics by evaporation and deposition

Hopwood

ELECTRONIC ENGINEERING

of metals and non-metallic compounds:
dehydrating oils and foods ; producing
drugs. If vacuum technique is or can
be used in your processing, Kinney
Vacuum Pumps hold out greater profits
before you.

Compound pumps absolute pressures
of 0.5 microns, single stage pumps
absolute pressures of 10 microns.

Please write for the Kinney Pump Bulletin.

STATION  WORKS, BURY ROAD, RADCLIFFE.

London Office :

THIRD FLOOR, 9 VICTORIA STREET, LONDON, S.W.I.
MARCH

1951
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CINTE L

The

But its no use guessing about the perform-
ance of an amplifier. This can only be
determined by accurate measurement.

‘CINTEL’
GENERATOR

has been especially designed
for testing the transient
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.

CINEMA-TELEVISION I.IMITED’__-

A Company within the |. Arthur Rank Organisation
FOREMOST IN THE MANUFACTURE OF

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

WORSLEY BRIDGE ROAD:-LONDON -S-E-26
Telephone : HITher Green 4600

- Northern A;en:_s: ) ) Scottish Agents: &%.
F. €. ROBINSON & PARTNERS LTD. ATKINS, ROBERTSON & WHITEFORD LTD. N — gl

287 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, $.2 EI N

MARCH
c
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Il (EDISWAN

SPECIAL PURPOSE

VALVES

e

Of particular interest

TO THE DESIGNERS OF R.F. HEATING
AND DIATHERMY APPARATUS

The ES.833 is a high mu triode particularly suitable for
use as an R.F. Power Amplifier, Oscillator or Class B
Modulator. [t is a direct plug-in replacement for the
American type 833A.

The anode and grid connections are brought out at the
top and are taken through metal-to-glass seals to heavy
current terminals. As a result of this construction the -
valve is exceptionally efficient at higher radio frequencies,
and may be operated under Class * C’ CW conditions
at a maximum input of 2 kW at frequencies up to 30
Mcs. At a reduced input rating it is possible to operate
the valve as high as 75 Mcs.

RATING
Filament Voltage (volts) \ 100
Filament Current (amps) I 10.0

Maximum Anode Voltage (volts) Va (max.) 3,000
Maximum Anode Dissipation

(watts) (Radiation Cooled) Wa(max.) 300
Maximum Anode Dissipation

(watts) (Forced Air Cooled) Wa(max.) 450

Amplification Factor 7 35
Maximum Operating Frequency
at full rating 30 Mcs*

* At high frequencies the maximum permissible anode
voltages and inputs must be reduced

HETTHT TR TR I!IIIIIIIiIIH||ilHlIHIIHHHIIIIHHIH|||!I||||I|||I||I|II|I|||||I|I|HH|||||||H||IIHIHHH|HHHHII|||||||I|IHIiIIHIIIIIIIIHHIIIII!HIIHIH!H||||||I|||lH
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Prices for valves and holders upon application.

EDISWAN

THE EDISON SWAN ELECTRIC €O. LTD., 155 CHARING CROSS RD,, LONDON, W.C.2
o o - o (R.V. 223)
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DICTOREL

@® Magnetic @ Fly-back repeater

Recording @® Chart can be .

mailed
@® Dual Purpose
. @ Elegance with

® Portable dignity
@® Chart duration—
® Ease of Control 12 minutes

@® Minimum

® Long Life Chart TN nCe

@ Self-Indicating ® New speech
Carriage erases old—

facilitates

@ Any point of correction

r‘ecording found @ Records
immediately telephone calls

An achievement of the Electronic Division of

ATELIERS DE CONSTRUCTIONS
ELECTRIQUES DE CHARLEROI

(BELGIUM) 56, Victoria Street,
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THE COSSOR DOUBLE BEAM OSCILLOGRAPHS

| ;Can this

Insirument

solve a

problem

for you?
Here are some details of Widely different ‘ih'dustries are daily finding new uses for
Model 1049 as illustrated : . . .
The Double Beam Tube presents the COSSOR Double Beam Oscillograph. Sometimes it
two  simultaneous independent provides the answer,to an industrial problem of long
traces over the full diameter of a . i . )
90 mm. screen, and provision is standing. The tracing and measurement of noise, strain

made for the measurement of
both input voltage and time upon

the calibrated dials of the instru- ” versatile instrument which is already helping engineers in

and vibration are typical everyday applications of this

ment. The Oscillograph is par-
ticularly suitable for obtaining
permanent photographic records
using the Cossor Model 1428

industries as far apart as brewing and the manufacture of

jet engines. Call on our technical advisory staff if you havé

Camera for which a Motor Drive a problem. They will quxckly let you know whether the
Attachment Model 1429 is .
available. Oscillograph can he]p you : :

COSSOR

« n Double Beam 0.S CILLOGRAPHS

PR

Please address enquiries to; -~ - &
A C COSSOR LTD INSTRUMENT DIVISION (Dept.B ), HIGHBURY GROVE LONDON, N.5.

Te/ephone CANonbury 1234 (30 linesy . .

ELECTRONIC ENGINEERING 14 MARCH 1951




L ° Operates from A.C. Mains.

® Built-in 1000 ¢/s oscillator and amplifier.

® Provision for extemal oscillator and galvano-
meter.

= Dual-sensxtmty galvanometet key to facilitate

|  final balance. ‘

® Electronic eatthmg device to reduce zero
errors and increase accuracy.

® Better than 1%, accuracy over greatet part of
mnge. » . ,

DIRECT READING
IN R, C,L,D AND Q
WITHOUT AMBIGUITY

RANGE OF MEASUREMENT

" RESISTANCE . . : o.001 ohm to 1 megohm
CAPACITANCE . . & . &« 1uuFtorocopF
' DISSIPATION (LOSS) FACTOR . . . o-1.2
INDUCTANCE. - . . . . 1pHto1o000 H
' MAGNIFICATION FACTOR (@) « . . oo
42k

| Please send me Bulletin B-642 || NAME
l describing the Impedance Bridge | appress
advertised in “Electronic
Engineering.” I

MUIRHEAD ;RECISION ELECTRICAL INSTRUMENTS

Telephone : BECkenham 0041

' : BECKE@HAM . KENT . .ENGNEA"D Telegrams and Cables : MUlRHEAl;.)S ELMERS-END

4]
4
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lnfra »ll'ed ‘
Photo conductwe cells

For Pyrometry, Spectroscopy, and
the Detection of Radiant Heat

These lead sulphide cells are the fastest
and most sensitive devices for the detec-
tion and measurement of infra-red radia-
tion in the 1 to 3 micron wavelength

region of the spectrum. They are sensitive
to source temperatures as low as 200°C,
and they respond to temperature varia~
tions within 100 microseconds.

Left: Type “M”, for detection and pyro-
metry, is of minimum dimensions
and simple mechanical construction.

Below: Type “C.17, for detection and
spectroscopy. This cell has provision
for cooling by carbon dioxide, a
feature which considerably increases
its sensitivity.

Other BTH infra-red devices include:
Nernst filaments (as infra-red sources),
special infra-red transmitting glass, and
semiconductor bolometers.

Full particulars on application.

BRITISH THOMSON-HOUSTON

THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND FY

ELECTRONIC ENGINEERING
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»f ...they’re all
KNOW-
MEN

IT isn’t always easy to resist the

4 suggestion that price is the final con-
sideration when selling in a competitive market. That is why {3 TH E
we employ a team of knowledgeable, strong-willed ¢¢ know-men *’

specially briefed to reject any compromise with quality. S W’ TCH

We at Keighley are not satisfied by the knowledge that each
switch we turn out will function correctly when it leaves our PEOPLE 22
hands — we must also know that it will continue to do so throughout
the life of the appliance it is designed to control.

Only then can our ‘¢ know-men ’’ feel satisfied that their job
is well done. And—secure in the knowledge that fundamental sim-
plicity of design, meticulous inspection at each production stage and
rugged construction have provided a more than adequate margin
of electrical and mechanical safety—they can then turn their
attention to the unravelling of the next knotty problem.

And how much extra does the discriminating appliance
manufacturer pay for this higher standard of quality? In a
word — nothing. For the price he pays for his
Cutler-Hammer Switches is immediately reflected
in longer trouble-free service, reduced mainten-
ance costs and enhanced goodwill for his product.

CUTLER'HAMMER

%APPLIANCE SWITCHES %
f I /
~—— P —

B R I T I s H N * s ¢ F. c o * I- T D @ Other British N.S.F. Products include:
K E l G H L E Y * Y o R K S ‘ OAK’ Rotary, Push-button and Slider

switches ; Carbon and wire - wound
Phone : Keighley 4221/5 Grams : ENESEF, Keighley potentiometers for Television and Radio

LONDON OFFICE : 9 Stratford Place, W.l.  Phone : Mayfair 4234 L L

Licensees of Igranic Electric Co. Ltd. for the above products of Cutler-Hammer Inc. Milwaukee, U.S.A.
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¥ =L734/F One new coaxial plug to
fit all « Belling-Lee”’ coaxial sockets,

termination boxes and cables.

PLUG BODY

LIST NUMBERS"

L734/P

Other plugs and -
sockets available.

L604/S Chassis socket.
L614 Right angle plug.
L615 Twin right angle.
L616 Line coupling.

L617 Through chassis con-
nection.

PLUG MOULDING  CENT! COLLET CLAMPING
EPIN ASSEMBLY CﬂNDUC‘I’OR 9RAID CLAMP NUT. -
INSULANT g
METHOD
- |. Trim feeder by removing 1” outer cover, # of braid and 3* of msulant o
OF 2. Slide clamping nut and collet onto feeder and splay the braid. . ~
3. Push centre conductor, as far as possible, through plug pin and bend sharply for
LOADING soldering. Solder and trim.
4. Slide collet up to splayed ends of braid and trim braid flush with plug moulding:
using knife against collet.
5. Push assembly home into plug so that collet enters it, screw nut on firmly to grip
feeder. The plug pin must be firm.
6. (See No. 2). In the case of feeder larger than }” diameter over cover, the
circular hole in the collet clamp goes over the braid only.
CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND
ELECTRONIC ENGINEERING 18

PLUG MOULDING & PIN ASSY. COLLET CLAMP
< - 2 f

1
%29~ Vi CABLES
I

/4 APPROX

This newly developed coaxial plug replaces three others. It
accepts coaxial cables of outside diameters from " semi-air-spaced
to &" solid, thus providing for 50 ohm impedance feeders.

It contains fewer piece parts, and is easier to load than any other
good quality coaxial plug.

Conforms with the draft R.E:C.M.F. Spec1ﬁcat10n for television
inlets.

The outer body being turned from solid is robust, the pin
being slightly recessed for protection. The lead may be soldered
before assembly thus facilitating cleaning, etc. P.V.C. outer cable
cover is securely gripped.
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FALKJAND OZem %Mogfwl

i EXP%'ZITION
Zva’//vsrﬁzﬂﬂvrs.

First of its kind in Polar history,
-- the Norwegian-British-Swedish Antarctic
expedition is spending 24 years far beyond
the ice-girdled coasts of a region where
man has not hitherto set foot. A primary
aim of the explorers, who are fully equipped
for scientific research, will be a complete
meteorological survey which may show why
the world is growing warmer.

o

ROSS

h ) Radar is included in the modern survey-
DEPENDE d J ‘ ing apparatus, and at the request of Mr.
G. de Q. Robin, the British party's
Australian Radar expert, we have provided
an ‘‘ Avo ”’ Electronic TestMeter and two
Model 7 Universal AvoMeters. We are
honoured that ‘‘ Avo ’’ instruments have
been chosen for such important work under

conditions so exceptionally exacting.

MODEL 7 UNIVERSAL
AYOMETER

The world’s most
widely used combina-
tion electrical measuring
instrument ; it provides
50 ranges of -readings
(current, voltage,
resistance, capacity,

The AVO
ELECTRONIC TESTMETER
Robust and portable,
this is a s6-range
instrument  combining

. the sensitivity of a
delicate  galvanometer
with the sturdiness of
an ordinary multi-range

power output and 4 meter. Basically a
decibels) on a s-inch hand-calibrated ’ highly stable D.C. Valve Mxlllvoltmeter,
scale. An automatic overload cutout it can be quickly set up for any test
safeguards it against misuse. It is requiring accuracy and negligible  load-
compact, portable and self-contained ing on the circuit. A well-designed

HLF. probe enables readings to be made
at frequencies up to 200 Mc/s. .Operates
oncloo 130V. and 200-260V., so-60 c/s
A.C.

and the small power consumption
(the total resistance of the instrument
is 500,000 ohms) makes this meter
particularly suitable for all radio and
electrical testing.

.Weeig:hfl:n&('{g;‘n.xﬂin. £|9 : IOS. Size : 12}in. x 9in. xSim £3s

Weight : 124 Ibs

PRECISION ELECTRICAL TESTING INSTRUMENTS

Fully descriptive pamphlets on application to the Sole Proprietors and Manufacturers :

Fhe AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LID.

WINDER HOUSE+* DOUGLAS STREET * LONDON ¢ S.W.,1 Jelephone: VICTORIA 3404/9,

Q.M.I
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lntroducing the Metrovick

MAGNETIC
AMPLIFIER/THYRATRON
CONTROL SCHEME

This latest Metrovick contribution to electronic engin-
eering has been developed to give control facilities
not easily provided by non-electronic means, but with

minimum consumable components for maximum

reliability, adequate performance for a variety of
industrial applications and adaptabiiity for

automatic control requirements.

Fully electronic apparatus is also available where
extremes of performance -are required at the expense
of increasing the number of valves required.

The illustrations show typical
examples as used in machine tool,
printing, plastic and rubber
industries, where the ease, range
and accuracy of control obtained .
have proved highly satisfactory,

Write for descriptive 'leaﬂels
Nos. 98/1-1 and g8/2-1 which
give further details of speed

and torque control systems.

y METROPOLITAN-VICKERS ELECTRICAL CO. LIMITED, TRAFFORD PARK, MANCHESTER 17
Member of the A.E.L. group of companics

IFNOIA@® for  simplification in electronics

H[A 102
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POINTERS

& @® O ¢

DIRECT RECORDING ON DISK

Some points about the CB/E which have made this machine the considered choice of many discriminating
broadcasting concems throughout the world

(1) HEAVY CAST IRON TURNTABLE, accurately (s) GROUND STEEL LEADSCREW HOUSING

balanced, ensures freedom from ‘wow’. TUBE provides a generous cutterhead arm bear-
ing free from side - play.

(2) TWIN DUAL SPEED FRICTION DRIVES

deslfned to reduce vibration and ground noise to a (6) HAND OPERATED TRAVERSING CONTROL
LS provides easy scrolling off and scrolling on.

(3) ROBUST MILD STEEL BASE PLATE }” thick -
ensures rigidity, stability and freedom from n PATENT.ED EI.‘ECTRO MAGNETIC .CU'ITER-
vibration. HEAD with built in equaliser, possessing excep-

tionally stable characteristics.

(4) GROOVE SPACING CONTROL gives continuous .
adjustment of pitch when cutting outside/in or (8) CHANGE SPEED LEVER provides instantaneous
inside/out. change to either 78 r.p.m. or 33} r.p.m.

Full details and technical data on rejuest.

M:S-S - RECORDING COMPANY LTD

POYLE- CLOSE - COLNBROOK + BUCKINGHAMSHIRE + TELEPHONE - COLNBROOK 284
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DUREX ABRASIVES LTD.
167 STRAND, LONDON, W.C2 and SLOUGH.

PROFESSIONAL REEL
1,000 METRES
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for

The pins illustrated in
= the seal on this elec-
tron gun assembly are
made of Nilo K. The |
pins are sealed through |
a boro-silicate glass, l
which will be joined
1o the Pyrex envelope
of a cathede ray tube, |

W”//JM/W,, 7 /A |

GLASS-TO-METAL SEALS

Single and multiple seals for a wide variety of
purposes can be readily produced with the Nilo
Series of alloys with controlled coefficients of
thermal expansion.

® Nilo K has a coefficient of thermal expansion
closely matching that of medium hard |
boro-silicate glasses over the range !
20-500°C. These glasses are used in the
construction of electronic equipment.

® Nilo 42 is the alloy used for corés of
copper-covered wires for vacuum seals in lamps
and radio valves. |

® Nilo 48 and Nilo 50 are employed for seals Qith the
softer glasses.

® Another alloy, marketed under the name B.T.H. |
No. 12 Alloy, is designed for use with soft lead
and lime glasses.

For further mformauon write for free copies of our |
publications “‘Glass-to-metal Seals” and “The Nil, 1
Series of Low-Expansion Alloys”.

HENRY WIGGIN & COMPANY LIMITED

WIGGIN STREET, BIRMINGHAM, 16,

Nilo is a registered trade mark,

sdnda
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EmidiSc

(TRADE MARK)

LACQUER RECORDING BLANKS

THE FINEST FOR LACQUER
DISC RECORDING

The “Emidise” lacquer recording blank fulfils
the requirements of the most exacting stan-

dards of Broadcasting Authorities, Film and

FREQUENCY
SCALE

—— — — — — Ll I I XX

~="5 cps.

= === 100 c.p:s.

. _ .- 200 cps.
~——— 1250 c.p.s.

Professional Recording Studios. It may be
used with confidence by the critical profes-
sional recording engineer and by the owner
of the most modest equipment.

Accurate engraving to the limits of the re-
cording equipment is ensured by these essen-

tial qualities and characteristics.

(" Crossover frequency ")

el e ~ — — — 1.000 c.p.s.

St e — — — - 5.000 c.p.s.

e TL M _ _ _ _ (0,000 c.p.5.

el e - - ~ — 15,000 c.p.s.

=== =20.000 cps.

Buchmann & Meyer pattern of a gliding tone, 20 Kilocycles

©® SUPERIOR UPPER FREQUENCY RESPONSE Willrecord up
t020,000¢.p.s. withappropriate recordingequipment

® LOW NOISE LEVEL—Average figures:
-45db. ref. level 1cm. per sec. velocity.
—63db. ref. level 8cm. per sec. velocity.
" {Cut at 78r.p.m., 9}"diameter using sapphire
cutter with 16 micron bevel.)

@ ANTI-STATIC Easy swarf clearance with brush or low
power suction systems.

@ LACQUER THICKNESS Constant over whole recording
area.

® GOOD WEARING QUALITIES
® PROCESSING Mirror-like surface ensures ideal condition for

processing (on appropriate sizes of blanks).

good shelf life and protection.
individual air separation of blanks.

to 25 cycles recorded by E.M .I. Studios Ltd., on an Emidisc
blank (Actual photograph ).

® PACKED IN HERMETICALLY SEALED METAL CONTAINERS Ensures
10” sizes and upwards have

GREEN LABEL ‘“Standard’ selected direct recording
blank—6”, 87, 10", 12” and 16" sizes.

YELLOW LABEL “General Purpose” direct recording
blank—10”, 12”7 and 16" sizes.

Types and Sizes available for all purposes

PLAIN LABEL “Audition” direct recording blank for
experimental and general testing work—10” and 12
sizes.

SILVER LABEL ‘‘Process”. The blank for processing—
117, 12%, 13” and 17" sizes.

Manufactured in Great Britain under exclusive licence from PYRAL S.A.R.L. France.

WRITE FOR FULL PARTICULARS TO :—

E.M.I. SALES & SERVICE LTD

CUNTHOLLED BY ELECTRIC £ MUSICAL INOUSTHIES LTO

DOMESTIC RECORDING EQUIPMENT DIVISION

HEAD OFFICE:

ELECTRONIC ENGINEERING

HAYES

MIDDLESEX ENGLAND
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Commentary

UNQUESTIONABLY, the ‘outstanding event of recent
weeks has been the publication of the long awaited
Report of the Broadcasting Committee 1949 under the
chairmanship of Lord Beveridge. This Committee, set
up in 1949 jointly by the Lord President of the Council
and the Postmaster General, was asked ‘““to consider the
constitution, control, finance and other general aspects of
the sound and television broadcasting services of the
United Kingdom (excluding those aspects of the overseas
services for which the B.B.C. are responsible) and to
advise on the conditions under which these services and
wire broadcasting should be conducted after December 31
1951.”

With such wide terms of reference it is not surprising
therefore that the Committee’s Report should be a massive
document of some 320 pages supported by an appendix
of another 580 pages containing memoranda submitted to
the Committee.

The Committee held its first meeting on June 24 1949
and, in all, 62 meetings of the full Committee were held in
private besides interviews and inquiries by sub-committees
or by individual members on behalf of the Committee.
After examining some two million words of evidence they
“feel justified in saying that the achievement of broadcast-
ing in Britain is something of which any country might be
proud.” They recommend, as most of us expected, that
except for what are relatively minor modifications, the new
Charter of the B.B.C. shall continue on existing lines, and
after a detailed examination of the Report we are inclined
to agree.

Apart from memoranda submitted by various Govern-
ment Departments and B.B.C. advisory committees, much
of the evidence comes from those sections of the com-
munity classified as “ Disinterested Outsiders ™, *“ Minorities
with a Message ™ and “ Outside Interests ” and with broad-
casting and television entering so much into our daily lives
it was obvious that “ the brute force of monopoly ” of the
B.B.C. would be hotly attacked.

In the main, the criticisms are aimed at those highly
controversial matters such as  sponsored programmes,
Regional autonomy, lack of impartiality and so on; and
on all these matters we refrain from lengthy comment
merely on the ground that they are non-technical and there-
fore outside our scope.

It is true that the B.B.C. has become overcentralized in
London and that in consequence, Regional interests and
outlook have suffered; but the Committee is not unaware
of this and proposes measures for devolution. We remain
unimpressed by the evidence in support of sponsored pro-
grammes and we are convinced that in spite of its many

MARCH 1951

shortcomings there is no real alternative to the monopoly
of the B.B.C.

One of the most pressing technical problems with which
the B.B.C. is faced arises from.the present congestion of
the long and medium wavebands. It has been appreciated
for some time that considerable areas of the United King-
dom, notably North and West Scotland, the Border
Country and a large part of Wales, are still without what
the B.B.C. considers a satisfactory service and the re-
allocation of transmitting powers and wavelengths under
the Copenhagen Plan, which came into operation last
March, provided no real solution. Indeed, in many areas
conditions have actually deteriorated as a direct result of
this Plan.

How important the B.B.C. considers it to provide a more
satisfactory service may be judged from an actual passage
in the Report itself, which states that “ If we were forced
to the choice, we would say that it was more important
that isolated schools and villages in the country districts
of Wales, Scotland or of England should be able to get
good reception of sound broadcasts than that urban popu-
lations already amply provided with sound broadcasting
should at once get television as well.”

Under the Copenhagen Plan the B.B.C was given the
exclusive use of one long and two medium wavelengths,
together with a further eleven medium wavelengths, which
it shared with other European countries. With these wave-
lengths the B.B.C. estimated that in the last quarter of 1950
the Light Programme was available to 98.5 per cent of the
total population at a reasonably good standard of recep-
tion by day and by night, while the Third Programme was
similarly available to 68 per cent. It was also estimated
that 85 per cent of the population could receive their own
Regional Programme and 92 per cent any Regional
Programme.

These figures by themselves, however, do not tell the
full story and they should be studied in conjunction with
those provided by Listener Research, who show that at
any given time, 63 per cent listen to the Light Programme,
36 per cent to the Home Service and only one per cent
to the Third Programme.

One may therefore be tempted to jump to the conclusion
that the Third Programme should be abandoned entirely,
in spite of its high cultural appeal, and so free for other
purposes the B.B.C.’s two shared channels on which this
programme is radiated. This might make available the
Third Programme transmitters during the daytime for
broadcasts to schools, but in our opinion no amount of
juggling with the programmes and the wavelengths will
provide the solution.

ELECTRONIC ENGINEERING



Nor do we think the answer is contained in the sugges-
tion that the Relay Services should take over these areas
of poor service.

If the B.B.C. is to remain a complete monopoly in the
dissemination of programmes, then it must set out to give
complete coverage over the whole of the United Kingdom
by the best methods it has at its disposal. The Post Office
is an example of an established monopoly and nobody sug-
gests that their postal and telephone services should be
confined to the larger cities, leaving say the Outer Hebrides
to private enterprise. That private enterprise if it took
over the monopoly completely, might provide a better and
cheaper service is, in this case, beside the point.

In our view, the only solution is that suggested by the
Committee which recommends “ the developing of v.H.F.
broadcasting with a view both to better coverage of the
whole country and to increasing the possibility of local
stations.” It is apparent from the Report that the Com-
mittee has given considerable thought to the scheme for
V.H.F. development now in preparation by the B.B.C., and
we may look forward to the not-too-distant future when
the transmitter at Wrotham is operating on a regular
schedule.

As some of our readers already know, the Engineering
Research Department of the B.B.C. began a series of tests
immediately after the war. These tests, although lengthy, did
not settle the question which of the two systems of modula-
tion—a.M. and F.M.—would provide the better service, nor
did they indicate what range of high-quality service could
be provided by a high power transmitter.

LEGEND

Aberdeen ...... Channel 4 (6F75Mc/s)
District

Kirk O Shotts...Channel 3(56 753¢/s)
Pontop Pike....Channel 5 (6675 Mc/s)
Holme Moas... Channel 2(51-75Mc/s)

Alexander .....Channel t (45Mc/s)
Patace -

o O-Im¥in | <o h Han....Channa! 3(56-75Mcfs)
7L fosm¥fm | South Devon....Channd 2 (5i-75Mls)
H d
Y, BAbst | Wenvac.........Chonnel 5 (66-75Mcf)
\M0-5mvfm .Chaanel 4 (61-75Mcjs)
'Ok mVfm ( )
Northern .......Channel | (45Mchs,
O:1myfm Treland Site
O-5mVfm
The most height for high power
Hations in 7501
0-5m¥m The mast height for Pontep Pike is

”.
The ewoct. sites & mast heights Tor
other medium power stations ‘have
not yet been determined.

BeMpst  O-imifm

O'SM/mﬁ

' HIGH POWER

I suamons
7. MEDIUM POWER
s STATIONS

;=== CALCULATED
. . URED [
o, EROM EXIST- )
ING SITE QR DERIV-

.ED FROM SITETESTS.|  O-Jm¥fm £

Map showing the proposed Television sites, service areas and
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With these objects in view, the B.B.C. embarked on the
erection of the Wrotham station. From this station regular
experimental transmissions are now taking place, the two
transmitters radiating the same programme, one using A.M.
and the other F.m.

We have had several opportunities of listening to the
F.M. transmissions with a receiver and loudspeaker
designed for such reception and we are struck by the
remarkable improvement in quality over normal broad-
casting. The difference is so outstanding that we cannot
appreciate the statement by the Post Office in their evidence
to the Committee which suggests that the higher fidelity
is not of great practical importance, and doubts whether
even a listener with exceptional musical qualifications
could detect the resulting improvement.

Almost universal support has been given to the
Committee for the v.H.F. project, although the reasons given
by the various bodies spring from a variety of causes.
The Regional Advisory Councils in their evidence all com-
plain that while it may be necessary for the administrative
headquarters of the B.B.C. to be centred in London, there
is far too much central planning of programmes with
consequent loss of cultural life in the Regions, and in the
proposed V.H.F. scheme they see the answer to their plea
for more regional autonomy.

There are, in fact, two schools of thought regarding the
best method of v.H.F. coverage. One favours a relatively
few high power transmitters suitably sited and intended
to cover the country as a whole and possibly in the future
to take the place of existing medium and long wave net-
work; the other prefers a number of low power stations
serving local centres of population, particularly where
there are keen cultural and artistic activities.

The B.B.C. has already incorporated v.H.F. aerials on the
television mast at Sutton Coldfield, and is doing so at
Holme Moss, Kirk O’ Shotts and Wenvoe. One would
judge from this at any rate that the B.B.C. does not favour
the prospect of the “ parish pump” type of radio net-
work, but intends to proceed with the high power trans-
mitter scheme which would presumably give a somewhat
similar area coverage to the television network.

At the present moment there is no suggestion of con-
gestion in the v.H.r. bands, and the Post Office, which is
the ultimate authority as regards frequency allocation and
the granting of licences, suggests that v.H.F. sound broad-
casting could be accommodated in the 88-95 Mc/s band:
but there are already a number of competing claims from
other services such as air navigation, police and radio
telephone links. We dealt at some length in the August
1950 issue of ELEcTRONIC ENGINEERING with the applica-
tion of V.H.F. to these services, and elsewhere an article in
the present issue describes the extent to which the Ministry
of Civil Aviation is employing v.H.F. for air control
purposes.

Television, too, has had its critics and a considerable
portion of the Report is devoted to how this lusty-young
infant should be brought up, but on the purely technical
side there is little on which we can comment.

The activities of the B.B.C.’s Research Department are
summarized in a succinct manner in the Report which
states that the obijects are to determine: —

(a) The most desirable standards for television, in rela-
tion to the technical and economic factors involved.

(b) The most efficient means of covering the country
within the limits of the waveband at present available.

(c) Possible means of extending coverage by the use of
wavebands not yet brought into service.

(d) The conditions in which it might be possible to
introduce a higher definition in monochrome, or colour.

These problems are obviously interconnected, and with
regard to the first it appears that the present 405 line
system is their solution and that the appropriate time for
change will be when a proved colour system has been
evolved and possible new wavebands brought into use.
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ELECTROMECHANICAL REGISTERS

as used in

Radioactive Counting Systems

By A. E. Bennett, B.Sc. *

The use of electromechanical registers (counters) in electronic scaling units is discussed
and the requirements which an ideal register must fulfil are outlined. Development
work has been underiaken, three designs being described in detail. An outline is given

of probable future developments.

IN many branches of atomic physics and radiochemistry
it is necessary to measure the amount of radiation which
is being emitted by a radio-active element. This measure-
ment takes the form of counting the number of particles
or photons that emanate from the element within a given
time. A tvpical counting system is shown in Fig. 1. It
comprises a radiation detector, a counting or scaling cir-
cuit, and an electromechanical counter. (The electro-
mechanical counter will be referred to as a “register ’,
to avoid any confusion with a Geiger Muller Counter).
The detector may be either an ionization chamber, a Geiger
Muller counter, or a scintillation counter. In all cases its
function is to produce a voltage impulse each time a photon
or particle passes through it. Since the rate of arrival of

' RADIATION
PARTICLES
OR :
FHOTONS
1
| 1
il
! L1 1’ !
ELECTRONIC ELECTROMECHANICAL
DETECTOR [-»—  (scaLNG) [ TER
CIRCUIT . (REGISTER)
\
Fig. 1. Typical radioactive counting system

particles at the detector may be as high as 60,000 per
minute, it is often impossible to feed these output pulses
into any form of register. Consequently, a scaling circuit
capable of high speed operation is interposed between the
detector and the register. This reduces the mean rate of
pulses at the input of the register to a figure which is
within the capability of that unit.

In a ccunting system such as this the various component
parts have finite resolving times, i.e., after they have been
actuated a certain recovery time must elapse before they
are able to respond to another pulse. Also since the
photons or particles are randomly distributed in time, a
certain fraction will arrive during the insensitive periods,
and in consequence will not be counted. A number of
theoretical papers’**®, have been written which explain in
detail the relationship between the maximum counting
rate (for a specific counting loss), and the characteristics
of the component parts of the counting system. In all
counting experiments careful consideration must be given
to these factors in order that the unavoidable losses may
be kept within prescribed limits.

It is known that the resolving times of some detectors
(ionization chamber, scintillation counter) are comparable
to or less than that of the input stage of an electronic
counting unit, and in general these two times must be taken

* A E.R. E Harwell.
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together. If N, is the actual or true counting rate and r
is the combined resolving time, the maximum rate at which
particles will be recorded N, is given approximately by
Ny = N, (I — 7). The value of r for a good scaling cir-
cuit may be as low as 1 microsecond or less and conse-
quently it will be able to count at quite high rates with
small losses. On the other hand, it has been shown that
the counting losses due to the register depend not only
on the resolving time of the register, but also on the scaling
factor of the preceding electronic stages. This is well
illustrated by Figs. 2 and 3, which have been taken from
a paper by Blackman and Michiels.” Fig. 2 shows how
the maximum counting rate (for a 0.1 per cent loss) de-
pends on the scaling factor, and the resolution time of the
register. Fig. 3 shows how the counting losses vary with
the average rate of entry of particles into the detector,
and the scaling factor, in the case of a register with an
effective resolution time of 1/10th second. These curves
show that if a system with such a register has to handle
a range of counting rates which may go up to 40,000 or
60,000 per minute, then it is necessary to precede the
register with at least a scale of 100.

When a counting system is being designed it is customary
to include the register in the electronic scaler, the whole
system being referred to as a scaling unit.  Since most
registers are considerably smaller and cheaper than the
equivalent number of electronic stages, an ideal unit should
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comprise a minimum number of electronic stages, followed
by a compact reliable register, capable of the highest
possible counting speeds and long life. However, before
a decision can be reached on the number of electronic
stages to be included in a scaling unit, careful consideration
must be given to the losses introduced by the relatively
slow speed register, power consumption, presentation of
display, reliability of components, life of the register and
the cost. With these points in mind a detailed study has
been made of numerous existing types of registers, and as
a result of the survey several new types have been designed
and tested.

Observations on Existing Registers

When the first scaling unit was designed at A.E.R.E. it
was essential to use the most readily available register.
Because of this, and the fact that it was both small and
cheap, the Post Office telephone call meter was chosen.

The P.O. telephone call meter is a four digit, non-
resettable register with a small face area requiring an
operating current of 15 milliamps (0.5 watt), and as its
name implies it was originally designed to record the
number of calls made by a telephone subscriber. The test
specification only calls for a register to be operated
300,000 times at a rate of 30 counts per minute (a speed
far in excess of its normal operating speed): each register
should be capable of operating 75,000 times without a
failure and the total registration failures in the complete
test should not be greater than 5. In its scaling unit
application it may be used at speeds of at least 8 counts
per second, and in fact it has been known to count as high
as 15-20 per second after suitable adjustment. Con-
sequently it cannot be reasonably expected to have a very

long life. Tests made on a large number of registers have -

shown that when they are operated at a speed of 4 impulses
per second they can be relied upon to count consistently
up to approximately 300,000-500,000 counts (2-3 weeks life).
Beyond this figure they begin to lose occasional counts,
this loss steadily increases until finally the reg'ster develops
a major mechanical fault. This loss of an occasional
count is a very insidious fault which may remain un-
detected for a considerable time, and can of course give
rise to endless reading errors.

The only method of detecting this type of fault is to
make an independent check on the counting rate, i.e., use
two or more registers in parallel. -

Another disadvantage of the P.O. call meter is. that ijt
cannot be reset to zero. This may appear on first sight to
be trivial. and indeed may not orove a disaivaataee to the
individual research worker, but it is well known that when
one is dealing with a large number of results, considerable
errors may be introduced through incorrect subtraction of
register readings. :
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These tests also showed that a number of registers did
have reliable lives of several million operations, but a
good register “could only be identified by testing it to
destruction in conjunction with a number of other
registers. Consequently, it is not safe to assume that any
register has a life longer than 300,000-500,000 operations.

Subsequent to this series of tests several commercial
registers (including both low and high speed models) were
examined and life tested, and it was found that although
most of them were satisfactory in the application for
which they had been originally designed, none was ideally
suitable for use in a scaling unit, since they had inherent
disadvantages such as short life, unreliability, high power
consumption and in addition they would not be reset.

As a satisfactory commercial register was not available,
a programme of work was initiated with the object of
developing one. It was known that several laboratories
had built high-speed registers for particular applications, -
and that speeds between 200 and 2,000 counts per second*
had been achieved. A number of these designs were in--
vestigated, one or two to the extent of actually building and
testing models. However, it was found that these speeds
were obtained by virtue of the fact that the registers were
small and delicate instruments, and it was felt that they
could pot be used for general purpose counting where they
would be handled by operators who were not instrument
makers. .

This method of approach was therefore abandoned, and
effort was concentrated on building several completely new
designs.

New Developments
Hicu SPEED IMPULSE MOTOR

The first model which showed any success was developed
around a new type of Impulse Motor.* This was an
unorthodox type of motor in which the actuating member
gyrated instead of rotated. It was originally designed to
produce high torque at low speeds. A sectional view of the
motor (B.T.M. Type) is shown in Fig. 4. It was built in the
form of a cylindrical shell 1% in. in diameter by 3 in. long,
divided into two equal parts by a thin metal diaphragm.
Each half was provided with a field coil assembly very
similar to that of a conventional two-pole motor, but the
two sets of poles were arranged at 90° to each other, thus
virtually making a four-pole motor.

Instead of a normal rotor assembly the diaphragm
carried a hollow stesl shaft, of such a length that the

GYRATOR
ENERGIZING
coiL

METAL
DIAPHRAGM

Fig. 4. Exploded view of impulse motor

ends of the tube lay between the respective stator poles.
This hollow shaft was magnetically polarized by an
energizing coil wound on either side of the diaphragm, and
as the stator coils were energized in sequence so the ends
of the shaft were attracted to the four stator poles in turn.

One end of this shaft was fitted with a 99-toothed gear
which moved inside an internally cut 100-toothed gear.
The latter gear was mounted on the output shaft of the

* Manufactured by Sccphony Ltd.
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motor, which passed through the hollow tube, having a
bearing at each end of the cylindrical case.

When the stator coils were energized in sequence, the
ends of the:' hollow shaft were attracted to the 4-stator
poles in turn, and the 99-toothed gear traced a circular
path within the 100-toothed gear, (gyrating instead of
rotating). These two gears gave a single stage of eccen-
tric epicyclic gearing, and further, since the 99-toothed
gear could not rotate, the 100-toothed gear (mounted on
the output shaft) was compelled to roll round the inner
gear, and in fact one gyration of the hollow shaft resulted
in the output shaft rotating 1/100th of a revolution.

The application of impulses to the stator coils thus
produced incremental movements of the motor shaft,
which could be used to drive a suitable indicator

High-speed escapement register

Fig. 5.

such as a revolution counter. Various methods were
devised for impulsing the stator coils in turn; in one scheme
the four stator coils were made part of the anode load
of a four-valve ring circuit, which was driven by the
incoming pulses. With this arrangement the register
counted at speeds up to 1,300 impulses per second, but
it was quite difficult to read, since one revolution of the
output shaft was equivalent to 400 counts. A similar
method of driving this motor has been described by K. J.
Brimley,® who has incorporated it in an “ Electronic Stop-
watch ” to count the number of cycles of a standard
oscillator occurring within an unknown interval of time.
To overcome this reading disadvantage the four stator
coils were made the inductance arms of = or T section
delay networks, so that as an impulse passed down the
system it energized the four coils in turn, and consequently
moved the output shaft 1/100th of a revolution. With
this circuit it was possible to obtain counting speeds up
to 300 pulses per second, but it was soon apparent that
there were several serious limitations which would prevent
this device from being generally used as an impulse
counter. These included such limitations as the inherent
bias of the metal diaphragm, which varied in magnitude
and direction from motor to motor, the high operating
current of the stator coils, and the need for the energizing
coil on the gyratory shaft. Furthermore, as the number
of components in the driving circuits was steadily increas-
ing it would have been more economical to arrange them
in the form of a decade of electronic scaling, followed
by a slower speed register.

Consequently it was decided not to continue with any
further work on very high speed registers, but to concen-
trate on developing a register with a maximum speed of
50-100 counts per second. It will be observed from Fig. 2
that the counting losses introduced by such a register when
operating with a scale of 10 would be less than 0.1 per
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cent for enfry rates below (9,000-18,000) counts per minute
respectively, and similarly for a scale of 100 the limiting
rates would be (216,000-426,000) counts per minute. A
.combination of scaler and register such as this would be
satisfactory for most counting experiments.

HicH SPEED ESCAPEMENT REGISTER

In this model ¥ (Fig. 5) the units and tens digits are
indi¢ated by a pointer moving round a 100-position dial
while a further 4 digits appear on a small resettable drum
type register. .

The register uses a novel driving mechanism which is in
effect an inverse escapement. This type of movement
entirely eliminates the need for adjustable pawls and stops,
and thereby reduces mechanical adjustments to a minimum.
In fact no provision is made for any further adjust-
ments after the register has been~ assembled and tested
by the manufacturer. ' .

The inverse escapement comprises a double ended pawl,
which when rocked by an electromagnet drives a 100-
toothed ratchet wheel forward tooth by tooth. --One end
of this pawl (4) Fig. 6 is normally held in €ngagement
with the ratchet wheel by a .spring, -Whend -the electro-
magnet is energized this end (4) is lifted clear .of the' teeth,
and simultaneously the other end of the pawl (B) engages
the ratchet wheel arid moves it round by half a tooth
pitch. On releasing the electromagnet, the return spring
forces the pawl back to its normal position, and in doing
so, the end (4) moves the ratchet wheel forward again by
a further half tooth, giving a total movement of one tooth.

The teeth of the ratchet wheel and the ends of the pawl
are so shaped that the pawl acts as a catch in addition
to its normal function of driving the ratchet, and thus it
prevents any over-shoot. 1t is, however, possibleé to rotate
the ratchet wheel by hand in the reverse direction; this
enables the register to be Teset to its zero position.

The shaft of the ratchet wheel is extended to carry a

- pointer which moves over a scale calibrated 0-99. It also

cz_ir_ries a cam which controls the movement of the four-
digit drum type register in such a way that this subsidiary
register records one impulse as the pointer moves from

Fig. 6.

Schematic of escapement register

SUBSIDIARY REGISTER

RESET SPINDLE

SUBSIDIARY
REGISTER
OPERATING CAM.

I\ARMATURE

ELECTROMAGNET

This discrete movement of the subsidiary register is a
great improvement on ‘the continuous gear train (Gas
Meter type of display) which is used in several American
models, since it eliminates the possibility of -taking an
ambiguous reading. 0 .

—

+ The production version of .xhis.fegisler is beiﬁg made available as a
commercial article by Davis, Wynn and Andréws Ltd., Cheltenham.
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Fig. 7. Motor-driven register (outside view)

The “carry” mechanism for the drum type register
imposes a considerable load on the register, and con-
sequently it" has been found necessary to design a low
impedance magnet coil (100 ohm). The nominal operating
voltage is 50 volts D.c., but the maximum permissible
wattage dissipation of the coil is exceeded if it is left
permanently energized, so it is essential that the length
of the operating pulse be kept to a minimum. Tests have
shown that this model has a maximum counting speed of
70 impulses per second (operating voltage 200-300 volts)
when operating on a minimum pulse width of 8 milli-
seconds. At this counting rate the mean current con-
sumption is approximately 100 milliamps.

Life tests have been carried out—the registers showed
no signs of wear after operating 10® times at a rate of 50
per second. Comparative tests of the accuracy of counting
gave good results, agreement being within 0.01 per cent,
and although it has not yet been definitely established, it
was felt that these errors were due to faulty operation
of the subsidiary register.

The register has been designed to mount on any
standard panel, its overall dimensions being 5 inches in
diameter by 2 inches deep.

Various driving circuits have been designed to overcome
the need for a large 50 volt D.c. supply; e.g., the register
has operated in the anodes of thyratrons and pentodes, and
in such circuits it was possible to increase the maximum
speed up to 100 impulses per second. A novel circuit has

been designed which enables the register to be operated -

from the charge held on a capacitor. Each incoming pulse
triggers a Ferranti ** Neostron ” tube (this is a cold cathode
discharge valve capable of handling large momentary
currents) which in turn instantaneously charges a capacitor.
The capacitor then discharges into the register, which is
connected in parallel, and the register operates. With this
circuit the large D.C. power unit is replaced by a relatively
small H.T. supply, and further, the register is made more
flexible because it can be operated from either a voltage
pulse, or from the closure of a relay contact. It is impor-
tant to note that this contact has only to be capable of
carrying a few milliamps of current, since the large
current required by the register is handled by the capa-
citor and the Neostron tube. Extensive tests have proved
this method of operation to be both accurate and reliable.

ELECTRONIC ENGINEERING

MotorR DRIVEN REGISTER *

This register (Figs. 7 and 8) has been developed around
a conventional revolution counter, such as is used in all
coil winding machines, because it was well known that this
type of register was extremely reliable when run at speeds
equivalent to 50 steps a second, ie., 300 revolutions per
minute.

Some thought was given to the possibility of designing a
magnet system which would be capable of starting and
stopping a revolution counter at this speed. It was soon
evident, however, that to obtain high reliability it would
require large moving parts to handle the relatively high
inertias of the counter. This would have resulted in a
large, noisy and inefficient drive.

The difficulty was overcome by designing a novel high
speed clutch which, when energized, couples a continuously
running motor to the revolution counter, and remains
operated until the register has moved through 1/10th of a
revolution, i.e., recorded one digit.

The clutch (Fig. 9) is very simple in construction, being
nothing more than a four-coil helical spring wound onto
a shaft driven by the motor. One end of this spring is
attached to the clutch housing, which in turn is coupled by
an idler gear to the revolution counter. The other end
of the spring is attached to a very shallow 10-toothed
ratchet wheel, which runs concentrically on the driving
shaft. The ratchet is held in position by the tip
of a light electromechanical latch (a modified Siemens
high-speed relay). When this latch is operated, the
ratchet (and the spring) is free to move; friction be-
tween the spring and the shaft then causes the spring to
coil itself on the shaft, instead of slipping over it. As the
load increases the spring grips tighter and tighter, until
it actually rotates with the shaft, thus establishing a positive
drive to the revolution counter. The driving circuit is
such that the latch is released immediately the ratchet
tooth has passed beneath its tip, so that it is immediately
ready to arrest the next tooth on the ratchet wheel. When
this occurs the end of the spring which is fastened to the
ratchet wheel is arrested, but, as the driving shaft con-
tinues to rotate, the other end of the spring rotates as well,
and in doing so unwinds the spring until it just slips on
the shaft, and consequently disconnects the drive to the

* United Kingdom Application No. 289/48. This register is being made
available commercially by English Numbering Machines Ltd.

Fig. 8.

Motor-driven register (inside view)
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revolution counter. The spring then continues to slip on
the slhaft as long as the latch magnet holds the ratchet
wheel.

The instrument has been designed as an entirely self-
contained unit operating from the 230 volt A.c. mains
(power dissipation 25 watts). It incorporates a 230 volt
A.c. hysteresis motor, and also a very small power pack
which provides the necessary D.c. voltage to operate the
latch magnet. The register records an impulse each time
the input leads are short circuited. It is made independent
of the length of the input pulse by a clipping circuit
(within the unit) which ensures that the electromagnetic
latch is only energized long enough to allow one ratchet
tooth to pass the tip of the latch. It will not respond to
a pulse of less than six milliseconds. The maximum
counting speed is limited by the speed of the driving
motor and the gear train to approximately 60 counts
per second.

The model is fitted with six counting wheels, i.e., it
will record up to 999,999 impulses, and it may be reset
to zero by depressing a single lever. In its present form
it is intended for bench use, the overall size being
approximately 6 in. cube. )

Several models have been tested for periods of 1,000
hours and more, at a rate of 20 impulses per second, and
have proved to be both accurate and reliable, the. total
error for this extended period being less than 1 per cent.
No appreciable wear has been detected on either the
spring or the associated driving shaft. No trouble was
experienced with the revolution counter since it was
specially chosen to give a long life at high speeds, the
units drum and carry pinions being made of hardened
steel. -

Fig. 9. "Schematic of motor-driven clutch mechanism
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Future Developments

The advent of a new cold cathode decade counting
tube (announced by Messrs. Ericssons, S. T. and C. Ltd,,
and Remington Rand Ltd.), has made it possible to design
an extremely simple electronic register which may replace
the electromechanical register in many applications. These
valves (Dekatrons)® are gas filled tubes which have ten
stable glow positions. The discharge moves from position
to position as impulses are fed into the valve, and by a
special arrangement of the electrodes an output signal
is given as the glow passes from the 9 to the 0 position.
Another useful facility is that the -“Dekatrons may be
easily ‘reset to' their zero _positions. One small difficulty
is that the output signal is not large enough to impulse
another Dekatron; but it has been found-possible -to use

Ya triggered neon (G240/2D) as a buffer, valve: befween
*uccessive scaling tubes.
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An experimental register has been built with these
valves and found to be capable of counting at rates up
to 400 counts per second. This model is built on a
standard 3-in. Post Office panel, the valves being mounted
on the panel so as to facilitate viewing the position of
the glow. The unit occupies considerably more space
than either of the two registers previously described,
because it is necessary to provide a stabilized w.1. power
supply, but the current consumption is very small, being
only 2-3 milliamps. However, if a scaling unit was
designed to incorporate only one decade of hard valve
scaling followed by a number of Dekatrons it would be
satisfactory for a large number of applications; and its
overall size might be slightly less than an existing scaling
unit, since there would be a reduction in the size of the
power pack, and the Dekatrons would be mounted on
the front panel instead of the chassis.

There is still a requirement for a small resettable electro-
mechanical register when it is necessary to mount a large
number of units together, e.g., in a pulse amplitude
analyser. An experimental model has recently been
produced which will meet this specification. This new
register is almost identical with the Post Office call meter,
having the same frame and magnet system. The final
models will have number wheels similar to the Post Office
register, but the total face area will be increased by
approximately 10-20 per cent to accommodate the reset
mechanism.

This article has been published by permission of the
Director of the Atomic Energy Research Establishment.
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Bristol Channel Television Transmitting
Station

A FTER negotiations for a site for the high-power tele-
vision transmitting station to serve the Bristol Channel
area, the B.B.C. has now agreed to buy land on St. Lythan’s
Downs, near Wenvoe, about five miles to the west of
Cardiff. This site has been approved by the Postmaster
General, and the station will be known as the Wenvoe
Television Transmitting Station.

The Wenvoe site is 400 ft. above sea-level and covers an
area of about 25 acres near the Cardiff-Swansea road. On
it will be constructed a building for the transmitters, a sub-
station, and a 750-ft. mast similar to the one at Sutton
Coldfield. The contract for the mast has been placed with
British Insulated Callenders Construction Co., Ltd,, and
for the buildings with Gee, Walker & Slater, Ltd.

The vision and sound transmitters were ordered in
January 1950. The vision transmitter, which is being
designed and manufactured by Electric and Musical Indus-
tries, Ltd., is to have a power of 50 kilowatts, and the
sound transmitter, which Standard Telephones and Cables,
Ltd., are making, will have a power of 12 kilowatts. A
novel feature of the vision transmitter is that the carrier
wave will be modulated by the vision signal in a low-
power stage instead of in the output stage as has been
customary in previous television transmitters..

It is expected that the boundary of the service area of
the Wenvoe station will be that shown in the contour map
. published in. the Beyeridge Report which is reproduced
on page 80. ~This area has a populdtion of three and a
half rrulhon and among the principal towns within it are
Tenby, Carmarthen Llanelly, Swansea ‘Cardiff, Bristol,
Bath, Dorchester and Taunton. "
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The Development of
V.H.F. AREA COVERAGE NETWORKS

for Civil Aviation Communication

By D. P. Taylor, M.BE., AM.LEE.*

RIOR to the outbreak of the recent war, communication

with civil aircraft was carried out exclusively on medium
and high frequencies, although the limitations to the use
of such frequencies from the point of view of congestion
had already made themselves felt, particularly in cases
where radio-telephony was used.

During the war years great strides were made with the
development of v.H.F. radio-telephone equipment for
communication with aircraft using frequencies of the

" order of 150 Mc/s, and after the end of hostilities it was
obvious that use would have to be made of such frequencies
to meet the greatly increased channel requirements for
civil aviation. The frequency band 118 to 132 Mc/s
was set aside by international agreement for this purpose.

Adequate stocks of surplus military airborne equipment
capable of operating within this frequency range were
available to bridge the gap until the radio industry could
be switched from military to civil production. This
phase is now ending, and the use of multi-channel equip-
ment designed and produced to meet civil requirements
is now widespread. A similar state of affairs prevailed
in the case of ground v.H.F. equipment, although the
most readily available transmitters were of somewhat
higher power (50 watt) than was necessary or indeed
desirable for short-range communication with aircraft in
the vicinity of aerodromes. This problem was largely
overcome by the improvisation of low-power transmitters
from airborne equipment operated from 50 c/s power
supplies.

It was at once obvious that, whereas the use of V.H.F.
provided an excellent service for communication with
aircraft approaching aerodromes, a need existed for
communication with aircraft remote from aerodromes on
an area basis. This requirement was essential for the
exercise of Air Traffic Control in respect of “en route”
aircraft. Such communication could at first only be
provided by the continued use of M.F. and H.F.

Area Coverage

Investigations were therefore initiated with the object
of devising area coverage using V.H.F., and thus, not only
effecting an economy in the equipment carried by aircraft,
but in addition taking advantage of the ample frequency
spectrum available, the freedom from static, and the
much simpler aircraft aerial systems.

The most promising line of attack seemed to be the
use of a spaced-frequency multi-carrier v.H.F. system of
the type used by the Home Office for communication with
mobile police units. This system was first described by
J. R. Brinkley,! but a brief description may not be out
of place. .

When it is required to effect v.H.F. communication over
a large area in which mobile units are operating, a number

* Directorate of Navigational Services (Telecommunications),
Ministry of Civil Aviation.
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of v.H.F. transmitter-receiver stations are sited at strategic
points within the area and modulated from a common
operating centre. By careful choice of sites the chances
of a mobile unit being in a “shadow area” of all the
transmitters can be reduced to a negligible value. The
difficulties in setting up such a network are:

(a) If the transmitters are radiating on the same channel
frequency then the carrier frequencies must be maintained
in synchronism, if hetrodyne beats are to be avoided.
Severe fading and distortion, can still occur due to
changing phase differences between incoming signals at
the mobile unit from the various transmitters, even if, by
rigid frequency control such beats are reduced below the
lower limit of audibility.

(b) 1f the transmitters radiate on different channel
frequencies then the number of channels required increases
enormously. Operational difficulties arise from the fact
that the mobile units are required to explore the different
channels to determine that most suitable for communica-
tion in any given place. Further, in practice, the relative
levels of signal received on the various channels vary
greatly over quite short distances traversed by the mobile
unit. The difficulties of operating in this manner are
obvious, particularly in the case of aircraft, where
by reason of their speed, their rate of movement relative
to the ground transmitters is very high.

The disadvantages of the two systems described can be

-overcome by operating the ground V.H.F. transmitters on

slightly differing frequencies within the same channel, but
sufficiently widely spaced to cause the resultant beat to
be above the upper limit of audibility or to be greatly
attenuated by the receiver audio-frequency response
characteristic. At the same time the frequencies are
sufficiently closely spaced so as to lie within the receiver
R.F./L.F. passband. Such a network of transmitters
simultaneously modulated can be used to * flood-light” a
considerable area, and it is found in practice that the
combination of the various signals in the mobile receiver
produces an effect akin to diversity reception, with a
marked reduction of fading or “flutter ” when the mobile
unit is in motion. Associated with each transmitter is a
receiver and the outputs of these receivers are combined
at the central control point.

The M.C.A. Area Coverage Scheme (1947)

Such a network of v.H.F. stations was set up by the
Ministry of Civil Aviation in 1947 to determine the possi-
bility of its use for communication with aircraft over the
Southern part of England. The transmitter-receiver stations
are located in Norfolk, Surrey, Kent and Gloucestershire,
and connected by GPO land-lines to the Air Traffic
Control Centre at Uxbridge. The sites adopted were
located on existing MCA stations, rather than chosen for
ideal topographical considerations. The transmitters used
are standard Air Ministry type T1131B having a power
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The close relationship between the calculated average and practical results is clearly shown

output of somewhat less than 50 watts. The spacing of
frequencies adopted was 15 kc/s between stations, that is
the four transmitters are spread over 45 kc/s centred on
the nominal channel frequency. These transmitters were
originally designed for use with 10X type crystals having
a frequency stability of about 0.01 per cent. Since this
represents about plus or minus 12 kc/s at carrier frequency
it was obvious that a considerable improvement was neces-
sary if audible hetrodynes were to be avoided. An
ovened crystal was substituted having a frequency stability
of .005 per cent and although this was far from ideal, few
complaints have been received. Standard crystal controlled
AM. receivers type R1392B are used throughout. Linking
each transmitter-receiver station with the Air Traffic Con-
trol Centre are two GPO landlines, separate lines being
used for transmission and reception. These lines have a
frequency response of about 300 to 2,500 c/s within 3db,
and the outgoing line from Uxbridge carries a bD.c.
switching circuit for the operation of the transmit-receive
relays at the remote station.

The splitting of the out-going speech currents to the
four transmitters and the combination of the incoming
speech frequencies from the receivers is effected by means
of transformers.

MARCH 1951

87

Fig. 1 is a map showing the layout of the stations of this
network, together with the calculated coverage, this being
based on ‘“line of sight ” modified for refraction. This
calculated coverage agrees closely with results obtained in
practice, there being also shown on Fig. 1 a contour within
which consistently good communication has been main-
tained with aircraft flying at between 5,000 and 10,000 feet,

The network (which is known in the Civil Aviation
world as “ Climax ™) proved so effective that in June 1949
it was brought into operational service for certain approved
users, and in July 1950 was made available to all users
on a frequency of 126.7 Mc/s and has continued in opera-
tion since that date.

The success obtained with the early operation of
“Climax " resulted in a decision to cover the United
Kingdom with a series of such networks. In 1949, a plan
was drawn up providing for three such networks, based on
Air Traffic Control Centres at Uxbridge in Southern
England, Preston in Northern England and Prestwick in
Scotland. The location of the stations of those networks
is shown at Fig. 2, and it will be seen that in the South
five transmitter-receiver stations are used, in the North four,
and in Scotland three. The calculated coverage from these
stations is such as to cover the whole of the United

ELECTRONIC ENGINEERING



Kingdom with the exception of the extreme north of
Scotland.  Economic considerations, coupled with the
difficult terrain, lead to the decision not to atteript cover-
age of this area, although the internal air routes within
Scotland and to the Scottish Islands are served on a route
basis by v.H.F. transmissions from aerodromes and other
stations. Unlike the “ Climax ” network the new stations
are sited with a view to obtaining optimum v.H.E. cover-
age, and in the case of the three Scottish stations and one
in Northern England, the Ministry were fortunate in being
able. to make use of the excellent sites of the Scottish Gee
Chain, all located at considerable heights above the sur-
rounding country. ’

REDUCTION OF FREQUENCY SPACING

In planning the new networks, it was desired to embody
certain operational and technical improvements on the
“ Climax ” system. Firstly, it was considered that the
frequency spacing of the stations should be reduced. This
arose from the need to use more than three transmitting
stations in the Southern England network, and partly by
the need to avoid imposing limits on the selectivity of air-
borne receivers. To meet this requirement a Specification
was prepared for a high-stability crystal-oscillator unit to
drive the T1131B transmitters. This called for a stability
of .0003 per cent representing plus and minus 500 cycles
over a wide range of ambient temperatures and supply
mains voltage. The design of this unit will be described
in a subsequent article. This unit permits the individual
transmitters to be spaced at 10 kc/s instead of 15 kc/s as
hitherto. It is intended at an early date to conduct experi-
ments with a view to even closer spacing.

The high order of stability achieved with the new crystal
oscillator units would normally call for a very high-grade
and expensive frequency-meter at each transmitter site for
checking purposes. In view of the considerable cost in-
volved, it was decided instead to provide each site with
three crystal oscillator units for each frequency used, these
being held as transmitter in use, transmitter spare, and
general spare. All three units are maintained with ovens
at working temperature so as to be available for immediate
use. For checking purposes a hetrodyne detector and fre-
quency meter is provided to measure the different fre-
quencies between the three units.

MULTI-CHANNEL WORKING )
Secondly, it was realized that one channel was insuffi-
cient to meet the growing requirements of Air Traffic
Control, particularly since the new system would still
further reduce the use of M.F. and w.F. for area control.
The new networks were therefore planned on a basis of
four channels in Southern England, and two in Northern
England and Scotland; although ultimate expansion
beyond this was borne in mind when the equipment
Specifications were drawn up. As will be described later
this plan has been modified to meet changed operational
requirements. The use of more than one channel led to
a number of technical problems, which made further field
tests necessary. These fall into two categories, those
associated with common aerial working (it being very
desirable from the point of view of reliability, installation
and design, that a common aerial be used for all trans-
mitters on a site and similarly another common aerial
for all receivers), and those associated with the operation
of a number of v.H.F. transmitters and receivers in close
proximity on the same site. Of these the latter proved
more serious; in fact, in the course of experiments
carried out to resolve technical difficulties, a solution was
also found to the former problem. It was found,
when a number of v.H.F. transmitters are operated in close
proximity, that spurious signals are generated; these are
in general due to non-linear elements in the vicinity of
the transmitter aerials. The effect has been investigated
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by the Admiralty in the case of multi-channel working in
warships, and is known for obvious reasons as the “ Rusty
Bolt Effect.” These investigations have been dealt with at
length elsewhere.? The effect was minimized by the use
of wooden towers to support the transmitter aerials, and
by the elimination of all unnecessary metal work from
the immediate vicinity of these aerials. Even after these
precautions were taken it was still not found practicable
to operate the receivers in the immediate vicinity of the
transmitters. The presence of powerful signals on - a
channel other than that to which the receiver was tuned
gave rise to “ cross-modulation”™ with consequent cross-
talk between channels. During early experiments it was
found that such * cross-talk” was serious when trans-
mitters and receivers were separated by distances as great
as ten miles, Such a limitation was, of course serious,
since separate transmitter and receiver sites would have
been necessary for every station, and quite apart from the
prohibitive economic burden that this would impose, in
many cases the terrain was such as to make it impossible to
locate separate transmitting and receiving sites. The obvious
solution to this problem was to avoid the presence of un-
wanted signals in the early stages of the receivers, by the use
of highly selective tuned circuits. After a number of experi-
ments this was achieved by the use of high-Q cavity
resonators between aerial and receiver.® These present
a high shunt' impedance across the coaxial line at the
desired frequency and a low shunt reactance at the un-
wanted frequencies. As an additional safeguard, a double-
screened room was used to house the receivers; the mains
supply and audio lines passing through the screens at one
point with R.F. filters inserted at this point. It is of interest
to note here a problem that arose while these experiments
were being carried out, it was found that strong signals
could be received with the rR.F. Oscillator and LF. stages
of the R1392B Receivers inoperative. Non-linearity in
the R.F. stages was causing rectification of incoming
signals (in the absence of cavity resonators) and the
resultant modulation component was transferred to the
AF. stages of the receiver through the impedance of the
power supply. This effect was eliminated by an improve-
ment to the anode supply decoupling. The use of cavity
resonators also made possible the use of a common aerial
for all receivers used at a station.

Common V.H.F. AErIAL WORKING

Having achieved common-aerial working with the
receivers it was clearly desirable that a similar technique
should, if possible, be adopted in the case of the trans-
mitters. Experiments showed that this could be done by
use of the same cavity resonators, the loss of transmitter
power being of the order of 3-4db, and this was considered
acceptable in view of the considerable simplification
arising from common-aerial working. To further reduce
interaction between transmitters and receivers it was found
desirable to separate the two aerial systems by at least 15
feet and to mount them with their major axes in line and
spaced vertically. All these measures made possible the
simultaneous use of four v.H.F. channels from the same site,
using a common transmitting aerial and common receiving
aerial mounted on the same mast. The only limitations
to frequency allocations were a channel spacing of at
least 400 kc/s, and the avoidance of three channels equally
spaced; that is, if one channel be f and a second fEAf

. then the frequency f+Af is to be avoided as a further

channel. The final aerial system adopted for the trans-
mitter-receiver sites is shown in Fig. 3, four wide-band
aerials being mounted on a single 120 ft. wooden tower,
these being transmitter, receiver, transmitter spare, and
receiver spare, respectively, there being, as stated pre-
viously, a vertical separation of 15 ft. between individual
aerials. The aerials themselves are wide-band cage dipoles,
designed to give satisfactory operation over the aero-
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nautical communication band of 118-132 Mc/s, a matching
device being embodied in the mounting boom. Technical
data on these aerials, which are shown at Fig. 4, has been
given by A. H. Brown.*

AUDIO-FREQUENCY EQUIPMENT

Thirdly, the audio-frequency equipment used in the new
networks represents a considerable improvement over that
used in the earlier “Climax " system. The development
of this equipment to a Specification prepared by the
Ministry of Civil Aviation was undertaken by Plessey’s
Ltd., and the equipment will be described in a subsequent
article. The equipment at the Air Traffic Control Centre
at Uxbridge is shown in Fig. 5. The chief improvements
are—

(a) The use of up to four channels simultaneously,
with provision for a later increase, if required, up to
eight channels.

(b) Improved methods of “ splitting” and * combina-
tion ” at the Control Centre, with provision, if required,
for up to eight transmitter-receiver sites per channel.

(¢) Improved audio-frequency response charac-
teristics.

(d) Use of compression and expansion in the audio-
frequency amplifiers to ensure a consistently high level
of modulation of the transmitters. ‘

(e) Use of a.c. switching by 2460 c/s tone on the
transmit lines.
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Fig, 3 (Lef(). View of the Butser Station

at 870 ft. above sea level with its 120 ft.

wooden mast. The inset shows the four

wide-band aerials mounied in line with

their axes vertical and spaced 15 ft.
apart

Fig. 4 (Below). Close-up view of the
wide-band cage dipole with matching

device in the mounting boom

(f) Complete flexibility of equipment at the Control
Centre.

(g) Built-in audio frequency test equipment for check-
ing of levels and frequency response throughout the -
system. )

The Control Centres and transmitter-receiver sites are
linked by GPO landlines routed through carrier circuits,
having a frequency response of 300-2,800 c/s within 1 db.

As previously stated, the original plan called for four
channels, each using five transmitter-receiver stations in -
the case of Southern England. However, since 1949 con-
siderable evolution of air-traffic control procedures has
taken place, particularly in the * channelising™ of air
traffic into * airways.” These “ airways” are defined by
M.F. Radio Ranges and Beacons, and marked by 75 Mc/s
Fan Markers. This has resulted in some modification of
the original plan, particularly in the Southern area.

The network was brought into operation in February
1951 in the following form:—

Channel 1. 126.7 Mc/s. Using all five T-R sites and pro-
viding all-round area coverage
for Southern England.

Channel 2. 1189 Mc/s. Using the Butser site only,
providing coverage for the “air-
ways” leading southwards to
the Continent and Channel
Islands.

Channel 3. 120.3 Mc/s. Using the Hawkinge site only,
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Fig. 5. Audio frequency and line terminal equipment at Air Traffic Control

An MCA

istic

engineer is carrying out audio frequency

Centre, Uxbridge.
h ts at the test bay

providing coverage for * air-
. ways” leading eastwards to the
Continent and Scandinavia.

Using the Chedburgh, Birdlip
and Davidstow sites, providing
cover for “airways” leading
northwards and eastwards to
Scotland and the North Atlantic.

Channel 4. 122.1 Mc/s.

This does not, however, represent the final development
of the system, its flexibility being such that further chan-
nels will be added when warranted by channel loading.

While it is yet too early to fully assess the operation of
the system, the first reports indicate that, like “Climax”, the
service areas agree closely with calculated coverage and
that effective area coverage is provided. Aircrews report
a high degree of reliability and intelligibility, which makes
possible a speedy interchange of air-traffic control messages
at considerable distances from final destinations, which is
a matter of some importance with the ever-increasing
operational speeds of modern aircraft.
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Electronic Colorimetry

By D. W. Thomasson, A.M.Brit.I.LR.E.

THE development of electronic devices for colour
analysis has been hindered by a strong prejudice in
favour of the older visual methods of comparison, and
by continued adherence to the trichromatic system of
identification. The system suits the older method well,
since it involves photometric measurements at those wave-
lengths where the sensitivity of the eye is greatest. It is
less suitable for practical comparison work of a routine
nature.

Consider the three spectral distribution curves of Fig. 1.
All three coincide at the wavelengths of the spectral match-
ing stimuli (0.7 p, 0.546 u, 0.436 u) used in the trichromatic
method. All three will therefore give the same trichromatic
identification. To an observer whose eyes have maximum
sensitivities at different wavelengths from these accepted
as standard, the colours will look different.

This is unimportant to the research worker who
requires a general comparison of the effective colours
and illuminating efficiencies of various light sources or
reflecting surfaces. It is very inconvenient when the object
of the test is the establishment and maintenance of a
uniform product colour.

The only solution in such cases is to plot the whole
spectral curve, or, at least, increase the number of
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sampling ordinates so that the general form of the curve
can be seen. Visual apparatus cannot be used for such
measurements with any degree of reliability, the readings
differing by up to 15 per cent with different observers.

Electronic colorimeters are, on the other hand, quite
suitable for this sort of measurement.

[

Intensity

BLUE
GREEN

]
o6
WAVELENGTH { )

o5

o |ReD

04

Fig. 1. Three spectral distribution curves having identical intensity levels
at the spectral matching wavelengths, which may give different colenr
sensations
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Essentials

The essential elements of an electronic colorimeter

are;

(1) A calibrated photometer corrected for constant
sensitivity over the visual wavelength range.

(2) A selective filter passing a narrow band of light
wavelengths.

For measurements of reflexion coefficients, a light
source must be added, and the photometer correction
altered to compensate for the spectral distribution of the
source.

Subdividing the essential elements, the photometer must
include a photo-electric pick-up head, with its associated
amplifier, an adjustable light filter for response correction,
and some form of indicator. The calibration is best
achieved by using some form of built-in standard. The
selective filter may use a prism or diffraction grating
associated with a slit passing a band of the dispersed light.
Coloured glass filters are unsuitable, as they are liable to
pass unwanted wavelengths outside the visible range, and
are not easy to adjust.

Practical Problems

The most difficult problem is that of securing a con-
stant sensitivity over the visual wavelength range, together
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Fig. 2. Spectral response of photocells with Ag-0-Cs and Sb-Cs cathedes

with an adequate sensitivity level. Among photocells
currently available, the most suitable are those having
caesium-oxygen-silver and caesium-antimony cathodes.
The spectral sensitivity curves of these two types are
shown in Fig. 2, together with the overall sensitivity curves
obtained with a tungsten light source at 2850° K.

It can be seen that the sensitivity varies considerably.
The maximum overall sensitivity is that obtained at the
wavelength of least sensitivity.

At the moment, only the Ag-O-Cs cathode is of much
value, and even this requires a correction ratio of 11/1
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Fig. 3. Diagram showing gemeral arrangement of illuminating head

with the tungsten source. Experimental work on a new
photocell may solve the problem.*  This cell has two
cathodes, one of the Ag-O-Cs type, and one of the Sb-Cs
type. The Ag-O-Cs cathode is deposited on one side of a
partition dividing the cell into two separate evacuated
sections, and this cathode is in the form of a semi-trans-
parent layer. The Sb-Cs cathode is deposited on the other
side of the partition, and is illuminated through the Ag-O-
Cs cathode.

The outputs of the two halves of the cell are combined
to obtain a much more even response than is possible
with any known single cathode. The manufacture of the
cell presents many problems, but the use of new techniques
avoids the most serious difficulties.

Apart from the initial correction of the spectral sen-
sitivity, it must be maintained constant during operation.
This is made more difficult by changes in the light source
spectral distribution with voltage variations and filament
ageing. The only really satisfactory solution is to monitor
the sensitivity continuously, facilities being provided for
rapid sensitivity adjustment.

Automatic Colorimeter.

The light source and selective filter for an electronic
colorimeter for reflectivity measurements are shown in
Fig. 3. The light from the lamp is focused into a narrow
beam and passed through the prism, the dispersed rays
being passed to the interior of a slotted drum. Rotation
of the drum moves the slots across the dispersed rays,
giving the required selective filter action. The rays passing
through the slot are collected and passed to the testing
compartment.

Fig. 4. Adjustable mask fiiter for modifying spectral disiribu(ion of light

A PLASTIC
l MOUNTING

FRAME
(TUFNOL)

CAPTIVE
t— ADJUSTING
NUT

AW

QAW
W
A

wwi
W E

W

— MOVABLE
~—SHUTTER
WITH
SCREWED

SHANK

l
|
]

TRANSPARENT
SHEETS
(ACRYLITE)

SECTION A-A

»—

MARCH 1951



GEARED UP FROM

DRUM SHAFT GEARED UP
e TO SHUTTER

SRR

DRUM FINAL DRIVE
SHAF TO SHUTTER

SHAFT SPEED

6 TIMES DRUM
SHAFT SPEED

PHOTO CELL )
(Barrier layer type) Fig. 5(a). ¢ Maltese Cross ”’
g% " SLIT PLATE drive to shutter carrying stan-
 — — — — — dard
A
LIGHT

Fig. 5(b). Sweep generator. Six-
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n SLIT PLATE

Between the drum and the collecting lens is an adjust-
able mask, shown more clearly in Fig. 4. The height of
the opening can be set by altering the position of ten
metal blades, each of which has its own adjusting screw.
The amount of light reaching the testing compartment in
each position of the scanning drum is thus controlled,
and the mask may be set up to obtain a constant photo-
meter indication at all parts of the spectrum.

In this particular instrument,” the indicator is a cathode
ray tube. The light reflected from the surface under
examination is picked up by a photocell, the output of
which is amplified and fed to the vertical deflexion plates.
The horizontal deflexion is obtained by a photocell and
mask type generator® (Fig. 5b).

To obtain the required standard calibration, a “ standard
white ” surface is used. This is mounted on a rotating
holder driven from the drum shaft through a * maltese
cross 7 mechanism (Fig. 5a), so that the standard covers
the specimen during alternate scans of the drum. Every
third slot in the drum is omitted, and the light is cut off.

The photocell output thus goes through three alternate
phases: the reflexion from the specimen: the reflexion from
the standard: zero reflexion. The horizontal trace of
the c.R.T. is completed once during each phase, and the
resulting display is viewed through a special graticule
scale (Fig. 6). .

The “ white trace ” is set to the top line of the graticule
by adjusting the mask in the light filter and the gain of
the amplifier. The “ black” trace is set to the bottom
line by means of the Y-shift control. The *specimen”
trace thus gives a standard indication of the spectral
reflectivity of the surface being examined.

”

Identification

The colour may be identified by a code number taken
directly from the graticule readings. In the case shown,
the identification is 8986421000. There are 10" possible
identifications, about half of which are useful in practice.
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The vertical scale is in antilogarithmic units, giving
readings which approximate to the ' sensation level”
equivalent of the reflectivities.

Manual Version

The layout of a manually operated colorimeter using
the same identification principle is shown in Fig. 7. There
are ten sampling positions, selected by a rotary switch
which sets up the necessary sensitivity levels. A cam on
the switch shaft rotates the prism through an adjustable
lever mechanism.

The indicator is a moving coil meter, the scale being
calibrated in antilogarithmic fashion. The sensitivity
adjustments are checked against a standard white surface.

_ Conclusion

The electronic colorimeter must eventually come .into
widespread use, ousting the visual method wherever com-
parisons of observed colour are required. The changeover
is being hastened by a lack of expert colour matchers,
yet there is still some resistance to the introduction of the
new method.

Earlier inefficiency in electronic colorimeters is being
overcome by new techniques, and it is to be hoped that
this will overcome the prejudice. The advantages of the
standard identification method will help here, and a reliable
method of specifying colour will become available.
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THE A.M. AND F.M. TRANSMITTERS
AT WROTHAM, KENT.

drive equipment and the radio-frequency amplifiers are like
those in the F.M. transmitter, except that the balanced
modulator in the *“ F.M.Q.” drive is made inoperative. The
audio-frequency modulator has four stages, the final stage
consisting of two ACT 14 valves operating in class B.

The mast consists of a lattice steel support mast 360 feet
high, on top of which is a cylindrical section 110 feet long
and 6} feet in diameter, which with the slots in its surface
forms the v.H.F, aerial system. The support mast has a
triangular cross-section, each face being 9 feet across, and
rests on a ball joint which permits some angular movement
under wind pressure. The dead weight of the mast is 60 tons,
and the maximum thrust at the base is 200 tons. The mast
was designed and built by B.I.C. Construction Co., Ltd.

The accompanying photographs show:
(Tcp left); View of the completed 470 ft. mast.

(Top righty The transmitter hall. In the foreground is the z25-kilowat!
F.M_ transmiiler, and beyond it is the 18-kilowat! A .M. transwmitler. The
Eiosks, from which the transmiliers are controlled, are behind windows in the
wall on the right. The lwo doors between Lhe transmitiers give access Lo the air
ducts forming part of the valve cooling-system.

(Bottom left)y The V.H.F. aerial and part of the triangular support mast.
The aerial, which is shared by both transmillers, consists of 32 slols tnthe wall
of a cylinder 110 feet long and 6% feel in diameter. The slols are arranged
in 8 fiers with 4 slots in each tier.

(Botlom right) Close up view of one of the panels of the F.M. transmitter
showing the “F.M.Q.” drive. This consists of a directly modulated crystal
oscittator and a series of frequency multiplying stages ; at the bottom can be
seen the amplifier stage, consisting of one C144 double tetrode and second R.F.
stage, consisting of two TT16 tetrodes. :
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HE B.B.C. announced last month details of the new

V.H.F. transmitting Station at Wrotham, Kent, about 20
miles south east of London. The Station consists of a single
storey brick building, and a 470 ft. mast, the base of which is
730 feet above sea level.

The Fr.M. transmitter, manufactured by Marconi's
Wireless Telegraph Co. Ltd., has a power of 25kW and
operates on a mean carrier frequency of 91.4Mc/s.
(corresponding to a wavelength of 3.28 metres) with a
maximum deviation of --75kc/s. It incorporates the
Marconi ‘ F.M.Q."” system of frequency modulation, in
which a quartz crystal oscillator is connected through a
quarter-wave network to a balanced modulator, the sus-
ceptance of which varies with the modulating signal, and in
turn varies the frequency generated by the crystal oscillator.

The output of the crystal oscillator is passed through three
frequency doubling stages and one tripling stage to produce
the carrier frequency of 91.4Mc/s. There then follow six
stages of amplification. The first two are conventional
push-pull stages and the remaining four are single-ended
earthed-grid stages with coaxial-line tuning elements. The
output stage consists of two BR128 valves in paraliel,
giving an output of 25kW.

The a.M. transmitter, also manufactured by Marconi’s
Wireless Telegraph Co. Ltd., has an unmodulated power of
18kW and operates on a carrier frequency of 93.8Mc/s.,
which ,corresponds to a wavelength of 3.20 metres. The
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Aspects in the Design and Manufacture of
Planar Grids for Triodes at U.H.F.

By W. J. Poh], M.Sc.

TUNEABILITY over a wide range of frequencies, low
operating voltage and ease of modulation are attributes
which make the standard triode suitable for a very wids

range of application at frequencies up to several thousand.

megacycles per second. It is well known that at centi-
metre wavelengths the electron transit time plays a very
important part. The maximum frequency of oscillation
may be considered to be proportional to (i/a)'/®, where i is
the current density in the grid cathode space, and a is
the grid cathode separation.’*°® If the frequency is to be
increased above this value, either ¢ must be diminished
or i increased. The latter is restricted to a fixed value
(greatly increased for pulse conditions) by the cathode
emission. Hence g becomes a decisive quantity, which
also affects the efficiency.® Furthermore g determines the
grid pitch, which should not exceed g if a long tail in
the characteristics of the valve is to be avoided. The grid
pitch is in turn an important factor in the determination
of the amplification factor.®

In general, the planar (as opposed to the cylindrical)
electrode structure will be chosen in attempts to extend
the useful operating range of a triode beyond 3,500 Mc/s.
The reason for this, other than the constructional
advantages of the planar structure, lies in the fact that
the length of the electrodes of a cylindrical construction
may only be a small fraction of one quarter of the
operating wavelength.

The planar grid wires must be reliably tensioned,
otherwise the expansion with temperature rise will cause
wire buckling, and, at exceedingly close inter-electrode
clearances, this results rapidly in short circuits. Excessive
wire temperature may also give rise to troublesome
primary grid emission.

These considerations indicate the importance of the
relationships between the dimensions of a grid and its
ability to dissipate power. In this article this matter is
discussed in perspective with practical manufacturing
problems. A recently developed method of producing
planar ring frame grids carrying highly tensioned wires
is reported. :

List of Symbols

.t = Temperature (as a variable).
I = Length (as a variable).
QO = Heat received per second by unit length of wire.
A = Cross-sectional area of wire.
K = Coefficient of thermal conductivity of the wire.
To = Temperature of the grid frame. :
« = Coefficient of linear expansion of the wire.
7 = Residual tension in the wire.
Y = Young’s modulus of the wire.
A = Extension.
L = Length of wire.
W = Power (heat units per second) dissipated before start of
buckling.
D = Grid aperture diameter.
p = Pitch of grid.
F = Residual force in the wire.
d = Diameter of the wire. o
oy = Coeflicient of linear expansion of the frame.
Tx = Room temperature.
u = Radial displacement (as variable) of a ring frame on
deformation.
¢ == Polar angle specifying section of circumference of ring frame.
R = Radius of ring frame.
E = Young’s modulus of the frame.
1 = Moment of inertia of a cross-section.
M = Bending moment.
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represented by the equation

f= Stress in frame.
N = Weight of tension meter needle.
x, ¥ = Linear dimensions of radial section of a ring frame.

Calculation of Maximum Wire Length

Let us examine the case of a single wire, stretched
between the parallel faces of a cathode at about 800°C
and an anode, usually between 200° and 350°C. The
wire will receive power along its length, when the valve
is operating, by electron bombardment, and also by
radiation of heat from the cathode. The former power
can be measured, and is constant along the wire, if
fringing effects are ignored. The latter is not constant ;
any elemental part of the wire receives heat which is
proportional to the difference of the fourth powers of the
temperatures of the element and the cathode (Stefan’s
Law). The heat interchange between the wire and the
anode follows the same law, but is negligibly small
compared to the other two factors, because the grid wire
temperature is never greater than abeut 500°C even at
the centre, where the temperature is highest.

We may assert therefore that the fraction of the power
thus received which is not disposed of by conduction of
heat along the wire to the frame, is negligibly small.
Under these conditions the temperature distribution along
the wire, by considering the thermal equilibrium of an
elemental section of the wire, can be shown to be

2
4

pT mt' + n
where ¢ and [ are variables of temperature and length
respectively, m and n are constants. This equation is
difficult of general solution. We may however, at the -
cost of a small error, assume that the power received per
unit length is constant along the wire.* Again by
considering the thermal equilibrium of an element of the
wire, we derive the relationship

d*t (0] '
—— = e 2
_ dr AK - @
taking the origin in the centre of the wire. Introducing
the boundary conditions that + = T, when | = + L/2
and gle O when [ = O we find that
o or
. t_T"+8AK_2AK .......... (€]
Thus the temperalure distribution is a symmetrical

parabolic curve, rising from 7, at the e¢nds to a maximum

oL’
‘8AK

Let it be assumed that the grid frame has the same
coefficient of thermal expansion as the wire. Then the
increase in length of the wire over and above that of
the frame, is

+ L2
/ ot — Tdl =
L2 .

of + T, in the centre.

QL. (4)

& = 12AK

* The author has calculated, by a series of successive approximations, the true:
temperature distribution in accordance with equation (1), for particular cases.
The results show that the above assumption introduces only small errors in_the
calculated temperature distribution, not in excess of 3 per cent in the centre of the
wire,
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The residual tension in the wire will be reduced . to

zero when the expansion just equals the extension
originally set in by the tension.
L’ L
A 2oL L
124K Y

Fig. 1.
method
ing the

Clock gauge
of wmeasur-
tension of
grid wires

The tension becomes zero and buckling commences
when

12rAK

Q="

Thus for a single wire, the total power which may be -

dissipated before buckling commences is given by
W 12K A o 12KF
Tyl %" ayL

For a-grid of circular aperture, wire pitch p, the total
power, when the longest wire commences to buckle, is

_ 3nKF
~ Yop

F may be measured on the finished grid by a method
described later. This makes the above equations suitable
for estimating the total power dissipation of a particular
grid. It is easily shown that, when the grid to cathode
clearance is of the order of 0.01 times the longest wire
length, the additional power required to cause a grid
cathode short, once the residual tension is taken up by
expansion, is negligibly small. The measured grid dis-
sipation at breakdown of a grid of known wire tension
may therefore be used to check the validity of Equation
(7). To compare such a measured value with the value
given by Equation (7), the heat received by the grid by
radiation from the cathode (not included in the measured
value) must be taken into account. Taking this as the
fraction I
heater rating.x area of grid wires projected on cathode*

Total cathode cylinder radiating area

such a comparison has shown agreement between
calculated and measured values to within 25 per cent.
This discrepancy is not excessive when we consider that
differences in wire manufacturing conditions can cause
small changes in K, Y and a; these ‘“constants” also
vary slightly with- temperature. -Further, we have intro-

duced an error of about 3 per cent or so in the funda-
mental assumption underlying equation (2), and, as will
be seen later, there are likely to be errors 1n tension
measurement up to 10 per cent. '

In the design of a grid therefore. such errors must be
taken care of by allowing an ample safety factor.

Equation (6) shows the limitation to the length of the
longest wire. For a grid with a circular aperture (which
is the most conveaient form from a manufacturing point
of view) the diameter of the grid aperture, and hence the
power of the valve, is thus limited, and it is usually desired
to make this as large as possible.

If a valve operates satisfactorily under certain condi-
tions, we may design the grid for another if the new valve
is to operate under conditions in which the power received
by the wires, per unit area presented to the cathode, is
to be the same in both valves. Using Equation (7),
stipulating equal grid transparency, and taking into
account the expansion of the frames, the- relationship
between the grid apertures of the two valves

d?Kﬂylal 7 + E,
D, = D, .\/{dlKlY2a2 [Tl + E’]}

is easily derived. The suffixes | and 2 refer to old and
new valves respectively, and
e =Y (ar — o) (To — T») for each of the cases* To
may be determined by experiment on a model, and, in the
case of disk seal triodes, is usually limited by the
maximum permissible temperature of a glass-to-metal seal.
Equation (7) may also be used to examine different wire
materials from the point of view of suitability for
tensioned planar grids. Such an examination has revealed
that the most suitable tensioned grid using commercial

Yo
/ & . j "

Fig. 2. Pre-formed grid mesh on wire ¢ backbones ’’

materials should consist of a tungsten wire carrying a
copper coat, thickness 15.5 per cent of the tungsten wire
radius. Such a composite wire can dissipate theoretically
1.125 times the power of a plain tungsten wire
having the same outside diameter and carrying the same
residual tension in the tungsten. The copper acts only
as a conductor of heat and can carry no residual tension.

A Method of Measuring Residual Wire Tension

A method used at Philips, Eindhoven, for comparative
measurement of tension in the wires has been adapted
to give absolute values of wire tension. The principle is
as follows : A blunt needle of known weight is rested
on the centre of the wire. The resulting vertical dis-
placement of the wire is measured. For this a clock
gauge is used whose feeler is screw operated. Contact
of the feeler with the grid wire is registered electrically by
a neon lamp circuit. A low power microscope facilitates

* This should”tﬁe ‘an over-estimate because the wire is at a greater tem-
perature than the other surroundings of the cathode cylinder; even so, the
value is usually less than 10 per cent of the total grid dissipation.

G
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* Dyand D, also represent the lerigth of the longest wires, Eauation (8)
may therefore be used also for cases where the aperture is non-circular; or
for strapped grids.
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Fig. 3. Wire mesh held taut in the welding jig over the ring frame

the positioning of the grid, which is moved on a screw-
operated platform. See Fig. 1.

By considering the equilibrium of forces at the contact
point of the needle on the wire, and assuming the wire
stretches according to Hook’s Law, we deduce

NL ( 3 )“

A = F = 45 24Y I
where N is the weight of the needle and & is the vertical
displacement as measured by the clock gauge feeler. With
the aid of this equation, a calibration curve can be drawn
for any grid wire. The weight of the needle should be
kept as small as practicable, otherwise the wire stress
may exceed the limit of elasticity and an error would be
introduced.

Mesh Grids

Mesh grids are normally used in cases where the
residual tension is not relied upon to keep the wires in
position, i.e. where electrode clearances are large enough
to obviate the necessity of avoiding slight buckling. The
mesh grid is mechanically stronger, and buckling of the
longest wire is restricted by shorter wires. This is not
taken into account in an approximate treatment ‘by
Wilchinsky® in which the grid is replaced by an equivalent
sheet of uniform thickness and conductivity. Wilchinsky
implies that the error involved by this replacement is small,
but gives no proof to this effect. Such a sheet cannot be
an exact equivalent because the length of path of (and
the resistance to) heat flow varies, being least along radii
parallel to the wires, and a maximum along 45° radil. In
view of this, Wilchinsky’'s estimate of the maximum power
dissipation of a mesh grid before buckling commences
is likely to err on the optimistic side. The error becomes
100 per cent when his equation is transformed for the
case of the parallel wire grid.

Using his results, and Equation (7), for comparing a
mesh grid and a parallel wire grid, both of pitch p (other
factors being equal) we find that the dissipation of power
before buckling commences is the same in both cases. The
parallel wire grid has the advantage of greater ‘trans-
parency, and can be more reliably tensioned. For these
reasons it seems likely that it will be chosen for triodes
which are to provide a maximum of power at wavelengths
below 20cm or so.
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An Outline of Manufacturing Problems

The most common u.H.E. triode grid is made by winding
fine tungsten or molybdenum wires on to a rectangular
molybdenum frame with a circular aperture. To provide
a good thermal and electrical contact the wires are then
copper or gold brazed to the frame.

At U.H.F., the outside diameter of a planar triode is
limited by the concentric circuit, the dimensions of which
must be in accordance with the required wavelength.
When a new triode is developed it is usually desired to
make the output power a maximum. For this reason the
rectangular grid frame is not ideal, because in order to
accommodate it inside the valve, some cathode area has
to be sacrificed. The most suitable frame therefore is
circular, in the form of a ring. Ring frame grids have
been made by various methods, all involving a brazing
process and not easily adapted to mass production.
Further, the residual tension is limited by the low yield
strength of the wires at brazing temperatures.

A great improvement can be made in this respect by
extending the frame after brazing, whereby the wires are
tensioned.* Unfortunately, by this means the short wires.
suffer a far greater elongation than the long wires ; the
former may f{racture before the latter are properly
tensioned. In the case of molybdenum wires this is not
serious as ample extension in the region of plasticity is
possible before fracture. But tungsten, in other respects
a far more attractive wire material (see Eqn. 7), will break
after an elongation of approximately only 1 per cent.
For this reason the manufacture of highly tensioned
tungsten grids on ring frames is somewhat difficult.

The general problem therefore with which the writer
was faced was the design and manufacture, with a view
to mass production, of planar grids on ring frames,
having wires as taut as possible under the temperature
conditions likely to be encountered. A method developed
for attaching fine wires to ring frames by means of
electrical resistance welding will now be described.

Manufacture by Electrical Resistance Welding

The method described below promises wide application,
and is in pre-production on the VX 8047.

The grid wire is first wound with the required pitch
on to a system of backbones. The wires are fixed to the
backbones by the “notch and squash” method well
known in the valve industry. The resulting structure
is shown in Fig.-2. After winding in this way the back-
bone structure is cut and trimmed to give pieces such as
are shown in Fig. 3. Such a piece is then laid into the
welding jig where the two backbones are held in a
groove and pulled apart, thus stretching the wires taut.
Ring frames are then placed coaxially above and below

* This method was first developed at the G.E.C. Research Laboratories,
Wembley. A notch is pressed into the frame along a centre line at rxght
angles to the wires, thus forcing the two halves of the frame apart,
extendmg the wires. This is known as *‘‘ stretching.”

and

Fig. 4.

Ring frame with grid wires welded on, after trimming
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the wires, and the whole. is resistance-welded together by
a single pulse of current. The completed grid is then
trimmed of loose wires outside the ring frame. A
finished " grid is shown in Fig. 4.

The clamps of the jig gripping the backbones must be
so designed that the backbone wire is to some degree able
to rotate, otherwise some wires may tighten before others.
This might lead to fracture of wires at one end of the
grid before those at the other end are taut. An even
pitch will not be obtained unless the wires are entirely
free when stretched; for this reason frames must come
into contact with wires only when stretching is completed.

The electrode system used is shown in Fig. 5. The
cup A contains a mercury copper amalgam (copper filings
in mercury, pasty consistency) which is .compressed
during welding. It allows the upper electrode to align
itself, and also ensures that it does not tilt over to one
side during the weld, as would be the case with a ball
type self-aligning ]omt The paste must be loosened

W e
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SINGLE WELD PROCESS

Fig. 5. The electrode system used for welding
periodically, say every fifth weld, otherwise the self-
aligning properties will be lost and faulty welding will
result.  This highly conductive self-aligning electrode
system is the only one out of a number that have been
tried which will give consistently successful results. Con-
siderable pressure is needed. For a grid of 1lmm
aperture diameter, and 35 sq. mm welding area, a force
of approximately one ton is used. The welder used is
a machine made by Sklaky Co., mechanically controlled
and capable of 40kW pulse.

Both tungsten and molybdenum wire grids have been
made in this manner. The latter are welded on to ring
frames of rectangular cross-section, which may be
stamped out from sheet metal. The-frame is stretched
by notching after welding. This cannot be done with a
tungsten wire grid on account of the brittleness of the
wire. Residual wire tension 'in this case is dependent
entirely on stretching of the wires before welding. For
this reason the frame has to be especially strong. Further,
it must not be allowed to expand during the welding pulse
otherwise contraction on cooling results in slack wires.
Such expansion is avoided by arranging that the part of
the frame which reaches a high temperature during the
welding pulse is very weak compared with the part which
remains cool, so that the latter prevents the former from
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expanding. This is achieved by making the weld on a
thin flange protruding inwards from the main frame ring,
as shown in Fig. 6. The frame of the tungsten wire grid
cannot therefore be stamped out of sheet metal, but must
be machined, and becomes necessarily more expensive on
this account. Further, the great strength required of the
frame necessitates a greater width of ring, thus partly
offsetting the advantages gained by the use of tungsten
wire.

Tension measurements on the molybdenum wire grid
of 60 micron wire, aperture 1lmm, frame Imm wide,
Imm thick, gave average values of the order of 7.0 x
10* gm/mm?® A tungsten grid of 50 micron wire, frame
as shown in Fig. 6 gave values up to 8.7 x 10* gm/mm?.

" These figures should be compared with a CV273 grid,

unstretched using 29 micron directly wound tungsten

: o— |

! l
e

: DIMENSIONS IN mm

Fig. 6. Cross-section and plan of ring frame, showing the thin welding

flange and the thicker strengthening section

wire on a rectangular frame. For this, difficulty was
experienced in obtaining average values greater than
4.0 x 10* gm/mm?®. In making this comparison it should
also be remembered that finer wire is able to withstand
higher residual stresses.

Thus the welded grid combines the advantages of a
circular frame and high residual wire tension with
simplicity and cheapness of manufacture.

The coefficient of thermal expansion of the frame
should be chosen in accordance with the yield strength of
the wire at baking temperatures. Telcoseal alloy No. 1
(Telegraph Construction Co., Greenwich) has been found
suitable for both tungsten and molybdenum wire grids
on account of its low coefficient of thermal expansion
between 0 and 500°C. It has been found helpful though
not essential to nickel plate the frame to a thickness of
two microns before welding. Nickel is known to “wet”
tungsten and molybdenum, and the layer of nicket alloy
which is formed helps to strengthen the weld.

The Design of Ring Grid Frames

As it is desired to retain the maximum residual tension
in the wires, the grid frame must be designed accordingly.
The pull of the wires tends to deform .the ring into a
plane oval, so' that the longest wires particularly will
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suffer a reduction in residual tension. An examination
using Euler’s theory of columns shows that in all practical
cases there is no likelihood whatever of direct buckling
of the ring. Lateral deformation into an oval will take
place first.. The degree to which this is likely to occur
will now be examined, with the object of enabling the

frame width to be reduced to a minimum compatible with

high residual tension in the longest wire. -

An equation for the deflexion of a curved bar is
developed by Timoshenko’. For a thin ring it is
expressed by

d.u R*M
— = e 10
do? + u Bl (10)

where I is the moment of inertia of radial cross-section

R ﬁuR

|
|
|
|
|
|
!

Fig. 7. Caiculntion of the bending moment M across a radial section of
the frame

about axes such as yy in Fig. 8. We shall, at the cost of
a small error, presume that the width of the frame is small
compared with its radius, and that the frame is loaded by
a large number of parallel wires spaced at pitch p and
each exerting a force F so that the loading w = F/p may
be regarded as uniformly distributed. Using Castigliano’s
method to calculate the bending moment M across any
radial section of the frame, (see Fig. 7) we find that

wR?

) COS2¢ .. an
showing that when ¢ = 0 and n, M = wR?*/4 .

and when ¢ = x/2 and 37/2, M = —wR?*/4
Substitufing this result for M into Equation (10) and solv-

ing the equation for the boundary conditions ¢ = 0 and
712, dufdp = 0 we find

M =

wR’
u = 2E1 COS2¢p. oo .. (12)
so that for ¢ =0 and. 7, u = 'mi
12EI
¢ = /2 and 317/2, U= — wR
12E1

The loss in tension in the longest wire is likely to be some-
what less than
OF 2uY
8r=—="—"—

A D

In the manufacture of the welded grid this represents
the loss of tension when the stretching clamps are released
after welding. If this loss is not to exceed, say, 10 per cent
of the total tension, then §F/F = 0.1, giving

AR'Y

~ 0.6DpE

where [ = 4yx*/3

The above equation may be used as a rough guide for the
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design of the tungsten wire grid, the frame of which is
not stretched by notching after welding. In practice, a
thin flange and covering washer must be provided as shown
in Fig. 6. In the molybdenum wire grid frame, which is
stretched after welding, the tension in the wires is built
up at the same time as the stress in the frame. The best
and most economical design is one in which the greatest
permissible stress in the frame f and in the longest wire
7’ are simultaneously established at the end of the notching
process. From Equation (11) we find the maximum stress
in the frame which will be found at ¢ = 0 and =«

wR’x _»ﬁ
I + 4xy -
The second term is in practice very small compared with
the first, and may be neglected. Since w = A7/p
3rAR?

F= s

for a rectangular cross-section, so that

=y ]

This relationship may be used as a guide in the design
of the molybdenum wire stretched frame. It shows that
the ring frame of a stretched grid may be much weaker
than that of an unstretched grid, which is to be expected.
Theoretically the best place for notching is at ¢ = *x/4
and *3x/4 as here the stress is least. In practice the
notches must be closer to the centre line otherwise the
shortest wires receive no tensioning.

Fig. 8. Dimensions used in the calculation of deformation of the ring
due to wire temsion
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Piezo-electric Crystal Devices uy

By S. Kelly *

THE term “ piezo-electric crystals” to most engineers
implies only quartz crystals for frequency control, and
to a lesser extent wave filters. This limitation, of course,
has never been strictly true, and crystals of various types
and forms are finding ever increasing uses; not only in the
electronic field but throughout the scientific and industrial
fleld as well. Piezo-electricity (or “ pressure” electricity)
is the name given to phenomena exhibited by certain
materials in which pressure applied to the materials will
cause them to become electrically charged, or conversely,
in which an applied electric field causes them to deform
mechanically. Piezo-electric phenomena are confined to
crystalline substances, and more particularly to twenty of
the thirty-two crystal classes. During the last decade,
especially during the war years, a tremendous amount of
research has been expended in the investigation of
“ artificially grown ” piezo-electric crystals.

Difficulties of supply of natural quartz assumed major
proportions during the second World War, and water
soluble crystals were put forward as an alternative. The
requirements were primarily a substitute for natural quartz
as a frequency controlling element. Practically all artificial
crystals are water soluble and therefore to a more or less
degree are dependent on the humidity and temperature
of the surrounding atmosphere; this does tend to limit
the applications of water soluble crystals, although this
defect can be overcome by methods to be described later.
Frequency stability comparable to that obtained
with quartz can only be obtained with crystals
of high melting point and generally insoluble in
water. Of all these crystals, quartz itself is the only one
whose usefulness in frequency control is assured, and
quartz appears to be the easiest to grow of all the insoluble
crystals, but the difficulties associated with the successful
development of quartz synthesis on a commercial scale are
tremendous; pressures of several thousand atmospheres at
high temperatures being required. However, by the end
of hostilities certain crystals had been synthesized which
could be used commercially as frequency controlling
elements, subject to limitations. These were mainly a
rather large frequency temperature coefficient, necessitating
the use of temperature controlled ovens, the control being
%+ 0.2°C to a nominal temperature of usually 50°C, the
temperature coefficient 4 to 8 parts per 100,000 degrees
centigrade over a range of 0°C-90°C. The most suitable
crystals were neutral potassium tartrate, ethylene diamine
tartrate, and dipotassium tartrate.

Crystals for Transducers

Paralle]l with the development of crystals for frequency
control, investigations were conducted to ascertain their
usefulness as electro-mechanical and electro-acoustic
transducers, and to-day there are three of these crystals in
commercral use and a fourth under intensive development.
‘These crystals are:—

Rochelle Salt

Ammonium dihydrogen phosphate (A.D.P. or P.N.) t
Barium Titanates

.Lithium Sulphate (L.H.) t

Of these four, Rochelle Salt is by far the most widely
used. Ammonium dihydrogen phosphate, which has only
receptly been made available in useful sizes, is rapidly

* Chief Engineer, Cosmocord, Ltd.
1 “P.N,,” “L.H."” are registered trade names of Brush Development Co.
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gaining acceptance due to its relatively high sensitivity and
ability to withstand high temperatures. Lithium sulphate
is used chiefly as a thickness and sometimes as a volume
expander. The titanates, somewhat similar in construction
to high “ K ” capacitors, can be made to show a marked
piezo-electric effect and can be made up into the familiar
bender “ Bimorphs,” 1 but their long-term stability is still
in some doubt.

Rochelle Salt and A.D.P. crystals are grown by evapora-
tion. Seed crystals, which are correctly oriented slabs cut
from the mother crystals, are placed in tanks containing
a solution of the required salt together with minute amounts
of other chemicals which are used to control the habit
formation of the crystal. The tanks, which are usually
about 3 ft. by 2 ft. by 1 ft. are kept in a constant oscillatory
motion through an angle of about 10 degrees, at four
sweeps per minute by a crank system. The temperature of
the solution is brought to about 55°C, at which tempera-
ture it is fully saturated. It is then cooled at a pre-
determined rate, resulting in a supersaturated solution
which is the condition required for the seed crystals to
grow. Extreme accuracy of temperature control is required,
and any sudden changes in temperature inevitably result in
the destruction of all the crystals in that particular tank.
The controlling chemicals are required in order that the
crystals are grown to yield the most economical quantity
of correctly oriented elements. The growing process
usually takes a month to six weeks, depending on the
final temperature to which the solution is cooled; this
latter point being dictated by the maximum size of crystal
required or conditions of ambient temperature outside the
growing tank. Crystals of several kilogrammes without
any flaws or veils are quite easily grown by this method.

In the case of lithium sulphate, however, it is not possible
to grow the crystals by evaporation, and a reflux condenser
system is used in order to maintain the required degree
of saturation. The amount of condensate withdrawn from
the growing tank determines the degree of saturation in a
unit of time and governs the rate at which the crystal
grows. Lithium sulphate is a much more difficult crystal
to grow than Rochelle Salt or A.D.P. and the maximum
size of crystal is very much smaller. However, refinements
in the methods are yielding continuously improved
crystals.

RoOCHELLE SALT

Rochelle salt is chemically sodium potassium tartrate
with four molecules of water of crystallization. This salt
is highly water-soluble "and under suitable conditions
large crystals can be grown from saturated solutions of
the material. The crystalline form of the material belongs
to the diagonal holoaxial class of crystals and has three
independent piezo-electric constants. In addition, there
are nine independent elastic constants and three indepen-
dent dielectric constarts.

The piezo-electric effects in Rochelle Salt are funda-
mentally shear effects. In particular, an electric field
parallel to any of the crystallographic axes gives rise to
a shear stress in the plane perpendicular to the field. '

The resistivity of dry Rochelle Salt, that is, at relative
humidities below 45 to 50 per cent, is generally greater
than 10* megohm metres. Because of this extremely high
resistivity, and the. high dielectric constant, the low
frequency cut-off of tranducers made from “X™ cut

t * Bimorphs >’ 'is a registered trade name of Brush Development Co.
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Rochelle Salt is less than 1/10 cycle per second at all
temperatures from —30°C to 40°C,
Rochelle Salt crystals will begin to dehydrate when the

- relative humidity drops to about 30 per cent and will

begin to dissolve at relative humidities above 84 per cent.
The surface leakage becomes appreciable at relative
humidities above about 50 per cent. Continued exposure
of a crystal to conditions outside the range 35 per cent
to 84 per cent relative humidity may be expected to lead
to ultimate deterioration. Because the crystal has water of
crystallization, it has an appreciable vapour pressure.
Figure 1 shows the vapour pressure curve of Rochelle
Salt plotted against temperature, together with vapour
pressure of water vapour. If the vapour pressure of ihe
crystal is greater than the vapour pressure of the moisture
in the surrounding atmosphere the crystal will lose water
and dehydrate, and the surface of the crystal reverts to the
basic salt. This condition considerably reduces the piezo-
electric efficiency of the crystal, and in this condition it is

deliquescent and it becomes increasingly sensitive to the
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humidity of the atmosphere. Above about 84 per cent
relative humidity the crystal’s surface will absorb moisture
from the ‘atmosphere and will eventually dissolve if it is
kept for any period of time under these conditions.
Fortunately, in most transducer applications, extremes of
humidity are only of short duration, the average value
lying within the safe range. Where the crystals are used

" in microphones, which for other reasons are hermetically

sealed, the humidity restrictions do not, of course, apply.
In the early days of crystal device design, one of the
greatest difficulties experienced with Rochelle Salt crystal
elements was their apparent lack of reliability. Theoreti-
cally they should stand up to temperatures up to 55°C.
In practice they were found to break down at as low as
35°C. This naturally imposed limitation on their use.
Experiments carried out by Cosmocord Limited proved
conclusively that these failures were due to varying and
excessive moisture content in the crystalline structure, )
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The problem therefore was to protect each crystal from
moisture in the air. The answer seemed to be a water-
proof coating which would seal off the crystal from
moisture, but there were certain difficulties in applying
such a coating. First of all, the coating would have to
be flexible, so as not to restrict the crystal’s movement ;
otherwise the crystal would not function -efficiently.
Secondly the coating could not be allowed to alter to any
great extent the dimensions of the crystal or this would
affect delicate assembly work. Lastly, the coating would
have to be capable of adhesion to the crystal. Obviously,
a coating which did not adhere closely would strip off
during assembly or during the crystal’s working life. The
requirements appeared to be mutually contradictory, a
coating tough enough to keep out moisture, but at the
same time extremely thin and flexible.

The final answer to the problem was a plastic coating
of three-ply construction, the inner and outer layers of the
coating consisting of a plasticized polyvinyl butyral resin
which is a complete vapour barrier. The intermediate
layer consisted of a combination of two different synthetic
resins, suitably plasticized; and in addition, a primer coat
between the three-ply coating and the actual crystal
element, which serves as a waterproof adhesive.

Before this coating is applied, the crystals are condi-
tioned in drying cupboards for at least 72 hours. Thess
cupboards are specially designed to hold 3,600 crystals
each. They are thermostatically controlled to a maximum
temperature of 25°C. The air before entering the actual
drying chamber first passes over silica gel which condi-
tions the atmosphere to 40 per cent relative humidity.

When the crystals have been loaded onto frames and
conditioned, they are dipped immediately as they come
out of the conditioning cupboard. The method of
dipping is as follows :

The crystals are suspended in clamps by their electrodes.
The clamps are placed onto a frame which is then fitted
to the machine and lowered into the solution. On an
average each frame holds 120 crystals. The machine auto-
matically withdraws the frames very slowly. Obviously if

" they are brought out quickly, drops of the solution will

adhere to the crystals, and when the solution

dries will leave bumps on the crystals. The with-
drawal of the crystals is controlled by an ingenious
device. Oil in a cylinder is forced through an

adjustable needle valve which regulates the speed of
withdrawal. This speed of withdrawal also determines the
thickness of the coating. The most satisfactory speed has
been found to be 2 mins. 24 secs. per inch of travel
Trouble occurred at first when the speed was controlled
by this method because day to day changes in tempera-
ture altered the viscosity of the oil, thereby changing ihe
speed. This was remedied by using a special purpose oil.
Another factor to be considered is the viscosity of the
solution itself. Therefore it is essential to control the
temoerature of the solution and to keep it at a constant
heat which makes it ideal for coating the crystals. This
is done by using elements to heat the tanks containing the
solution which are thermostatically controlled, and keep
them at a temperature of 28°C.

. A very recent development in gramophone pick-ups is
to suspend the crystal element in a plastic gel; this gel,
besides conferring desirable mechanical properties to the
element (the so-called “ unbreakable crystal”) also effec-
tively hermetically seals the crystal and completely pro-
tects the unit from moisture. Tests made at 98 per cent
relative humidity and 40°C over long periods of time in-
dicate that units treated in this manner are completely
water and moisture proof. It should be noted in passing
that Rochelle Salt. crystals will dissolve in their water of
crystallization at temperatures above 55°C. Consequently,
Rochelle Salt elements should never be subjected to tem-
peratures in excess of 55°C and no attempt sholld be
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made to use them in applications at ambient temperatures
above 45°C.

Between the two Curie temperatures (—18°C and 24°C)
Rochelle Salt exhibits ferroelectric properties and the
polarization field curves show hysteresis curves in a
manner analogous to that shown by ferromagnetic
materials. The result is that the dielectric constant of
the material is the function of the field strength and also
temperature. At very low field strengths the dielectric
constant is much smaller than higher ones, and for field
strengths below about 5 volts per cm. the dielectric con-
stant is about 200 at 0°C rising to approximately 1,500
at the Curie points. If the crystal is mechanically re-
strained in any manner the temperature capacitance
anomaly is considerably reduced, and in the case of a
bimorph the maximum change in capacitance with tem-
perature is usually less than 3 to 1. Figure 2 shows the
average of a group of bimorphs, with capacitance plotted
- against temperature. This curve was taken with the
_crystals freely suspended, and when they are coupled into
electro-mechanical systems, which increases the loading,
the temperature anomaly is still further reduced.

AMMONIUM DIHYDROGEN PHOSPHATE
(A.D.P. or P.N.)

Ammonium dihydrogen phosphate is a water soluble
salt containing no water of crystallization. The crystalline
form of the material belongs to the ditetragonal alternating
class and has two independent piezo-electric constants.

The piezo-electric effects in A.D.P. are fundamentally
shear effects. In particular, an electric field applied
parallel to any of the crystallographic axes gives rise to
a shear stress in the plane perpendicular to the field.

The volume resistivity of A.D.P. is sufficiently low that
its influence on low frequency performance must be con-
sidered. As a consequence of the temperature dependence
of the volume resistivity of AD.P. the low frequency

cut-off of A.D.P. transducers is also temperature
dependent.
Ammonium dihydrogen phosphate transducers are

relatively responsive to humidity changes if not protected
by a moisture-proof coating. For an unprotected element,
surface conductivity becomes appreciable at relative
“humidities above 45 per cent to 50 per cent and the
material will become wet and start to go into solution at
humidities above 94 per cent. The application of moisture-
proof coatings previously described to an A.D.P. trans-
ducer, while not constituting 100 per cent protection from
protracted exposure to conditions of high relative
humidity, provides elements sensibly stable over long
periods of time if the average relative humidity of 95 per
cent is not exceeded. Alternatively, when used as super-
sonic transducers, protection against humidity effects is
obtained by placing the elements in hermetically sealed
containers filled with mineral oil. The maximum usable
temperature with’ A.D.P. is 100°C.

LrraiuMm SurLpHATE (L.H.)

Lithium sulphate is a water soluble salt containing one
molecule of water of crystallization. The crystal belongs
to the Polar class of the Monoclinic system, and has eight
independent piezo-electric constants, thirteen independent
elastic constants, and four independent dielectric constants.

The piezo-electric behaviour of lithium sulphate is com-
plex in comparison with that of Rochelle Salt or A.D.P.
Generally speaking both compressional modes and shear
modes can be obtained with suitably oriented plates. In
addition, the nature of the material is such that it exhibits
the “hydrostatic piezo-electric effect”; that is, if a
suitably cut lithium sulphate plate is subjected to a uniform
hydrostatic pressure an electrostatic charge will be
developed across its faces. The plates which find most
application are Y cut plates with the major faces elec-
troded and lying in the X-Z plane. Such plates behave
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basically as thickness expanders and also exhibit the
hydrostatic piezo-electric effect.

The volume resistivity of lithium sulphate is greater
than 10** ohm metres, which is so large that the effects
of volume conductivity on the low frequency response of
lithium sulphate elements can be neglected in comparison
with surface effects.

The water of crystallization in lithium sulphate is
strongly bound in the material so that lithium sulphate
exhibits no ill effects when exposed to conditions of low
relative humidity or vacuum at moderate temperatures.
Conditions of high relative humidity will lead to surface
leakage effects and relative humidities in excess of 95 per
cent will cause deterioration of the crystal.

The maximum safe temperature at which L.H. trans-
ducers can be used is 75°C.
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Fiz. 2. Capacitance-temperature variation. Rochelle Salt Bimeorph
Barium Titanate Ceramics

These transducers are the result of research into certain
titanates, notably barium and strontium, in an attempt to
provide high-K dielectrics with high dielectric strength
for miniature capacitors. Unlike the crystals previously
discussed, barium titanate has a multi-crystalline structure.
It is basically a ceramic made up of a number of crystals
of barium titanate (and sometimes additions of strontium
or lead titanate) with their axes randomly distributed.
They are fused at a high temperature, sometimes with the
addition of small amounts of silica and other substances
used as a binder. The material exhibits ferroelectric pro-
perties and, like Rochelle Salt, the permittivity is depen-
dent on temperature. Figure 3 on page 103 shows a repre-
sentative sample. There is a very large peak in permittivity
at the Curie temperature, below which it drops rapidly.
Below the Curie temperature the material exhibits
hysteresis phenomena with greatly increased losses in
strong fields. These phenomena are not present at tem-
peratures above the Curie point and in the case of pre-
polarized ceramics which have been exposed to these high
temperatures, the piezo-electric effect permanently dis-
appears, although repolarizing will restore it. The Curie
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temperature of barium titanate is about 120°; if some of
the barium is replaced by strontium the Curie temperature
will be reduced, and for a ratio of 70: 30 barium/stron-
tium, the Curie temperature js 0°C. The substitution of
lead for some of the barium raises the Curie point
although the permittivity drops somewhat. If such
ceramics are maintained under an electric bias they will
show a linear electric response to a vibrating force. The
ceramic shows two electric modes, one is a compressional
mode parallel to the electric field and is almost comparable
to a quartz X cut, the other has a lateral compressional
mode which can be used in the conventional bending
assemblies similar to the Rochelle bender bimorphs.

It was found several years ago, during measurements of
the dielectric strength, that the ceramic became per-
manently polarized and showed apparently permanent
piezo-electric effects. Usually these effects are very small,
but by suitable processing they. can be made usefully large.

The dielectric constant of the ceramic is about 7 to 10
times that of Rochelle. The stiffness is approximately
twice, and the ratio of voltage output per unit force is
seven times worse than Rochelle, giving an overall
efficiency of about —20db in respect of Rochelle when
used in conventional assemblies. In order to bring the
mechanical impedance to reasonable limits ceramics must
be manufactured in extremely thin portions, usually about
0.005in. to 0.010in. The standard bimorph is about lin.
long by 1/16in. to 1/32in. wide and about 0.025 thick.
The two elements forming the bimorph are cemented to-
gether with a conducting cement, the two outer surfaces
being electroded in the normal manner and the electric
connexions made by means of silver foil. Because of the
high capicitance of the elements it is possible to use the
two elements in series and even then the electrical impe-
dance of the unit is only about 10-20 per cent of an
equivalent Rochelle bimorph. The assembled bimorphs
can then be used as conventional bender elements pro-
viding the necessary precautions required in the handling
of very fragile ceramics are observed. Before these
ceramics can be used commercially entirely new techniques
of fabrication and assembly will have to be evolved.
With all the present forms of conventional ceramic
structures, the frequency response of transducers using
them is restricted to a range of about 50 to 5,000/6,000 c/s.
Long term developments now taking place show promise
that this range will be considerably increased, and the
mechanical and electrical properties improved to a point
where in a few years’ time ceramics may become a possible
rival to Rochelle. It must be emphasized, however, that at
this point ceramic transducer manufacture is an art rather
than a science, and is in no way comparable to Rochelle
except in freedom from deleterious effects of humidity

The various forms of titanate transducers at present
available in commercial quantities are poly-crystalline .in
nature (unlike, say, Rochelle Salt or A.D.P., which are
composed of only one crystal) and are rendered piezo-
electric' by electrical polarization after the elements are
fired and usually after fabrication. The piezo-electric
effect of titanate transducers is destroyed permanently if
the transducer is raised to a point.above the Curie tem-
perature, although re-polarizing will usually return the
titanate to the piezo-electric state.

One very disconcerting trouble is the inability to predict
the life of a ceramic. Although the initial sensitivity of
the ‘ceramic element drops by 20 per cent in all cases in
the first two or three weeks after polarizing, some ceramics
fail after one or two months of use, and some are still
active after 18 months to two years. We are, however,
confident that with some refinements in the present method
of manufacture they can expect a life of at least 18
months. A maximum limiting temperature with present
production titanates is 70°C.

Crystal Fabrication

The magnitude and character of the piezo-electric effect
in any crystalline material is greatly dependent on .h=
orientation of the applied force or electric field with
respect to the crystalline axis of the material. These axes
constitute a co-ordinate system established by crystallo-
graphers for the purpose of simplifying discussions on
crystals.

While in a sense these co-ordinate systems are arbitrary,
they are at the same time so chosen as to coincide as far
as is possible with the ““ natural ” axes of the crystal, and
in such a manner that the symmetry properties of the
crystal are most easily described in term of their axes.

Piezo-electric devices are constructed using slabs of
material cut from the crystal and never the whole crystal
itself. These slabs are known as “ cuts”’ and are identified
by the axis perpendicular to the largest face of the cut.
Thus if a plate is cut with its major face perpendicular to -
the “ X crystallographic axis, it is known as the “X”
cut, etc. For certain purposes, cuts are made at other
angles than perpendicular to the axes, i.e. the “ zero tem-
perature coefficient” cuts of quartz, and these cuts are
given identifying names which are more or less descriptive
of their origin.

Single Plates

The simplest piezo-electric element is the shear plate.
This is a rectangular plate of piezo-electric material of
such a nature that a voltage applied to its major faces
produces shearing stresses in the plane of the plate.

The X and Y cuts

2z of Rochelle Salt
and the Z cut of

ammonium dihydro-

gen phosphate are

the principal sources

Y\‘ A Ve of shear plates for
ANESN / present day piezo-
W electric transducers.

AR\ Figure 4 illus-

trates an X cut shear
plate in the virgin
crystal. The three
axes X, Y and Z are
shown in - relation
to the crystal struc-
ture and these sym-
bols are wused in
all subsequent illus-
trations to denote
their respective axis.

W .
/ \\\|| PLATE FOR
'\ [T BENDER BIMORPH

¥
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ig. 4. A Rochelle Sal | showing th .
and temperature of unprotected elements. Fig. 4 K and Z s O ™ Figure 5 shows an
MARCH 1951 103 ELECTRONIC ENGINEERING



X plate cut rom the crystal. An appiication of
a voltage in the X direction results in shear stresses
set up at 45° angle to the Y and Z axes. Suppose
that the corners of the plate are cut away to leave the
dashed outline in Figure 5. It is evident that this element
will expand along one axis and contract along the other

z if a voltage s
applied - to major
faces. Such a plate,

/K‘\ cut from a shear
NN plate at 45° angle
Y ANK will form an ex-

X
ELECTRIC  pander element. A
simple mounting of

is easily obtained by
fixing one end of
the element to a
base plate. The recti-
linear mechanical
A load or drive can

then be applied to
Y "the opposite end.

It is important
to observe
that such an
expander element
undergoes extension
and contraction in
the directions of
both its length and width dimensions. This has
several consequences. First, it complicates the problem
of mounting the element since any mounting which
restrains motion in the width direction will affect the

AL

AN |

)

OPTIC/'Z.
AXIS

Fig. 5. An X-plate cut from the
crystal shown in Fig. 4

an expander block-

behaviour of the element, particularly the resonant fre-
quency. Secondly, the existence of both length and width
vibrations makes the behaviour of the element dependent
to some extent on its length to width ratio.

Bimorph Crystal Elements

Piezo-electric shear plates can be used very advantageously
in many situations because of their simplicity and small
size. The mechanical impedance of these units, however,
is somewhat high and the voltages which can be produced
in simple shear or expander cuts, from, say, a microphone
diaphragm, etc., are generally too small to be useful. To
secure a reasonable mechanical or electrical output from
these elements alone required auxiliary lever arrange-
ments. It is immediately apparent that these will be
unsatisfactory at high frequencies because of the lever’s
mass, to say nothing of the complications in design, thus
nullifying the simplicity of crysta] systems. These un-
desirable features of expander and shear plates can be
eliminated by the combination of elements known as a
* Bimorph ",

A bimorph is, in essence, a mechanical transformer
operating on the principle of the bi-metallic strip. It will
be remembered that in the bi-metallic strip large motions
are produced by the unequal temperature expansion of
two dissimilar thin metal strips firmly connected together.
In a bimorph, the unequal expansions are, however, not
provided by temperature changes, but by the use of two
“mirror ” expander or shear elements cemented together
and connected in such a fashion that one element expands
(or shears) in one direction, while the other element con-
tracts (or shears) in the opposite direction.

(To be continued)

A Pulse Width Discriminator for Television Frame Synchronization
By A. N. Hunter, B.Sc., A.Inst.P.*

HE circuit described has been in use for twelve months

in the author’s television receiver and- achieves perfect
interlace with complete freedom from critical adjustment.
It is therefore particularly suitable for home constructed
receivers.  Although separate pentodes have been used
for 1 and V2 the circuit behaves satisfactorily with a
double triode with separate cathodes, such as the 6SN7.

The output of any conventional synchronization
separator giving negative pulses, such as is indicated for
V1, is coupled to the grid of a switch valve V2. V2 is
normally held hard on by returning the grid leak Rl to
H.T. positive. Thus in the quiescent condition the capacitor
C2 is discharged. On the arrival of a synchronizing pulse,
V2 is cut off for the pulse duration and so generates an
exponential waveform at its anode. Owing to the different
duration of the two kinds of pulses the amplitude of this
“sawtooth ” will be four times as high for the frame as
for the line pulses. This makes it easy to discriminate
between the two sizes of “‘sawtooth” by means of the
amplitude discriminator ¥3.

The output of V2 is directly coupled to the grid of
V'3 and this valve has a bias which may be varied through
R3. Setting this bias so that the smaller ‘‘ sawteeth,” due
to the line pulses, cannot get- through, we have steep
negative pulses at the -anode corresponding to frame syn-
chronizing signals. These pulses are used to trigger the
frame time base.

The sides of the synchronizing pulses from V1 are
certainly steep enough to define the commencement of the
“sawteeth ” to a microsecond or so. With the time con-
stant of 50 microseconds specified for R2C2 the frame

* Physics Dept., University of Leicester.
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output from V2 attains about 60 volts with a H.T. supply
of 250 volts. Allowing for the exponential form this means
an average slope of about one volt per microsecond. If
V3 has a grid base of 5 volts the pulse generated at its
anode will fall in 5 microseconds and has an amplitude
of 100 volts or so.. This time represents the greatest pos-
sible variation in triggering the frame time base and is
quite undetectable in the line spacing.

The capacitor C3 was added in order to stretch the back
edge of the synchronizing pulses from V3. If preferred,
V1 may be directly coupled to V2 by simply connecting
R1 across the coupling capacitor C1 so as to preserve the
D.C. level.

HIT+

TO FRAME
TIME BASE

50p7

C3
ffelel}
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An ALPHA PARTICLE COUNTER

for Students’

'experiments

By R. L. Woolley, M.A., A.Inst.P.*

THE apparatus described is for honours students’ use
in studying the c-activity of Thorium C and its products.
It is convenient for this purpose as it is robust and stable,
and its controls are simple. It can-be constructed entirely
from standard radio equipment, with large tolerances on
almost all components, and very little trimming of com-
ponent values is required.

Alpha-particles are detected by their ionization in a
chamber 2mm deep. The ions from the track of one
a-particle are collected by a strong electric field and the
resulting voltage pulse is amplified and shaped by a four-
stage amplifier with a gain of about 10°. The pulses are
next passed through a discriminator to remove background
noise, and then counted by a Kipp relay counting-rate
meter.

The ionization-chamber and amplifier are built in one
unit and the discriminator and counting-rate meter in
another. In addition a cathode-ray oscillograph and a
power pack giving 300V, 50mA are required. A general
view of the apparatus is shown in Fig. 1 {above).

Tonization Chamber and Amblifier

Details of the ionization chamber are given in Fig. 2.
Tt is constructed entirely of brass, except for the insulators
shown, which are carefully machined to fit with enough
friction to hold the electrodes firmly. The front wall of

the chamber is a wire gauze of 1mm mesh, maintained at’

about + 1,000V. The ends of the gauze wires should be
covered with solder, to avoid corona leakage to the central
electrode. The ions collected from the track of any
a-particle which enters the chamber are driven by the
electric field on to the central electrode.

The first valve ¥, (Fig. 3) is very important as it deter-
mines the background noise level. An EF50 or an RL7 is
found most suitable. It is worth trying several valves, as
the noise of different valves of the same type may differ
by a factor of two or more. Considerable noise may be

* St. Andrews’ University.

MARCH 1951

105

caused by bad contact between the valve pins and the
socket; but with care this may be avoided with both
ceramic and paxolin valve sockets. D.c. heating is used
for ¥, and V, to avoid hum from mains harmonics. A
signal - to - noise

ratio of about

: \Eg 20:1 is obtained.

6 AC7 valves

// are used for the
/// ~——Chaszis  three remaining

stages as these are
more robust than

EF50’s. A short

Wire Ebonite tim e - cpnstant
Souze HRNERL N Y C(l)upl:jng t;s em-
|_Polyst ploye etween

AR the first two

o - stages to sharpen
m\TO grid the ao-pulse to
about 50uS. The
remaining stages
have longer time-
constants in
order to transmit
the pulse without
distortion. In the
present model the
output is taken to
the discriminator
through a
shielded cable,
but unshielded
wire may be used.
The chassis measures 45 x 15 x 10cm, and is con-
structed of 20 s.w.G. tinplate with internal screens between
stages. Heater and H.T. leads and inter-stage couplings are
taken through Zlin. holes drilled through the inter-stage
screens. All components except grid resistors and E.H.T.
filter resistors are mounted on resistor racks. :
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Fig. 2.

Verlical section through
ionization chamber
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Fig. 3 (above) and Fig. 4 (right). Schematic
of the complete equipment

COMPONENT VALUES

+ watt: —R ,Ry,R 5, 100 k€; R, 400 k€2;

Ris, 200kQ; R, 1k€; R, 30k

Rs, Ri, 10kQ; R;, 5MQ; R, 1M

Ro, Rus, 50 k2; R,o, 150 kQ; R, 20 k€2

1 Waﬁi—Ru, 30 kQ R'l“l, 0'10 kQ

250V wkg.:—C,, 0.5uF; C,, 200 pF

Cs, 0.01 pF; C,, 100 pF; Cs, 300 pF;

Cs, 1,000 pF; Ci, 3,000 pF; C,, 10 pF;

Cs, 16 pF (paper); Ci, 8 #F (electro- FROM

lytic.  Cu, 25pF (electrolytic 25V AMPLIFIER

wkg.) Ci, 0.5¢F (1,000V wkg.). o

L, 10 Henries. T, 1-3 ratio, e.g., Fer-

ranti AF3 transformer with primary

capacitor removed. !
M,, 0-100 zA.

X, metal rectifier.
M,. 0-250V. 1, L, I, L, inSpeclion
6AC7;

_sockets or front panel.
Vi, EF50; V,, V, V,

Rp

M2

I 500 oc
N

=Cio

6V SOC/!

V5‘€"7.

V., Vi, Vi, EF36.

Discriminator and Counting-Rate Meter

The circuit. is shown in Fig. 4. The chassis measures
25 x 20 x 25cm.

The discriminator consists of an over-biased pentode V,

with adjustable cathode bias. V¥V, and ¥V, form a Kipp
relay. V, is normally conducting and ¥V, biased beyond
cut-off, but a negative pulse on the suppressor of V, will
cause V, to conduct and ¥V, to be cut off for a period of
order R,,C, (or whichever capacitor is selected). Thus the
average anode current of V, is a measure of the number of
o-particles arriving per second. This is recorded on the
meter M,. The R-C filter across the meter reduces the
effect of statistical fluctuations in the rate of arrival of
pulses, especially at the higher counting rates.

The Kipp relay is in correct adjustment when the anode
currents of V', and V. are correct. This adjustment is made
after assembly. First adjust R,, till the anode current of
V, is 2.0mA.

Then  short-circuit C,, remove V, from its
socket, and adjust R,, till the anode «current of
V, is also 2.0mA. The reading of the meter depends on
the H.T. potential, so that for accurate work, if mains
fluctuations are likely, it is desirable to fit a potentiometer
R,, and a small voltmeter M, with which the H.T. potential
may be kept at about 250 V *
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Five ranges are provided, obtained by changing the time-
constant of the Kipp relay, corresponding approximately to
full-scale readings of 15, 50, 150, 500 and 1,500 counts per
second. The pulses may be observed aurally by a pair
of 'phones inserted in series with the anode load of
Vs. The meter may be calibrated in terms of mains
frequency with the aid of a c.R.0. as follows:— apply a
50 c¢/s deflexion to the Y plates and adjust the time-base
frequency to any desired multiple or sub-multiple of 50 c¢/s
by observing the appropriate stationary pattern. This
known frequency may now be fed to the counting-rate
meter by taking the signal from the time-base capacitor and
feeding it into I, or I, according to its sign.

When using random pulses during counting, instead of
periodic pulses as in calibrating, a small correction must be
made to allow for the random pulses lost while the Kipp
relay is on (i.e.,, ¥V, conducting). Let i be the average
current flowing through M, at an average count-rate of n
per second, and let / be the average anode current through
V, when it is conducting. It follows that ¥V, is conducting
for a fraction of i/I of the total time, and hence the

* Alternatively the contro) grid resistance of V4 could be increased to
about | megohm and connected to HT+ instead of earth, and My omitted.
This would compensate for H.T. fluctuations, as the duration of flip would
then be inversely proportional to the H.T. voltage, and the product of
current X time would be approximately constant. This device was suggested
to the author by Mr. D. M. Mackay.
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number of pulses missed will be ni/(/-i) per second, and
the true. count-rate will be ni/({/—i) per second. Here
I =2mA and at full scale i = 100uA. Hence there is
a 5 per cent correction at full scale, and proportionately less
at smaller deflexions.

Typical Experiments

Study can be made of the o-activity of thorium active
deposit from a } millicurie radiothorium source (obtained
from the Radiochemical Centre, Amersham). The active
deposit is collected by recoil on a negatively charged brass
block as shown in Fig. 5. The amplifier gain is first
adjusted to give a maximum pulse height of about 30V,
monitored by a c.R.0. at /,. The discriminator bias is then
set so as just to cut out the noise and to give zero count-
rate when the a-source is removed.

(a) A short exposure of 15 minutes to the radio-thorium
source gives nearly pure thorium B. The ensuing growth
and decay of thorium C may now be observed over a period
of 48 hours with the source at a fixed distance (3cm) from
the chamber.

(b) The ranges of the two groups of o-particles and their
relative numbers may be deduced by counting the number
of particles collected at different ranges.

(c) The ion-density along the track of an a-particle rises
to a maximum near the end of the range. This variation
of ion-density may be observed on the c.R.0. as a corres-
ponding variation of pulse height with range. In

addition, if a
source Is placed
4cm  from the
chamber, the
short - range par-
ticles are near the
end of their travel
and give pulses
nearly double the
size of those of

~120V

[+——Brass

Ebanite

7 Brasy the long-range
particles. By
Rodiothoriym J_ I'avlSl[_lg the .dlS-
. . = criminator bias
. C T . the long range
Sl particle pulses

S S S -]

may be completely
cut off and the
+ - short-range
particles counted separately.
(d) The stopping power of thin metal foils may be
measured. . S

Fig. 5. Vertical section through radiothorium
source | .
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Use of a CatHode Ray Oscillograph as a Harmonic Generator

By Colin Adamson, B.Sc.(Eng.), AILM.E.E. *

IN order to determine the relative phases of the harmonic
components of a complex voltage waveform, the
apparatus described below was-constructed.  Apparatus
for harmonic analysis, in general, only provides informa-
tion in respect of the magnitudes of the harmonic com-
ponents under test. For the determination of relative
phase, one method requires a source of voltage of the
same order of magnitude as the unknown component, of
the same frequency, and of variable known phase. The

Fig. 1. ‘ Negative ”  print of Fig. 2. Similar mask for ninth
mask used for third harmenic harmonic generation
generation

procedure is to apply, in series, both known and unknown
harmonics to the harmonic analyser; the analyser having
initially been tuned to the test frequency. The phase of
the known harmonic is adjusted until the analyser regis-
ters either a maximum or a minimum. In the former case
the test harmonic will, at this setting, be in phase with the

known harmonic, and in the latter 180° out-of-phase. This
latter procedure is preferable since it allows for the * meter
scale multiplier ” switch on the wave analyser to be
reduced, thereby providing greater accuracy in virtue of the

* A. Reyrolle & Co., Hebburn-on-Tyne.
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increased sensitiveness at low values of input voltage. The
phase shifting control is, initially, calibrated in terms of
phase angle.

General Arrangement of Apparatus

In principle the light reaching the cathode of an emission
type photo-cell is varied sinusoidally at a harmonic fre-
quency, the output voltage of the cell appearing across a
load resistance being utilized, as outlined above, as the
phase reference voltage. A mask of a type illustrated by
the photographs of .Figs. 1 and 2, is used to cause varia-
tion of the light excitation at harmonic frequencies.

For equal deflexional sensitivities, two equal voltages in
phase quadrature, applied to the deflecting plates of a
cathode ray oscillograph, produce a circular trace on the
screen, caused by synchronous rotation of the electron
beam. The trace acts as the light source in the harmonic
generator. A mask having, say, five radial arms, placed
between the screen of a tube and the photo-cell, gives rise
to an output voltage of five times fundamental frequency.
Furthermore, a sinusoidal distribution of the shading on
the mask, circumferentially, produces a sinusoidal output
from the photo-cell. The masks are photographic nega-
tives, mounted in a frame permitting adjustment into a
position of symmetry with respect to the circular trace.
The photo-cell output is fed to the output potentiometer
0-0’, via an R-C amplifier and a parallel-T network, tuned
to eliminate all 50 c/s. “ pick-up.” Pavlat and Gilson,’
have outlined a circuit using a c.R.0. and a mask, in the
form of a silhouette cut from cardboard. Their apparatus
however, is designed to produce waveshapes, for medical
purposes, of outlines not readily obtained by means of
electronic circuitry.

The phase of the output wave is varied by time dis-
placement of the electron beam, caused by shifting the
phase of the voltage applied to each pair of deflecting
plates by the same amount. The 50 c/s. input is fed to
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points b and d of the phase-shifting bridge abcd. The
- bridge output goes to a potentiometer ef, supplying the
quadrature device ghj. From ghj, two voltages, in quad-
rature, are applied symmetrically to the deflecting plates
of the c.r.o. The potentiometer ef, though not essential
to the operation of the circuit, is necessary during produc-
tion of the photographic negatives for the various fre-
quencies. Details of circuits for the production of

circular traces may be found in the numerous works of
reference on the C.r.O,
end of this article.

some of which are listed at the

Fig. 3. Fifth harmonic output of
the generator, expressed as a
Lissajou figure

Fig. 4. Seventh harmonic output,
in phase

Method of Producing the Masks

A circular trace may be modulated by applying, between
grid and anode of the c.r.0., a voltage having a frequency
that is an integral multiple of the fundamental. In order
to produce photographic negatives for use as masks, the
procedure adopted was to photograph the modulated
circular trace, with a short time exposure, at the same
time varying the trace diameter with the potentiometer ef.
Figs. 1 and 2 illustrate masks, made by this method, for
third and ninth order harmonics.

The modulating voltage, in all cases, was supplied by a
dynatron oscillator, having a near-sinusoidal output wave-

The effect of small variations in waveform, due to varia-
tions in shading, at any diameter, thus tend to cancel out
with small variations at other diameters.

Calibration and Operation

During operation it is possible to obtain variation of
output by alteration of the brilliance control of the c.r.0.
Rather more satisfactory, however, is to maintain constant
brilliance, and prov1de for output variation with the
potentiometer o0-0".

Calibration may be effected by using a double beam type
of c.r.0. as an indicator. A potentiometer is used to apply
a fraction of the input voltage at bd to give deflexion of
one beam. The generated harmonic, applied to cause
deflexion of the second beam, is automatically synchronized
with the first trace, since it is derived from the same source.
By setting up a scale of degrees, along the X-axis of the
screen, positions of the pointer of the resistor b¢ may be
plotted against the phase of the harmonic, with respect to
the fundamental sine wave. An alternative, and more
satisfactory arrangement, is to supply the potentiometer ef
from one of the phases of a three-phase phase shifting
transformer. This instrument has the advantage of having
a uniform scale of degrees with rotation, over 360° if
required, in contrast to the cramped and restricted scale
of the phase shifting network. For purpose of calibration
and subsequent use, the instant when both the reference
wave and the harmonic are passing through zero, increas-
ing in a positive sense, is taken as 0°, and the * in-phase ”
condition. Figs. 3 and 4 show the wave-forms obtained of
the fifth and seventh harmonic outputs respectively. The
former 1llustrates the “ 180° out-of-phase ”, and the latter
the * in-phase ” condition.

The maximum voltage available for any harmonic was
of the order of three volts. This was quite adequate for
the purpose for which the apparatus was constructed.
Higher order outputs could be obtained simply by the use
of an additional stage of amplification.

Masks were constructed for harmonics from the third
to the eleventh, inclusive. With no additional difficulties,
masks for the thirteenth harmonic and upwards could be

i
T
1M
L
Fig. 5.

form. In practice, it was not found too difficult to main-
tain the oscillator output constant in phase, during the
period of exposure. If the phase varied slightly, the effect
was to cause the “arms” of the mask to curve in either
a lagging or a leading sense. A slight tendency towards
this is apparent in the mask for the ninth harmonic (Fig. 2).
Slight phase variation of this nature, however, does not
appreciably alter the output waveform. This is particu-
larly true if the circular trace, during operation of the
apparatus, is. de-focused, so that it embraces a radial
distance of approximately one centimetre on the mask.
This is the main reason why it was found desirable to
vary the diameter of the modulated trace during exposure.

-
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Compiete circuit arrangement

made using the same technique. = An Admiralty pattern
medium voltage tube, (W 1071/ACR 1) electrostatically
focused and deflected, was used. Almost any tube will serve,
however, the main consideration being that the trace should
be bright enough to ensure adequate illumination for the
photo-cell. The light detector used was a Baird, type VAIll
photo-cell, with 200 volts H.T. The complete circuit
arrangement is indicated in Fig. 5, points “ef”’ being shown
supplied by a phase-shifting bridge.

REFERENCES

1 Gibson and Paviat, Medical stimulus circuits, Elecrranics P99, July, 1948.
2 Staff of Radio Research Board, Jour, I.E.E., 7 32.

2 Pulley, Wireless Engineer, 13, 593 1936.
¢ Rawcliffe, Jour.I.B.E., 89, part 3, 191, 1942,
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An Electrometer Impedancé
Convertor

By E. J. Harris,

THE use of the 954 acorn and similar valves, operated
under reduced potentials in order to achieve low grid
current has become a well-known method of obtaining a
high input impedance for electrometer applications.*?*
The signal can be applied either to the control grid or to
the suppressor. The former method leads to a lower
input capacitance, as the grid is screened from the anode,
but does not provide as low a grid current as the latter
(which is stated to be 10~*—10~'* amp.). In order to
obtain a linear response to the applied signal, and to
reduce the dependence of the input impedance on the signal
it is usual to apply amplification to the output of the
electrometer stage, and to feed the amplified output back
in opposition to the signal on to the low impedance end
of the grid resistor. In this way the operating potential
of the electrometer grid scarcely changes and the input
impedance is not varied by the signal. Examples of this

" stages of subsequent amplification,

Ph.D, DIC. *

Gl or G3 injection.is used.* It is only necessary to
modify the anode load in order to keep on the linear part
of the grid_base of the amplifier valve. This arrangement
makes the electrometer one of the resistances in a bridge
across the amplifier cathode and earth, the output of the
amplifier is thereby made much -less sensitive to changes
of the high tension supply than would have been the case
if the electrometer anode potential was derived from a
potentiometer across the supply.

In order to obtain the amplified signal in the correct
phase for degenerative feedback it is necessary to follow
the electrometer stage either with one stage of amplifica-
tion and a phase invertor (as in Fig. 1), or to use two
In order to determine
how much amplification was necessary, some measurements
were mader on a 954 operating with 4V on the heater,
and the anode load returned to the source of screen

potential. Using G1 injection,

RaS Ry
c c

Ry

N

6V
RV3

"'R\ﬁ

- RV
,"
SRV

e I

0+192 with 3V  bias, and 100k ohm

anode, the anode current at 30V
high tension was 12uA and the
stage gain was 2.2. At 20V H.T.
the gain fell to 0.5. Using G3
injection and 30k ohm anode load
and 4.5V cathode bias, the anode
current at 20V H.T. was 110uA
and the stage gain 0.7.  These
potentials are higher than those
recommended by Nielsen, but the
grid current was certainly not
more than 10~** amp. It appears
that for most purposes adequate
feedback is obtained if the electro-

meter stage output is amplified by

Fig. 1. Circuit for battery operation using G3 input. Fig. 1a.

stage when using G1 input,

Component Values (These apply to both figures)

Ry 24Kk ohm (wirewound) R; 1k ohm (wirewound, to carry 150 mA.)
Sfig. la) 100k ohm " R, 280 ohm ) o & 5
s 100k ohm ' RV, 50k ohm Helical potentiometer shunted with 150 ohms.
R, 160k ohm . RV, 9100 ohms tapped at 100 ochm steps.
R, 100k ohm (carbon) RV, 500 ohm.
Ry 1M ohm (wirewound) RV, 15k ohm variable in series with 30k ohm fixed.
R, 160k ohm . RV 50 ohm to carry 150mA.
R, 150 ohm 0
(g 500 pF.

use of feedback are to be found in the papers of Graham,
Thode and Harkness* (G3 injection), and Downing and
Mellin® (G1 injection); the circuits were used in conjunction
with a mass spectrometer and an ionization gauge respec-
tively. The application of 100 per cent feedback means
that the E.M.F. appearing at the output of the amplifier is
equal and opposite to the signal applied to the electrometer
grid, but the output E.M.F. can readily be measured as the
amplifier provides sufficient current to operate a meter.
Hence the appellation * Impedance Convertor,” rather than
amplifier.

The circuits of Fig. 1 and 2 show how the operating
potentials for the electrometer stage can be derived from

a few hundred times and in this
case it is sufficient to use a single
high-gain pentode as amplifier,
and to phase-invert the output.
Even when two stages of ampli-
fication are used it is necessary to
employ pairs of valves or twin
valves in order to reduce the
dependence of the system on the
heater temperature (cf. Miller®
and also the convertor described.*)

The temperature of the cathode
of the electrometer determines
the contact potential between cathode and grid, and
so the system is sensitive to variations in the low
tension supply. The effect is less marked when G3 injec-
tion is used, for G1 is then strapped to the cathode. It is
possible to apply a compensating E.M.F. into the cathode
circuit by feeding a suitable portion of the heater potential
into the cathode circuit as bias. Then over a limited range
the bias alteration can be made to cancel the effect of the
cathode temperature change following an alteration in the
heater potential. This device has long been used in elec-
trometer circuits.”’® It is necessary to adjust the potentio-
meter across the heater by trial and error until small
changes of heater potential do not permanently alter the

Modification of first

the cathode of the succeeding amplifier stage when either

* Biophysics Research Unit, Universtty College, London.
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output reading. The bias is brought up to the required

* Prov. Patent
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value (usually about 4V) by insertion of a small battery
in the cathode lead.

Following the phase invertor a VRI105 gas discharge
valve can be used to reduce the potential by approximately
110V, and so allow a cathode follower to operate with
its output about zero potential. The output is fed back
to the low impedance end of the input, and is measured
by a suitable meter. It is necessary to correct the varia-
tions introduced by the cathode follower itself on account
of changes in its cathode temperature. This can be done
either by returning the indicating meter to a second cathode
follower whose cathode potential is set at zero by con-
necting its grid to a slightly negative potential, or simply
by increasing the proportion of heater potential fed into
the electrometer cathode circuit as bias. There is, how-
ever, an argument for using the second cathode follower
in a mains-operated equipment because the resistance
between the zero potential tapping and the negative line,
if made common to the electrometer cathode circuit and
to the output, leads to positive feedback which limits the
lowest resistance which can be used in the meter circuit.
The use of the second cathode follower obviates this
difficulty by providing a low impedance return to negative
for the meter circuit.

Circuit Details

The 954’s used as electrometer valves
were selected, but most proved to be accept-
able provided sufficient bias was applied,
about 4V was generally ample. The test
was made using a 10'' ohm input resistance,
1.5V was applied across a lk ohm resis-
tance in series with the low impedance
end of the high resistance and the feedback
loop, and the feedback E.M.F. was observed,
or alternatively the difference between the
battery E.M.F. and the feedback appearing
at junction of the 1k ohm and the input
resistance was measured directly. If the
difference was less than 0.02V the valve
was accepted; this corresponds to an input
impedance of nearly 10'* ohms as a minimum.

operated circuit the cathode of the reference cathode-
follower is set to zero with respect to earth by adjustment
of the grid potentiometer RV'S (Fig. 2). The compensating
potentiometer RV3 is set about midway, and the balance
controls RV1 (and RV2) are operated so that a voltmeter
across the anode loads of amplifier and invertor valves
reads zero. A high value helical potentiometer is used for
RV and it is shunted with a low resistance. In this way
the difference of potential between individual turns is kept
low and the setting is less disturbed by mechanical shock.
The D.c. level is adjusted by means of RV4, while balance
is maintained by use of RV1, until the output cathode-
follower is at zero with respect to earth (and therefore to
the cathode of the reference cathode-follower). The feed-
back loop is restored, and it only remains to adjust RV3.
This should be done with a resistance in the grid circuit
about equal to that which will be used most frequently.
The output reading is observed at intervals and the direc-
tion and rate of the unidirectional change is noted. A
known change in the setting of RV3 is next made and the
rate of change of output reading again observed after
resetting the balance. After repeating this once it is possible
to calculate approximately where to set R¥'3, and the final
adjustment is soon reached. By careful setting of RV3 it

All the resistances following the input
circuit are wire-wound in order to reduce
noise and temperature coefficient. For
battery operation 6.3V heater valves are

used as it was considered that their

high conductance, unipotential cathodes, and free-
dom from microphony are sufficient to justify the
higher drain on the ©LT. supply (0.9A). The

954 is connected in series with 20 ohms to reduce its heater
pD. to 4V. CV138’s are suitable as amplifier and in-
vertor, and a 9001, triode connected, as cathode follower.
The total n.T. supply required is 240V, tapped at 48V.

For mains operation the 954 is shunted to reduce the
p.D. developed across it by a 150 mA stabilized supply, and
12V 0.15A valves are used as amplifier, invertor, and twin
cathode follower. 12SH7’s may be used in the former two
positions and a 1633 (or 12AH7) as the latter. A 240V
supply may be employed both as H.T. source and to heat
the valves in series with a suitable resistance, as when
properly adjusted a 1V change of this supply is equivalent
to only 7mV of signal, the supply does not have to be
extremely stable. One side of the 954 heater, at about
50V positive with respect to the negative of the supply,
is made the zero potential point. The capacitors C serve
to reduce the bandwidth and prevent high frequency
oscillation.

Adjustments and Performance

In order initially to set up the circuit the feedback loop
is disconnected, and the input grid is earthed. In the mains-
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A +0f240v
supply
Ry SRy 2R Rg
(e C
To d of series
} heaters
<IAH ~_ . o
b b & 1T = RVs
a rd R
e 4
. < Rv
Rs
RY,
/I
- Rva
O -of 240v
supply
Fig. 2. Circuit for operation from 240V 150mA supply. The

one side of the 954 heater and R7 is connected to the top of RVS, the
other side (at a) is connected to the heater of the following valve,
and so through to d, which is returned to the bottom of R8

is possible to eliminate that part of the output reading
instability which arises from changes in the heater circuit.
The arrangement is rather insensitive to changes of H.T. on
account of the use of a bridge circuit. The residual in-
stability when battery supplies are used depends upon the
value of the input resistance, with 10° ohms the short-term
variation observed was 1001V, and over an hour the out-
put reading changed by between 0.2 and 2mV. When an
input resistance of 10'* ohm was used the short-term in-
stability increased to about ImV, which, of course, depends
on the meter damping, but the drift was not changed.

Applications

The low grid current and linear response renders the
circuit suitable for the measurement of 10nization currents,
for measurement of bioelectric potentials using micro-
electrodes, and for hydrogen ion determinations using a
glass membrane electrode.

REFERENCES
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A Note on Cathode Resistance Stabilization
of C.R.T. Gun Current

By Hilary Moss, Ph.D.

WHEN making life tests on c.r.T.'s under conditions
of static grid drive, it is almost always most desirable
to achieve substantial constancy of total cathode current.
Measurements on screen fatigue, for example, are difficult
to interpret unless the beam current has been constant.
Continuous manual adjustment of grid bias to achieve
this end is often impracticable. It is obvious, however,
by analogy with valve circuits, that insertion of a cathode
bias resistor to develop auto-bias, must result in increased
current stability. This arrangement also avoids the need
for a separate bias supply. The purpose of this note is
to deduce an expression defining the increase in current
stability so produced.

—ive

Fig. 1. Cathode ray tube working under auto cathode bias conditions
The simple circuit connexion is shown in Fig. 1, while
Fig. 2 shows a typical modulation curve for a c.R.T.—
this being the grid volts/cathode current relationship. E.
is the grid cut-off voltage, and E4 the grid drive (i.e., the
modulus of the difference between the cut-off voltage and
the actual grid voltage). The tube working point is thus
at P. The author has shown elsewhere' that the modula-
tion curve of Fig. 2 can be closely approximated by the

equation
L=3.E 7 E7* .. ..o, 4))

where I, the total cathode current, is in microamperes for
Ey and E; in volts.

If the grid bias for the tube were derived by a cathode
resistor as in Fig. 1, then the working point on Fig. 2 is
found by drawing the load line through origin 0. Its slope is
clearly o where cot a=R. The intersection with the curve
at C is then the working point.

Fig. 3 is an enlarged view of the left-hand portion of
Fig. 2 and in addition includes two modulation charac-
teristics, (a) and (b). Characteristic (a) is the static curve
for a tube of cut-off E; on initial test. We suppose that
after running for some period the cathode activity
increases and in consequence a larger cathode current can
be obtained for the same grid drive.* Thus the new modu-
lation curve is (b), on which every ordinate is &
times that on curve (a). (This assumption as to the
effect of increased cathode activity is closely in accord
with the facts. The cut-off voltage E., being almost
entirely a function of the tube geometry, and depending
but little on the physics of the cathode surface can be
considered constant).

* This frequently happens in practice with oxide coated cathodes and constitutes
the phenomenon known as ‘‘ ageing.”
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The Stability Factor

If the tube were operating under fixed bias conditions
with a constant grid drive of E; (Fig. 3) then it is clear
that the change in cathode current on ageing would be
FD. But under auto cathode bias conditions of Fig. I
the initial working point is D and the final working point
not F but C. Thus the change in cathode current is CX.
It is now mnatural to define the ratio FD/CX as the
“stability factor”, since this quantity eXpresses the
improvement effected by use of auto bias.

Evaluation of the Stability Factor

Refer always to Fig. 3.
of FD/CX.

Firstly we see immediately that
FD =3 .EJ"? . E. ™ (k—-1)

To find CX we work in the boundary HCD. Now
since HC is only small, we may consider HCD a triangle.

We wish to calculate the valuc

Fig. 2.

Typical modulation curve for a C.R.T. Grid volts arc plotted
against cathode current

CATHODE CURRENT lc

Egd - [¢]
EC

TR

Using the facts that CX = HX .tanf = XD .tano and °
that HD = HX + XD we readily find

HD .tan o .tan @

CX = ==y, RCLLLEDELERED 3
Again we note that HD = Eq — E4. But points H and
D both correspond to equal cathode currents. Thus
3.k.E{ " . E* =3 EJ"" E*
so that .
HD = Eq4 {1 ——(1/k)””} ............ L@
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Finally to evaluate tan § we merely need to differentiate

the equation to the modulation curve. This yields
tan€~—221— k.Ed** . E;% .......... ©)

Substituting the results of (4) and (5) into (3) and
remembering by definition of the load line that tan o =
1/R, gives after some reduction

{___ k27 Eq3'? E.% + I/R}
S=E-==2.Rtk -1

cX 761 - (kT }

We now set Kk = 1 4+ ¢, where ¢ — 0 (this corresponds
to a small change in emissivity)

- Thus
21 2/7 5/2 -2
2.R.e{5-(1 + 9" E"” E~* +1/R}

70+ {1 = 1/(1 + ¢}

and in the limit as ¢ — O this yields the stability factor §
as

FD

S =

21
S = > R.ES? Ec2 41 oo .. ... 6)
3kl=.d7‘lec'2
)
c IEGREC2
(=3
H
X o LOADL/NE
Ee
; (b) /
Q)
A B
| . !
e Eq - :
:- ] —d

Fig. 3. Eniarged portion of Fig. 2 with modulation

characteristics (a)
and (b) added

In this expression R is in meghoms for E4 and E. in

volts. Finally from Fig. 3 we see that the cathode current
at the working point D is equal to 3. E4"/*. E;~% and that
this must equal (E. — Eq) tana, i.e.,
3.E/? Ec*=(E; —E)/R .......... @
Using this relation in (6) then yields
. . E. 5
Stability factor S = ’ E, T 2 ®

This is the relation sought. To determine the stability
factor one merely draws the load line on the modulation
characteristic. The intersection gives the working point
and this immediately fixes Eq. From- (8) the stability
factor is then found at once.

Fig. 4 plots the stability factor and working current
as a function of cathode bias resistor R for various cut-
off voltages. Fig. 4 was obtained by plotting a number
of modulation curves of the form of Equation (1) and
drawing on them the appropriate load lines. Increasing
the bias resistor naturally raises the stability factor, but
a limit to this process is set by the reduction in cathode
current so caused. However, it is apparent that useful
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for various cut-off voltages

improvements in stability can be obtained at beam cur-
rents of the order of 50 uA.

An obvious extension of this technique is to return the
grid of the tube to a fixed positive source, so balancing
the cathode bias developed across R. This permits high
values of R to be used without restricting the cathode
current, so that the stability can be made very high.
Practical limits are set, however, by the tube leakage and
the necessity for corresponding stability in the source of
positive voltage to which the grid is returned.

REFERENCE

** The Electron Gun of the Cathode Ray Tube *—Part 2. Jowurn. Brit. Inst.
Radio Engineers 6, 99-129, 1946,
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Kew ““A’’ Watch Tests to end

N March 1 the Kew ““ A Tests, for 67 years an inter-

national criterion of accuracy in watches, will come to
an end. New tests at the National Physical Laboratory
will be made by means of equipment capable of record-
ing errors as small as five thousandths of a second. A
quartz-oscillator clock will provide the standard of time
required and an electronic device will measure the errors
with accuracy. New cold rooms and constant pressure
equipment will be available for the tests.

The history of the Kew “ A Tests provides a measure
of the advances in watch design and production which
have taken place since their inauguration. Until 1915
tests were carried out by “eye and ear” comparison
against a weight-driven pendulum clock, and it is doubtful
whether the accuracy achieved was better than one second
a day. In that year the use of a recording chronograph
enabled variations of five-hundredths of a second in
twenty-four hours to be detected. Several years later the
inception of radio time-signals from Greenwich Observa-
tory and the installation of an electrically operated “ free”
pendulum clock, provided further improvement in
accuracy.

In recent years the performance of precision watches
approached that of the recording equipment used, so that
more accurate and impersonal methods of testing have
become necessary. The new testing equipment will pro-
vide standards of precision which will be of great assis-
tance to the British watch-making industry.
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Notes from the Industry

New Radio Industry Council. The
Radio Industry Council, reconstituted
under a plan adopted by the old Council
last year, held its first meeting on Thurs-
day, January 25, when Mr. J. W.
Ridgeway, O.B.E., was elected Chairman
and Mr. G. Darnley Smith, Vice-Chair-
man,

The new Council consists of 16
members, four being nominated by
each of the constituent associations
(B.REM.A, RCE.E.A, RE.CM.F. and
B.R.V.M.A.), and nominations are for
one year only.

Among other innovations under the
new constitution are an Executive Com-
mittee consisting of eight members, two
being nominated by each constituent, and
a committtee of Secretaries of the R.I.C.
and constituent associations with the
Director, R.1.C., as Chairman.

The new Executive Committee, which
will meet monthly to conduct all the
ordinary business of the R.I.C., consists
of: Mr. P. D. Canning, Mr. G. Darnley
Smith, Mr. M. M. MacQueen, Mr. G. A.
Marriott, Mr. F. S. Mockford, Mr.
L. H. J. Phillips, Mr. W. F. Randall, and
Mr. J. W. Ridgeway.

Television by Wire. The Rediffusion
Group of broadcast relay companies,
which relay the B.B.C. and selected
foreign broadcast programmes to over
three million people, announced recently

that they have developed practical systems-

of television rediffusion which they are
installing at home and abroad.

Viewers will have interference-free
television and a choice of broadcast pro-
grammes brought to their homes for a
weekly charge. This will include hire of
the receiver, full maintenance and replace-
ments.

Rediffusion have spent over £100,000 in
the last 15 years in research and experi-
ments on “television by wire” systems.
One of these, a communal television aerial
system, has been in operation in London
flats and hotels since 1937, while another
will supply simultaneous distribution of
more than one television programme in
addition to a choice of broadcast
programmes.

This announcement brings hope to the
eight million people living either in geo-
graphical “black spot” reception areas,
or in parts of the country not covered by
the television development programme
which aims to cover 85 per cent of the
population by the end of 1954.

Exports of British Radio Equipment in
November, 1950, were = valued at
£1,943,613, the highest monthly figure yet
and as much as the annual value of radio
exports before the war.

Total value of exports for 11 months
of 1950 was £15,987,217, exceeding the
figure for the whole of 1949 by more
than £3,600,000.

The Televiewers Association, which
now incorporates the South Coast Tele-
viewers Association is progressing with
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its plans to establish interference detec-
tor units in many fringe areas, and the
project has the G.P.O.’s support. The
detector used at Lancing for the last
two years has proved a great success in
reducing interference to a minimum.
The Association is now receiving
applications for membership from all
parts of the country, and anyone
interested should get in touch with the
Honorary Secretary, at 1 Carlton Man-
sions, Belle Vue Road, London, N.W.4.

Electronic Manual for Radio Engi-
neers. We regret that a mistake occurred
on page 75 of the February issue of
ELECTRONIC ENGINEERING, when the price
of the above mentioned book was quoted
as 57s. net. The correct price is 85s. net.

Widney-Dorlec Display Unit. A dis-
play unit of the Widney-Dorlec cabinet
system has been arranged by Hallam,
Sleigh & Cheston, Ltd., of Bagot Street,
Birmingham 4, who will be pleased to
arrange for its exhibition throughout the
country by the engineering society. The
unit was recently used at the Television
Society’s exhibition.  Organizing secre-

taries of associations wishing to have this -

system exhibited should get in touch with
Hallam, Sleigh and Cheston, Ltd.

~ The Fifth Radar Association Reunion

will take place at the Royal Empire
Society Hall, Northumberland Avenue,
Trafalgar Square, London, on Saturday,
March 10, 1951. Tickets, 8s. 6d. each,
including buffet, are obtainable from the
Radar Association, 83, Portland Place,
London, W.1.

Mullard Valve Replacement Guide. A
new edition of the well-known Mullard
Valve Replacement Guide has recently
been issued and is available from whole-
salers at 2s. 6d. net.

While the previous edition of this
popular book covered all receivers
marketed between 1933 and 1939, the
new edition includes all receivers intro-
duced between 1933 and 1949, both
years inclusive. The dealer thus has at
his disposal, in a compact and convenient
form, lists of the valve complements of
practically every commercial set at
present being used in this country.

The receivers are listed in alpha-
betical order of maker’s name, and the
post-war models are grouped separately
from the pre-war models. Where applic-
able, appropriate Mullard replacement
valves are listed for all receivers manu-
factured between 1933 and 1939. For
those valves for which no Mullard
equivalent is available, the original valve
type and make is quoted, and is printed
in italics. )

Receivers manufactured after 1939 are
listed with their original valve comple-
ments, irrespective of make.” Suitable
Mullard replacements, if available, can
be quite easily selected from the com-
prehensive Equivalents List printed on
tinted sheets at the end of the book.
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PUBLICATIONS RECEIVED

E.M.I,—ELECTRIC AND MUSICAL INDUS-
TRIES, LTD. This delightfully produced brochure
covers the work carried out by the E.M.I. group
of companies in the field of television. It covers
cathode ray tubes, cameras, outside television
sets, etc. Electric and Musical Industries, Ltd,,
Hayes, Middlesex.

TINPLATE HANDBOOK is a booklet by W. E.
Hoare containing most of the facts and informa-
tion necessary for buyers and users of tinplate,
and includes an English-French-German-Spanish
glossary of the technical terms of the trade.
Steelmaking and tinning processes are summarized,
while the major uses of the principal grades of
tinplate are indicated, and testing methods are
briefly described. This booklet can be obtained.
free of charge, from the Tin Research Institute,
Fraser Road, Greenford, Middlesex.

SILICONE NOTES ON DOW CORNING
SILICONE RESIN DC 935, This is a new
silicone resin which is claimed to be more flexible
and flame-resistant than other silicone resins, and
the notes on it include a specification. Midland
Silicones, Ltd., 49 Park Lane, London, W.1.

RADIO MATERIALS CATALOGUE is well pro-
duced and clearly illustrated, and has been com-
piled to cover the cables, insulated wires, capaci-
tors, etc., specifically developed for radio and
electronic applications. ©Only standard types are
included, but modifications can be made for
individual requirements. British Insulated
Callender's Cables, Ltd., Norfolk House, Norfolk
Street, London, W.C.2,

RADIO FREQUENCY CERAMICS is a pro-
fusely illustrated catalogue of the components,
etc., made for radio frequency and other "pur-
poses by Bullers, Ltd., 6 Laurence Pountney Hill,
Cannon Street, London, E.C.4.

N.S.F. RADIO AND ELECTRICAL PRODUCTS
is a catalogue of engineering Data Sheets on the
switches, capacitors, resistors and other products
manufactured by British N.S.F. Co., Ltd.,
Keigh'ey, Yorks.

G.E.C. COLD PRESSURE WELDING describes
the work done in the G.E.C. Research Labora-
tories on cold welding and gives details of many
new developments. It is well produced with
clear illustrations, and may be obtained from the
General Electric Co., Ltd., Magnet House, Kings-
way, London, W.C.2.

WIGGIN NICKEL ALLOYS NO. 329 is a new
publication by Henry Wiggin & Co., Ltd., Wiggin
Street, Birmingham [6. It contains a variety of
articles dealing with the uses of nickel-containing
materials in industrial heat-treating and process
equipment, including the use of nicke] equipment
in the production of phenol-formaldehyde resins.

HUNT’S CATALOGUE C.2663 covers a selection
of types of capacitors for radio and electronic
equipment manufactured by A. H. Hunt, Ltd.,
of Bendon Valley, Garratt Lane, Wandsworth,
London, S.W.[8. Copies of this well produced
catalogue are available to bona fide equipment
manufacturers.

VACTITE RESISTANCE WIRES AND TAPES
is a leaflet describing the alloys of high electrical
resistivity made by this company. These com-
prise three different alloys which are made to
meet a wide variel{Nof needs for high resistivity
materials. Vactite Wire Co., Ltd., 75 St. Simon
Street, Salford 3, Lancs.

ON HANDLING ‘‘ PERSPEX » is a reprint of
an_article printed in “ Art and Industry '’ in May,
1950. It is profusely. illustrated to show the
many applications of this material. Imperial
Chemical Industries, Ltd., Plastics Division,
Welwyn Garden City, Herts.

GUIDE TO INDUSTRYAL FILM MAKING is a
brochure published by the British Engineers’
Association and the British Electrical and Allied
Manufacturers’ Association. Its aim is to aid
manufacturers in assessing the factors affecting
the costs of producing films and the supplemen-
tary charges likely to arise therefrom. This infor-
mative boeklet can be obtained 'from either the
British Engineers’ Association, 32 Victoria Street,
London, S.W.I, or the British Electrical and
Allied Manufacturers’® Association, 36 and 38
Kingsway, London, W.C.2, price 2s. .
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ELECTRONIC EQUIPMENT

A selection of the more interesting apparatus, components and accessories compiled from information

Barrel-type Pressure Pick-ups
(Illustrated above)
.THESE pick-ups

tended for the
dynamic pressures from 1,000 to 50,000

are primarily in-
measurement  of

Ib./in.* The pick-ups consist of a thin
hollow-walled cylinder of beryllium
copper, around which are wound four
resistance elements. Stresses in the
hollow portion are therefore registered
as a change of resistance in the windings
due to strain.

The intrinsic natural frequency of the
pick-ups is very high, the limiting fac-
tors being the length of connexion from
the source to the pick-up and the nature
of the gas or fluid the pressure of which
is to be measured.

Other types of pick-ups for pressures
down to 1 inch of water are also avail-
able in this range of strain gauge pick-
ups.

J. Langham Thompson & Co.,
Springland Laboratories,
Stanmore Hill,

Middx.

3-Speed Record Changers

RADIOGRAMOPHONE Development
Co.. Ltd, announce that all their
radiogramophones and record players
are now fitted with 3-speed record
changers. Models are provided with two
plug-in pick-up heads, one for use when
playing normal 78 R.p.M. records and
the other for long-playing 45 and 334
R.P.M. records. Both pick-uns are of the
ultra lightweight high-fidelity type with
sapphire stylus—specially designed for
low record wear.

Radiogramophone models 1046 G3 and
850 G3 and record player model RPAS
are equipped for the automatic playing
of eight 10-inch or 12-inch records (not
mixed) at 33{ or. 78 - rR.p.M. Seven-incn
45 or 334 R.e.M. records can be played
singly. For export, radiogramophone
models 1046 G3 and 1048 G3 and record
player model RPA6-incorporate a similar
record changer which has the additional
feature of facilitating automatic playing
of ten 7-inch 334 or 45 R.p.M. records.

Radio Gramophone Development
: Co., Ltd.,

Bridgnorth,

Shropshire.

Moldseal Paper Capacitors

I_I UNT’S have developed a new housing
to replace the waxed cardboard
covering commonly used on standard
types of paper tubulars.

In this new construction, the units are
moulded in a special material developed
by Hunts, which provides a complete

ELECTRONIC ENGINEERING

supplied by the manufacturers

hermetic seal and ensures long shelf-life
without deterioration in insulation resis-
tance. Moldseal capacitors have a neat

and clear appearance and are suitable for

operation at temperatures up to 71° C.
Types for use at higher temperatures will
be available shortly.

Moldseal casing is already applied to
Midget Metallized Paper, Type W99, and

Miniature Metallized Paper, Type W48,

and Foil and Paper, Types L51 and L51A
are now being added to the Moldseal
range. Comprehensive ranges of capa-

citors are available for p.c. and for A.c.
operation and prices are economical.

A. H. Hunt, Ltd.,
Benson Valley,
Garratt Lane,
Wandsworth,
London, S.W.18.

Mullard Time Base/Amplifier and
C.R.T. Unit

5 ({Htustrated above)

CATHODE Ray Tube Unit B100,
with an associated Time Base/ Ampli-
fier Unit B101, recently introduced by
the Equipment Division of Mullard
Electronic Products, Ltd., has been
specially designed to meet the needs of
educational establishments where a
moderately-priced instrument is required
for the demonstration of A.c. theory and
the various applications of cathode ray
oscillography in modern research. )
Although of moderate price, the two
instruments combined electrically em-
body most of the features of the "higher
priced oscillographs normally * used in
industry and research. Among the wide
range of demonstrations that can be
made with this combined unit are: half
and full‘wave rectification, magnetic
hysteresis, harmonics, frequency deter-
mination, Lissajou figures, smoothing,
etc. It can also be used for a great
variety of tests in the laboratory.
- Another important feature of this
combined instrument is that the amplifier
section of the B101 unit can be used as a
general-purpose voltagé amplifier without
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modification. The frequency response is
from 25c¢/s to 30kc/s and a stepped
attenuator, in conjunction with a con-
tinuously-variable gain control, gives a
control of gain from zero to a maximum
of approximately 1880db.

Used in conjunction with the B100
Cathode Ray Tube Unit, the vertical
amplifier of the Time Base/Amplifier
Unit gives a maximum sensitivity of
25mV/cm over a time base frequency
range from 25c/s to 30kcfs. The hori-
zontal amplifier of this unit provides a
sensitivity of 100mV/cm.

The Mullard B100 Cathode Ray Tube
Unit is a simple instrument with its own
supply unit. It embodies a 3in. C.R.
Tube, which is exposed so that the effect
of magnetic deflexion can be demon-
strated. Both the vertical and horizontal
deflexion sensitivities are approximately
02mm/V.

Mullard Electronic Products, Ltd.,
Century House,

Shaftesbury Avenue,

London, W.C.2,

Signal Flasher Units
(Illustrated below)

EW signal flasher units have been
added to the Bulgin range of com-
ponents.

The flashers are automatic units for
switching alarm devices such as signal
lamps, bells, buzzers, cyclically, to
increase urgency of warning, and they
are reliable and consistent. The heater-
power is 1.8W peak, 0.9W average.
Models are made with 4V and 6V
heaters, for use in 4V, 6V, 12V low
voltage supply uses, with bulbs of: 4V
(of any wattage up to 4); 6V (0.3A,
1.8W on 12V or of any wattage up
to 4 upon 6V supply); or 8V (0.4-0.5
A, use with 4V flasher upon 12V
supply). )

The clip-on models are particularly
adapted to fix to standard Bulgin Signal
Lamps, having tubular bodies, to increase
the urgency of indication of such light-

signals. i

The illustration shows flasher list
No. S.584, with bulb, for 4V opera-
tional test on top, and signal lamp

D.9 underneath ready wired and con-
nected together. The units are, of course,
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usually sold separately, and wired up by
the user. ]
Cycling times average 2-3 secs., but
adjustment is provided to give 1-5
secs. cycles approx. In use, the light will
first show steadily, but will quickly com-
mence flashing, to draw stronger atten-
tion to itself if its warning is, e.g.,

ignored, or if no requisite action (follow-
ing its signal) be taken.

A. F. Bulgin & Co., Ltd.,

Bye Pass Road,

Barking, Essex.

New Range Variable Transformers
({llustrated above)

HILIPS variable transformers, built

on the auto- transformer principle,
are now made in 10 different types vary-
ing in output from 130VA to 2080VA.
Those having a capac1ty of 130-520VA
are housed in a “Philite” casing while
the heavier types with 1040VA and
higher have a metal casing.

With these transformers, which are
fitted with a graduated scale and a knob,
a secondary voltage can be obtained
that is variable from 300V to 20 per cent
above the nominal primary voltage; the
maximum output with any secondary
voltage is limited by the permissible
secondary currents listed in the table
below, which may not be exceeded.

The efficiency of the variable trans-
formers is high, the graduated scale
permits exact regulation to the fraction of
a volt, and owing to the low voltage loss
there is constant regulation.

They are of simple but robust con-

struction and, if properly used, should
have a very long service period.
Type for 220V Mains
Type Numbers
Secon- Secon- No-load Build-
Output  dary dary Losses ing-in Bench
VA v A W Type Type
130 0260 0.5 56 84512 84513
260 0260 | 6.8 84514 84515
520 0260 2 9 84516 84517
1040 0260 4 17 84518 84519
2080 0260 8 25 84520 84521
Philips  variable transformers are

extremely suitable for regulating the
intensity of illumination of shop- windows,
stage lighting, etc.; and whether incor-
porated as an mtegral part of an apparatus
or used on thelr own, have a wide field
of application in research, testing and
repair departments. In combination with
valve rectifiers they can quite easily be
used to give an efficient and continuously
variable p.c. supply unit.
Philips Electrical, Ltd.,
Century House,
Shaftesbury Avenue,
London, W.C.2.
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New Exide Unspillable Cell
({Hustrated below)

HE latest addition to the range of

radio cells and small accumulators
manufactured by Chloride Batteries, Ltd.,
is the new Exide unspillable LPM4 in
moulded polystyrene container.

This cell was designed principally for
* Walkie-Talkie ” apparatus although it
should also prove equally suitable for
certain domestic radio receivers.

The polystyrene container offers many
advantages, parucularly in  countries
overseas. It remains unaffected by wide
variations in temperature, thus ensuring a
long life for the cell even under tropical
conditions. Moreover, this tough, trans-
parent material retains its attractive
appearance throughout the life of the
cell.

The are constructed of

separators
Lignex—a highly absorbent wood fibre
material that greatly reduces the quan-
tity of freely mobile acid in the cell. This
type of separation, combined with the

specially designed lid, prevents acid
spillage in service, even on inversion.
These cells can be supplied and stored
in a dry condition, thus eliminating the
necessity of frequent freshening charges
and the possibility of deterioration while
in stock.

The cell has a voltage of 2, with a
capacitance of 30Ah at the 20 hour rate.
The charge rate is 2 amperes.

Chloride Batteries, Ltd.,
6-10 Whitfield Street,
London, W.1.

Aerial Multicoupler Wide Band
Amplifier
(TUustrated top vight)

ESIGNED to International Aeradio

Specification, the Aerial Multi-
coupler Wide Band Amplifier, Type
PV.14, introduced by the Plessey Com-
pany, Ltd., Ilford, Essex, permits the
operation of up to ten communication
receivers, within the frequency range
2-20Mc/s, from one common aenal
system without loss of strength of indivi-
dual signals or cross modulation effects.
It consists of an amplifier, preceded by
a high-pass filter attenuating incoming
signals below 2Mc/s, which feeds ten
cathode follower stages designed to work
into 75 ohm unbalanced loads.

The amplifier section consists of two
identical sections each of two EF91
valves in parallel and driving five cathode
followers, type ECC91. The coupling
between the amplifiers and cathode
followers gives attenuation of signals
above 20 Mc/s, and the output response
has been kept within %3db throughout
the pass range. While the amplifier will
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handle signals up to 250mV without
overloading or the cross-talk factor
becoming excessive, the attention paid
to keeping the nmse factor within the
amplifier to a minimum also allows
signals of the order of 1gV to be
handled.

Mains consumption is approximately
130 watts, and the supplies catered for
include 110 volts, 60c/s, as well as the
standard 200-250 volts, 50c/s of this
country.

The unit is suitable for international
rack-and-panél mounting.

The Plessey Co., Ltd.,
Ilford,
Essex.

Five Ton “ Hydroram ” Arbor Press
(I llustrated below)

HAMBERLAIN Industries, Ltd., have

recently introduced a 5-ton hydrauli-
cally operated arbor press into their
range of accessories for the Hydroram
repair kits.

The arbor press is robustly fabricated
from mild steel. The standard Hydro-
ram pump and ram unit can be fitted
easily to provide the power source, and
the press is suitable for holding all
classes of light assembly work covering
bending, straightening, clamping and
shearing.

Provision is made for fitting special
tools to the accurately machined work:
table, which is 74in. square, while the
base is provided with fixing holes for
rigidly bolting the press to a work-bench
or table. The maximum ram stroke is
6in., with a maximum retraction of
63in. }

Chamberlain Industries, Ltd.,
Staffa Works, Staffa Road,
Leyton, London, E.10.
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H. K. LEWIS & Co. Ltd.

LENDING LIBRARY

Scientific and Technical
Annual Subscription from

TWENTY-FIVE SHILLINGS

Prospectus post free on request
New Scientific and Technical
Books and new editions are
always available
Bi-monthly list of new books
and new editions sent post
free to subscribers regularly

The Library includes all recent and
standard works in all branches of

Science and Technology and is
particularly useful to electronic
engineers.

THE LIBRARY CATALOGUE,
revised to December 1949, is in
preparation, Pp. xii-+1152. To
subscribers [7s, éd. net., to non-
subscribers 35s. net., postage |Is.

LONDON : H. K. LEWIS & Co. Ltd.
136 GOWER STREET, W.C.|
Telephone : EUSton 4282

A SHORT HISTORY OF
RADIO ACTIVITY

by T. W. CHALMERS,

M.l.Mech.E.

D.Sc.,

This book will be published in
March.

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-
jum 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 atomicdisintegration.

Published at the offices of

The Engineer

28, ESSEX STREET, STRAND,
LONDON, W.C.2.

Crown Quarto—about 80 pages
PRICE 8/6d

ELECTRONIC ENGINEERING

BOOK REVIEWS

Recent Advances in Radio Receivers

By L. A. Moxon. (Modern Radio Techniques
Series). Cambridge University Press. 1949.
IX + 183 pp. 18s.

INCE 1938 considerable progress has

been made in radio receiver technique
to meet some exacting specifications of
radio receiver design. The author, who
himself has contributed to the advance
by original research work, presents in his
book some aspects of the progress made.

Three specific receiver problems are
discussed in the book. Firstly, the prob-
lem of reducing the internal noise level
of a receiver to as low a value as possible;
secondly, the problem of obtaining a
faithful response of a receiver to im-
pulses of very short duration; and
thirdly, the general tendencies in the
design of broadcasting, television, and
communication receivers. The subject-
matter is presented under the following
chapter headings: concept of noise factor,
theory and practice of amplifier design
for minimum noise factor, noise factor
of mixers, measurement of noise factor;
intermediate-frequency amplifiers; trends
in practical receiver design, some new
kinds of receiver; and some new circuit

tricks. An appendix contains design
formulae for intermediate-frequency
amplifiers.

The author, drawing on a rich fund
of practical knowledge and of first-hand
research  experience, has admirably
achieved his aim in giving a coherent and
clear picture of the problems under dis-
cussion. A welcome feature of the book
is - the emphasis placed on describing
basic physical concepts rather than
discussing solutions of specific problems.

This is an important book for elec-
tronic engineers engaged in designing
valves and receiving circuits in the short-
wave ranges. The book is also warmly
recommended to advanced students of
electronics and to research workers who
wish to bring their knowledge up-to-date.

R. FEINBERG

Electronic Equipment Construction

300 pp. Placed by the Office of Naval Research,
Washington, D.C., and issued by Stanford Re-
search Institute, California, U.S.A. Available
from the Department of Commerce. Office of
Technical Services, Wasbington, D.C. Price $7.00.
THIS book ‘is a compendium of recent

advances in construction techniques
and components designed to facilitate
servicing and maintenance of electronic
equipment. It has been compiled by a
team of scientists from the Stanford
Research Institute who have visited com-
panies and Government establishments
both in the United States and England,
in order to get the widest coverage on
their subject. It is fully illustrated and
furnished with tables setting out all avail-
able information on the performance of
the product described and examined by
them. 5

The book falls into three main sections
dealing with components, construction
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techniques and activities of typical
organizations respectively. In addition,
there is a section devoted to Research
and Development requirements. While
the first three sections give a complete
survey on what has been achieved 4in this
field, the latter section deals with the
gaps which still have to be filled in before
the progress which has been made can be
fully exploited in practice. Nevertheless,
what has been done to reduce size,
weight, production costs and main-
tenance requirements is imoressive, and
the book, which is unique, fills a need for
a summarization of all techniques and
components available up to date to the
electronic engineer. It is valuable also
as a guide to possible sources of supply,
and the lay-out of the book permits a
ready choice of methods and products
most suitable to any particular task.

Outstanding features in the book are
the summary on printed circuits and com-
pacted components. In their purpose to
present the numerous practices and ideas
in aggregate the authors have certainly
succeeded and the book ““ may well pro-
vide a source of future major advances ”
by teing not only a text book, tut also
a stimulus to the reader.

Mention should be made of the fact
that the work of this project was done
under the auspices of the Office of Naval

Research.
P. P. Horr

1950/51 F.B.L Register

23rd Edition. 852 pp. Publisbed for the Federa-
tion of British Industries by Kelly's Directories,

Ltd., and Dliffe and Sons, Ltd. November, 1950,

Price 42s.

THE F.B.I. REGISTER is unique
among industrial directories published
to promote Britain’s export trade in that
it provides a substantial cross-section of
the most important producers of British
goods in a very wide range of industry.
It is the only authorized directory of
this association of British manu-
facturers and the information con-
tained in it is compiled by the publishers
in close collaboration with the F.B.L, it
being a requirement that only goods of
members’ own manufacture are referred
to in it The book is compiled and
classified for quick reference with major
instructions and  cross-references  in
English, French and Spanish.

In its new form the 1950/51 F.B.L
Register now comprises seven sections:
(1) Products and Services: which is a
classified Buyer’s Guide listing over
6,000 F.B.I. member firms under more
than 5,000 alphabetical trade headingsy
(2) Advertisements (3) Addresses: an
alphabetical directory of all F.B.L
member firms with their full addresses,
telegraphic addresses, telephone numbers,
list of .products, and in many cases their
home and overseas branches, agencies,
etc.; (4) Trade Associations: classified (a)
by trade categories and (b) alphabetically
with full addresses; (5) Brands and Tradz
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Names: listed alphabetically for rapid
identification of the products concerned
and their manufacturers; (6) Trade
Marks: showing reproductions of several
hundred registered trade marks classified
by trade categories for easy finding of
sources of manufacture; (7) Addenda:
covering the products and addresses of
new members elected since the main sec-
tions went to Press.

Collins Wireless Diary 1951

Incl. 128 pp. technical data amd figs. Collins.
1950. Price: 3s. 8id. or, with pencil, 4s. 3id.

OMPLETELY revised last year and

with minor corrections to date, this
diary is notable for its valuable compen-
dium of technical data, which is just what
the practising engineer needs to carry in
his pocket.

Much practical data is given on general
physical and mechanical properties, in-
cluding a table of the elements. Lists
are given of conventional symbols, units
and dimensions, Greek symbols and
Metric prefixes.  Useful mathematical
tables cover various powers of numbers,
exponential and hyperbolic functions,
logs., antilogs., trigonometrical ratios and
formulz.

General radio topics include lists of
abbreviations and graphical symbols (not
all, unfortunately, to B.S. 530:1948, and
this section could profitably be expanded),
a 17-page glossary of telecommunica-
tion terms (mostly agreeing with
B.S. 204:1943) and a chart of the electro-
magnetic wave spectrum. After a dis-
cussion on the classification and alloca-
tion of radio wavelengths follow several
pages detailing the principle long wave,
medium wave, European and short-wave
World stations, British television chan-
nels, and amateur channels, prefixes and
codes. Useful wire tables are given for
copper, fuses and resistance winding.
R, L and C fundamentals, data and calcu-
lations are well summarized (especially
the inductance formul®) and A.c. and R.F.
circuit formule are recorded. Formula
are quoted for the design of attenuators
and a.F. amplifiers. The following topics
are described in general notes and cir-
cuits: negative feedback; tone control;
power supplies; loudspeaker acoustics
and matching (including a turns-ratio
chart); reproduction from gramophone
records (including a simple pre-amplifier
circuit for modern magnetic pickups);
microphones; propagation of electro-
magnetic waves, production of the carrier
wave, modulation; principles of radio
reception; eight pages on television (with
particular reference to Alexandra Palace
and pictures of the two B.B.C. Test
Cards). -

Several complete circuit diagrams of
interest to home constructors cover a SW
and a 15W quality amplifier, T.R.F. - and
superhet tuner units, and an amateur
telegraphy transmitter to cover octaves;
from 1.7 to 28Mc/s.

Three particular items of data have
been found most useful from day to day
by the present reviewer. Firstly, the two
reactance and resonance charts for A.F.
and r.F. (but why a distinct gap between
them from 10-100kc/s ?). Secondly, a
decibel conversion table into voltage and
power ratios. Thirdly, the comprehen-
sive (low-power) valve basing tables
(15pp.). These include International
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Octal and all British bases, old and new,
‘“ standard -sized and miniatures. Each
base connexion scheme is identified by a
code number and filament ratings are
given, the type lists and basings being
included on the same page as far as
possible. The old B4, B5 and B7 types
are usefully collected as a simultaneous
equivalents list. A few small air-cooled
transmitter valves and television mag-
netic C.R.T.s are also summarized.
J. C. FiNLAY

The D.S.LLR. Annual Report 1948-49
260 pp. Published for the D.S.LR. by His
Majesty’s Stationery Office. 1950. Price Ss. 6d.
THE D.S.LR. Annual Report for 1948-

49 begins with the Report of the
Advisory Council which states a broad
outline of policy, and also contains a
great mass of information on researches
in progress and completed.

The Advisory Council points out two
matters of special concern. So many
problems of admitted importance are
brought up for consideration that it is
difficult to ensure that due effort is de-
voted to each one. The Advisory
Council also states that it is essential to
be constantly on guard against undue
dispersion of scientific effort.

The Council again draws attention to
the lack of balance in the programmes
of research, stating that not enough time
and effort was being devoted to basic
research. A number of examples are
given of how basic research in past years
is now bringing the answers to practical
problems.

The section called “ Summary of
Work” mentions researches in a very great
numter of different subjects ranging over
practically the whole fie!ld of industry.
In the compass of one book it is not
possible to explain the subjects fully, and
detailed information can in most in-
stances be obtained only from published
technical information or direct from the
Station or Research Association.

Forest Products Research 1948

46 pp. Published for. the D.S.LR. by His
Majesty’s Stationery Office, 1950. Price 2s.

¢«TJOREST Products Research 1948 »

.~ deals with the work carried out at’

the Forest Research Laboratory during
the year. It covers testing of new hard-
woods, entomological research and radio
frequency timber drying.

In the section on the last mentioned
item, the general investigation of the pos-
sibility of seasoning timber by radio
frequency has been concluded. It is un-
likely that this method, owing to practical
and economic considerations, will be
applicable ‘to seasoning timber in bulk.
but it might prove useful when applied
to dimension stock valuable enough to
make speed of drying rather than cost
the main consideration.

Engineers’ Dictionary Spanish/
English, English/Spanish
By Louis A. Robb. 664 pp. 2nd Edition. John
Wiley and Sons, Inc., and Chapman and Hall,
Ltd., London. 1949. Price £5.
THE second edition of this technical
dictionary is well bound and clearly
presented in good print. It appears to
cover all engineering terms, and should
prove a useful volume in a firm with
Spanish business, although the price: is
rather high.
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Just Out

RADIO
TECHNOLOGY

by
B. F. Weller
A.M.LE.E., AM.BRIT.I.R.E.
Third Edition, Revised
122 figures

420 pages 30s. net

SURVEY OF
MODERN
ELECTRONICS

by
P. G. Andres
(Associate Professor of Electrical

Engineering, Hlinois Institute of
Technology)
522 pages

355 figures 46s. ner

37 ESSEX STREET, LONDON, W.C.2

A HOME-BUILT
F.M. RECEIVER

The First Published Design for
B.B.C. F.M. Reception.

Now that the B.B.C. have publicly
released full details of the new ex-
perimental service of F.M. and A.M.
broadcasting from the Wrotham
station, why not take part in what the
B.B.C. calls ‘“The Wrotham Ex-
periment 2

The booklet entitled ‘* A Home Built
Frequency Modulated Receiver ’’ by
K. R. Sturley, Ph.D., M.L.E.E., contains
full details and wiring diagram for the
construction of -this receiver inciud-
ing a test oscillator and suitable aerial
systems. A slight modification
(published ‘‘ Electronic Engineer-
ing *’ February 1951) to the instru-
ment enables A.M. signals also to be
received.

OBTAINABLE FROM

 Electronic Engineering

28, ESSEX STREET, STRAND,
LONDON, W.C.2.
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MEETINGS THIS

INSTITUTION OF ELECTRICAL
ENGINEERS

Unless otherwise stated, all meetings are held at
the Institution of Flectrical Engineers, Savoy
Place, London, W.C.2, at 5.30 p.m.

Date: March 1. .
Lecture: The London-Birmingham Television
Radxo-Relay Link.
J. Clayton, M.A., D. C. Espley, OBE
Eng., G. W. S. Griffiths and J. C.
Pinkham, M.A.
Measurements Section
Date: March 13. -
Lecture: The Testing of Fine Wires for Telecom-
munication Apparatus,
By: R. C. Woods and J. K. Martin.
Lecture: The Use of an Electrostatic Wattmeter
for Magnetic-Loss Measurements.
By: J. K. Choudhury, M.Sc.Tech.,
Glynne, M.A.
(Joint Meeting with the Radio Section).
Radio Section

and Arvon

Date: March 7.
Lecture: Design Considerations for a Radiotele-
graph Receiving System.
By: J. D. Holland.
Date: March 13.
See Measurements Section Meeting.
Informal Meeting
Date: March 12.
Discussion: Electronic Power Control of Motors.
Opened by: B. W. Forster, B.Sc.
District Meetings
Date: March 14. Time: 7 p.m.
Held at: The Electricity Showrooms, Southern
Electricity Board, 37 George Street, ‘Oxford.
Lecture: The Use of the Synchrotron and Other
Particle Accelerators in Atomic Research.

By: C. H. Collie, M.A., B.Sc.

Cambridge Radio Group

Date: March 6. Time: 8.15 p.m.

Held at: The Cavendish Laboratory, Cambridge.
Discussion; Is there an Optimum Speed for a
Gramophone Record ?

Opened by: G. F. Dutton, Ph.D., B.Sc.(Eng.).

North-Eastern Centre

Date: March 12. Time: 6.15 p.m.

Held at: Neville Hall, Westgate Road, Newcastie-
on-Tyne. .

Lecture: Standardization and Simplification in the
Electrical Industry.

By: J. T. Moore, B.Sc.

‘Lecture: An Organization for Internal Standardiza-
tion in a Large Manufacturing Company.

By: P. J. Daglish, B.Sc.

North-Eastern Radio and Measurements Group
Date: March 5. Time: 6.15 p.m.

Held at: King’s College, Newcastle-on-Tyne.
Informal Lecture: The Nervous System as a
Communication Network.

By: J. A. V. Bates, M.A., M.B., B.Chir.
Date: March 19. Time: 6.15 pm
Held at: King's College, Newcastle-on-Tyne.

Lecture: The Acoustics of Studjos and Auditoria.
By: W. Allen.

North-Western Measurements Group
Date: March 20, Time: 6.1
Held at: The Engineers’ Club Albert Square,
Manchester.
Lecture: The Use of an Electrostatic Wattmeter
for Magnetic-Loss Measurements.
Bv: J. K. Choudhury, M.Sc.Tech.,
Glynne, M.A
South Midland Radio Group
Date: March 19. Time:
Held at: James Watt Memorial Insmu(e, Great
Charles Street, Birmingham.
Informal Lecture: The Magnetic Tape Recorder.
By: G. F. Dutton, Ph.D., B.Sc.(Eng.).

SOCIETY OF INSTRUMENT
TECHNOLOGY

Date: March 27. Time: 6.30 p.m.
He&li ]at- Manson House, Portland Place, London,

and Arvon

Lecture Magnetic Amplifiers.”
By: D. A. J. Maddock.

Midland Section
Date: March 16. Time: 7 p.m.
Held at: Arden Hotel, New Street. Birmingham.
Lecture: An Electronic Process Controller.
By: J. R. Boundy, B.Sc., AM.I.EE, and S. A.
Bergen, M.B.E., AM.LEE.

ELECTRONIC ENGINEERING

SECRETARIES OF ASSOCIATIONS

INSTITUTION OF
ELECTRICAL ENGINEERS
The Secretary, Institution of Electrical

Engineers, Savoy Place, C.2.
Cambridge Radio Group
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
Road, Chorlton-cum-Hardy, Man-
chester, 21.

South Midland Radio Group

W. H. Brent, B.Sc., Regional Director’s
Office, Midlands Region (G.P.0O.), Civic
hHouse Great Charles Street, ermmg-
am

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

R. A. Lampitt, A.M.Brit.ILR.E,, 20
Northfield Grove, Merry Hill, Wolver-
hampton.

INC. RADIO SOCIETY OF
GREAT BRITAIN

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

BRITISH SOUND RECORDING
ASSOCIATION

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

TELEVISION SOCIETY
Lecture Secretary: T. M. Lance, 180
Bromley Road, Beckenham, Kent.
Engineering Group
G. T. Clack, 10 Tantal.lon Road, Balham,

London, S.w.1

RADAR ASSOCIATION

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

INSTITUTION OF POST
OFFICE ELECTRICAL

. ENGINEERS
H. Fox, A.M.I.EE., Engineer-in-

w. -
Chief’s Ofﬁce (T.. P. Branch), Alder
House, E.C.1

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

W. Birtwistle, 17 Blackwater
Rochdale, Lancs.

SOCIETY OF RELAY
ENGINEERS
T. H. Hall, M.Brit..R.B., 23 Dalkeith
Place, Kettering, Northants.

SOCIETY OF INSTRUMENT

Street,

TECHNOLOGY
L. B. Lambert, 55 Tudor Gardens,
London, W.3.
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MONTH

INSTITUTION OF POST OFFICE
ENGINEERS

Date: March 6 Time: 5 p.m.

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

Lecture: The Provision and Maintenance of Long
([:)lsu:ucle Circuits, London Trunk Transmission

ontrol

By: E. H. Jeynes, AM.LE.E., and J. BE.
Isherwood.
Informal Meetings
Date: March 20. Time: 5 p.m.
Held at: The Conference Room 4th  Floor,

Waterloo Bridge House, S.E.1.
Lecture: The 2000-Type Selector and its Problema
By: J. O. Thompson, B.Sc., A.M.L.E.E

RADIO SOCIETY OF GREAT
BRITAIN
Date: March 30. Time: 5.30 p
Held at: The Institution of Electncal Engmeers
Savoy Place, .C.2.
Lecture: High Selecnvnty 'Phone Reception.
y: R. H. Hammans.

INSTITUTION OF ELECTRONICS

Date: March 28. Time: 7 p.m.

Held at: College of Technology, Manchester.

Lecture: Some Uses of Electrical Capacitance in
Industrial Measurement.

By: A. Green, B.Sc.

Midlands Branch

Date: March 6. Time: 7 p.m.

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

Lecture: Radioactive Tracers: Their Uses in
Research and Industry, with particular reference
to thenr otennalmes for Industrial Control.

By: allow,

Southera Branch

Date: March 16. Time: 6.30 p.m.

Held at: Southampton University
Southampton.

Lecture: A Physicist Looks at Biology.

By: W. Summer, A.lnst.P

BRITISH SOUND RECORDING
ASSOCIATION

Date: March 16. Time: 7 p.m.

Held at: The Royal Society of Arts John Adam
Street, C.2.

Lecture: The Design of a Long Duration Record-
ing and Reproducing Equipment.

By: R. W. Lowden.

THE ENGINEERS GUILD
Metropolitan Brnnch
Date: March 8. Time:
Held at: Caxton Hall, Caxton gtreet S.W.1.
Discussion: The Engmeer and the Public.

College,

O%e[n;.dE léy H. Nimmo, M.I.C.E., M.I.Mech.E.,
BRITISH INSTITUTION OF RADIO

ENGINEERS
Date: March 29. Time: 6.30 p.m.
Held at: London School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1
Lecture: Nuclear Scintillation Counters.
By: J. B. Birks, B.A., Ph.D.
North-Western Section
Date: March 1. Time: 7.15 p.m.
Held at: College of Technology, Manchester.
Lecture: A Survey of Television Development and
its Problems.
By: H. J. Barton-Chapple, B.Sc.
Merseyside Section
Date: March 1. Time: 7 p.m.
Held at: Electricity Service Centre, Whitechapel,
Liverpool.
Lecture The Use of Foster’s Theorem in Circuit
sn
By: Wn]hams Ph.D.

ELEVISION SOCIETY

Date: March 7. Time: 6.45 p.m.

Held at: The Gaumont British Theatre, Wardour
Street, W.C.2

Subject:” The Beveridge Report and the Future
of British Television.

By: C. Jan Orr-Ewing, O.B.E., M.P.

Joint Meeting with the British Kinematograph
Society.

Date: March 30.

Held (?tz The Waldorf Hotel, Aldwych, London,
w

Annual Dinger.
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RESISTANCE WIRES

Nickel - chromium
| Coppelr -nickel
Minalpha
Mancoloy 10

FOR INSTRUMENT MANUFA»CTURE

‘ - Whenever an instrument depends for its accuracy
. upon a resistance wire, and particularly when that wire
GRIET PG Products\ is of small diameter, uniformity of characteristics is vital.
Long specialist experience of fine wire drawing enables
PR'&?F}’OCJ SSIVFEOELgh':Eﬁ‘IL'JSRE us to guarantee extremely close tolerances on the nominal
resistance per unit length and—equally important—

THERMOCOUPLES consistency from batch to batch.:

CARIEEAY" TUBES JMC resistance wires in nickel-chromium, copper-
INSTRUMENT POINTER TUBES nickel, Minalpha and Mancoloy 10 and in other alloys
for specialised requirements are normally available in
sizes down to .000§ inch. Finer sizes can be produced
if necessary.

INSTRUMENT HAIR SPRING
STRIP

GALVANOMETER SUSPENSION
STRIP

A series of technical data sheets descriptive of our materials
and products for instrument manufacture is available on request.

Specialised Products of '

Johnson
Matthey

JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.I. Telephone : HOLborn 9277.
GD 180
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0SCILLOSCOPE EQUIPMENT

® OSCILLOSCOPE CAMERA TYPE 758

Mounts permanently above Oscilloscope.

® Photographs vertically downwards when Oscillo-
scope viewing slide is withdrawn.

® Single Shot or Continuous recording.

® Accommodates 100 feet of 35 mm. film or paper.

® Synchronous driving motor with 3 speed gearing.

® External footage indication and internal guil-
lotine.

F 3.5 plastic lens.
/. OSCILLOSCOPE TYPE 723

® Vertical Cathode ray tube with 4” flat screen
viewed through a surface-aluminised mirror.

® Flat response + 2 db from D.C. to 5§ Mc/s.

® No overloading occurs with full screen deflection
over complete frequency range at 2kV E.H.T.

® Variable E.H.T. voltages of 1, 2, and 4 kV.

¢ Automatic Brilliance Control Circuit.

® Time-base range from 0.5 seconds to 1 micro-
second for full screen deflection.

Versatile Auxiliary Amplifier.

® A deflection of 1 cm. ensures rigid synchronisation
over whole frequency range.

\ ® Instantaneous shifts.

® MILLIVOLTMETER AND
PRE-AMPLIFIER TYPE 748

Response from 30¢/s to 5 Mc/s flat within 4 2 db.

® Qverall sensitivity 2 millivolts R.M.S. per cm. at
2kV E.H.T.

Probe Input Impedance at a frequency of 1 kc/fs
is 1 megohm shunted by 14 pF.

e Three ranges together covering 0.5 millivolts — 1
volt.

These three instruments are available as separate units, and both the Oscilloscope Type 723 and Millivoltmeter
Type 784 may be used entirely independently of the others.

All the units are enclosed in standard Airmec cases and are therefore suitable not only for bench work but
for forward mounting on a 19” rack.

Jilustrated descfiptive leaflets of these or any other Airmec instruments will be gladly forwarded upon request.

AIRMEC LABORATORIES LTD

- HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND
) SN =~ TFL: HIGH WYCOMBE 3000 CABLES: AIRMEC KIGH WYCOMBE

AlL(a) 15
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DATA SHEET No. 2.

| | TYPICAL A.C.
m SERVO MOTORS FOR
SPECIAL DUTY | ELECTRONIC CONTROL
F.H.P. MOTORS

25 7
FY
20
5 ORQUE/SPEED
CURVES FORS50 ~
2 SUPPLY
o REFERENCE
g 1o PHASE
<} |
£ Q CONTROL PHASE
F2Z o Z
e k | Motors wound for
: TEMPERATURE RISE, Sl
WITH REFERENCE PHASE s
T EN ERG'SED,SSO c Antihunt induction
i generator may be fitted
(o] 1000 2000 3000 to all motors, giving
SPEED RPM 0.75 V./1000 R.P.M.
: All motors rated for
VT MOMENT REFERENCE CONTROL SO a temperature rise
SIZE Sl Vipatd ey WATTS. with reference phase
energised of 55°C.
E:{:)" :ig ‘é—'f«’, ﬁ %_g Sendﬁordtge ll
-D. . . - Evershed Small Motors’
FY. iy 30 % 7 Data Book. EE 22.

EVERSHED AND VIGNOLES LIMITED
ACTON LANE WORKS * CHISWICE - LONDON * W4
Telephone: Chiswick 3670 Telegrams : Megger, Chisk, London Cables: Megger, London

5/165
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QUALITY COMPONENTS

Type approved to R.C.S. 251

Incorporating the patented '‘Clix
Beryllium-Copper Contacts, over ten
miHion of which are now in service.
These contacts are unequalled for low
contact-noise and resistance ; they
surpass all specification figures for in-
sertion and withdrawal forces.

Available with :
Saddle, or skirt and saddle.

Screening cans of every type and
finish.

Hooked or slotted, pre-tinned
solder tags.

B.7.G. with either 224° or 90°
screen orientation.

The combination of this new range and
the '* Clix-Fluon "* (P.T.F.E.) range—
with which the Nylon types are mech-
anically interchangeable—meets all the
specified requirements of Grades |
and Il in R.C.S. 251.

The new catalogue of ““ Clix *’ high
quality radio and electronic com-
ponents is now available.

The GENERAL ACCESSORIES Co. Ltd.
21, BRUTON STREET,
LONDON, W.1.

MAYfair 5543

— |% NYLON LOADED
E PHENOLIC MOULDED
— VALVE HOLDER

QUALITY COMPONENTS

ELBCTRONIC ENGINEERING 28

PHENOLIC MOULDE

VALVE HOLDE

CE |%\% NYLON LOADE

MARCH

1951



Frequentite is the most suitable insulating material for all high frequency
applications. Seventeen years ago we introduced the first British-made
low-loss ceramic, and consultation with us before finalising the design of
_ new components is a wise precaution.

STEATITE & PORCELAIN PRODUCTS LTD.

Head Office : Stourport-on-Severn, Worcestershire, Telephone : Stourport lll. Telegrams : Steatain, Stourport
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Though Tufnol is constantly seeking fresh worlds to conquer—
these insulating collector bearing rings are not in fact a new use
of this unique lightweight yet shock-proof material. As part of
the apparatus in a steel works which swivels through 180° and
charges the furnaces with steel ingots, they maintain electrical
contact with the fixed bases through copper rings housed in
§ @ their grooves. Through-
out Britain, in heavy and
light industry, Tufnol
is used by resourceful
engineers who see new -
and often unexpected
uses for it. When you
consider that it is half
the weight of aluminium,
structually strong, mates
sympathetically w1th metals, has high electncal msulatmg
propertles, and stands up to searching tests of cheImcal

Tufnol bushes increase the life of pickers

in textile looms and, furthermore, do not

wear the spindles along which they.are
continually moving.

TUFNOL LTD -

ELECTRONIC ENGINEERING 30

possibilities become apparent. Tufnol comes to you in pre-
fabricated sheets, tubes, rods, bars, angles and channels or in
specially-moulded shapes. Easily and accurately machinable,
‘it will certainly give full reign to your imagination.

DOWN-TO-EARTH FACTS
ABOUT TUFNOL...

are contained in the series of informative
handbooks devoted ro its various uses.
If you think you have a NEW use for
Tufnol (and it is not unlikely), our
Technical Staff will enjoy working with
you on it. In any case why nor*write to

TUFNOL

REGISTERED TRADE MARK

An ELLISON Product

BIRMINGHAM .

228

258
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HIGH :
QUALITY ?
REPRODUCTION

“FIFTY and THIRTY WATT " CINEMA AMPLIFIERS

as illustrated for single or double P.E.C. input with
separate adjustable bias. Full range of tone controls to
suit all needs with built-in Exciter Supply if required.

PRICES range from 341 gns. to 42} gns.

TYPE C.P. 20A AMPLIFIER

For AC Mains and 12 volt working giving |5 watts output,
has switch change-over from AC to DC and ‘* Stand-by ™
positions. Consumes only 5} amperes from 12 volt battery.
Fitted with mu-metal shielded microphone transformer for
I5 ohm microphone, provision for crystal or moving iron
pick-up with tone control for bass and top. Outputs for
7.5 and 15 ohms. Complete in steel case with valves.

PRICE £28;0. 0.

oL N o LY
FOUR-WAY ELECTRONIC MIXER

This unit has 4 built-in balanced and screened rnlcrophone
transformers, normally of 50-30 ohms impedance. |t has
5 valves and selenium rectifier supplied by its own built-in
screened power pack, consumption 20 watts. Suitable *
for recording and dubbing, or large P.A. installations
since it will drive up to six of our 50 watts amplifiers
whose base dimensions it matches. The standard model has an output impedance of
20,000 ohms or less, and any impedance can be supplied to order. PRICE £24.0.0.

OTHER MODELS IN OUR RANGE OF AMPLIFIERS

““ SUPER-FIFTY WATT” - - - - - PRICE 36} gns.
“ THIRTY WATT" - - . 30} gns.
“10-15 WATT RECORD REPRODUCER *  », 25} gns.

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

Full details upon request
EXPORT ENQUIRIES INVITED

VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19.

Telephones : LIB 2814 and 6242-3 Telegrams : ‘¢ Yortexion Wimble, London *’
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Vhe AUTHORITY ON Powet Equepment-
for ELECTRONICS

LOW VOLTAGE ROTARY

SRR DA R 3 i st s
STANDARD RADIO AND MINIATURE ROTARY HIGH FREQUENCY
TRANSFORMER. 12 volts TELEVISION ROTARY TRANSFORMER. 24/36 volts MOTOR-ALTERNATOR.
to 600 volts 200 m.a. CONVERTER with filter and D.C. input. 60 watts output.
sound-proof cabinet. 230 voits
L ‘ A.C, Single Phase output.

200 watts 400 cycles output ]
from 220 volts D.C.

For details and technical specification of Power Equipment for all Electronic purposes including
the equipment illustrated, write for fully illustrated and descriptive lists 3 R.C. and 16 H.F.
In prototype stages let your designers meet ours.

" ELECTRO DYNAMIC CONSTRUCTION
! C 0 M P A N
Head Office and Works: ST. MARY CRAY + KENT
CONTROL GEAR WORKS - BRIDGWATER +« SOMERSET
HEAD OFFICE: PHONE ORPINGTON 2560-3

¥ L1 M T F 0

*Phone:

Orpington 2560-3

E.D.C. ¥

( Bur
\.DEPENDABLE

%,
=
%,

o @ Size 2" x 1} x4%.
The value of the new EGEN midget pre-set vatiable resistor to the

television and electronics designer and radio engineer has been enhanced
by a new double slidet, giving greater stability and making accurate adjust-
ment easier. It has a rating of 24 watts and is designed for panel or chassis

@® Worm drive for smooth action.

@ Rachet action prevents over-

winding.
@ Silver-plated solder tags.
mounting ; available in any value from 10 ohms to 25,000 ohms. e R L B S O LR
groups mounted to a common panel,
R.E.C.M.F. Exhibition — STAND No. 26 suitably engraved, if required.

—and a better carbon potentiometer

The complete electrical stability of the EGEN
POTENTIOMETER is achieved by a specialised
method of carbon deposition. Perfect mechanical

action further contributes to its outstanding
reputation for reliability.

EGEN ELECTRIC LTD.
Charfleet Industrial Estate, Canvey Isiand, Essex. 'Phone: Canvey 691

POTENTIOMETERS
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CARBON RESISTORS

ENGINEERS will be interested in the improved stability
offered by Painton Resistors. e.g., Type Approval of the  and
4 watt Painton Types has recently been extended to ohmic values
greatly exceeding those otherwise shown in the ‘* Blue Book.”
Full details on request.

BUYERS will be interested in competitive prices and rapid and

reliable delivery. Bulk supplies of most types are available at
short notice. Quotations will be gladly supplied on request.

Lonticl by
PAINTON

PAINTON &COLTD - KINGSTHORPE - NORTHAMPTON - J£/FPHONE 2520

e PULLIN

_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.

<<=

Series 65 Series 35 Series 30

MEASURING INSTRUMENTS (PULLIN) LTD.
Electrin Works, Winchester St., Acton, London, W.3. Telephone ACOrn 4651/3 & 49?5
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‘ATOMAT’

RADIATION THICKNESS GAUGE k@/A M

This is a beta-ray gauge now being
widely used in industry for the
non-contact measurément of weight
or thickness in—

Paper - Rubber - Textiles -
Plastics - Thin Metal Foils

BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT

Northern Agents: F. C. ROBINSON & PARTNERS LTD., 287 Deansgate, MANCHESTER, 3.

‘Instruments show both the thickness
and the deviation from nominal
thickness.

There is no danger to operators.

The instrument may be self-checked.
Recording instruments may also be
used with the ATOMAT.

A.C. mains operated.

Man-hours cost money — so does- YDRACIAMP
| o b _

ELECTRONIC ENGINEERING

but it pays you back — by saving them! Ten per cent can be easily saved by
* Hydraclamping *’ your radio assemblies for production line build up, also for in-
spection, maintenance and in the research laboratory. Our catalogue will show you how.

» A '
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TELCON at ALEXANDRA PALACE

Recent T/V programmes from Alexandra Palace have been broadcast

from a stand-by aerial, to enable the main aerial and built-up feeder S8

system to be overhauled. F

The power of these transmissions, 17 kW peak white, was fed to the

aerial by a standard Telcon Type A.S.84.A1

co-axial cable. This low-loss semi-air-

spaced thimble-insulated cable, with an

~outer sheath of seamless high con-

ductivity aluminium, has carried AR
this power load without trouble P ¥
during the overhaul period, i

whilst its high electrical uni-

formity has been well proved

bv the absence of reflections.

METALS [ TELCON CABLES ] PLASTICS
Engineering data sheet free on request.

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD.

Head Office : 22 OIld Broad Street, London, E.C.2.
Telephone : LONdon Wall 7104

(M
Enquiries to : Telcon Works, Creewich, S.E.10.

Founded |864 Telep-one : GREen vich 3291

Continuous
Production
of Pressings
8 Stampin DS

vantity 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
1+ bar diameter

Hot Brass Pressings up to I3 lbs. each.

Chrome and Nickel Plating, Polishing, Bronzing.

Coppering. and all metal finishing.

Rolled Brass and Aluminium Strip in coils or n

lengths.

e

WRIGHT, BINDLEY & GELL LIMITED

PERCY RDAD. GREET

TELEPHONE TELECRAMS

wieromia 2295/6/7(78x) B IR MINGHA M, (1. BINDLEY B'Maw 1|
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NEW EDWARDS VACUUM GAUGE
A MINIATURE |NEXPENS|VE PRECISION
THERMAL GAUGE .

BATTERY OR MAINS OPERATED
PRESSURE RANGE 05 TO 0001 MM Ha

COMPLETE WITH LEAK-DETECTION
FACILITIES

AVAILABLE FOR BENCH OR‘ PANEL
MOUNTING

* % O

SIZE : 8% ins. wide by 5% ins. high

Price complete, £27 15s, 0d.

v F0t Bollet Vacuwm Sobvice ...
30 YRS. VARUUM EXPERIENCE

Jelephone : SYDenham 7026 (8 lines)
Telegrams : EDCOHIVAC, Souphone London.

MUREX (ntroduce a new
Sintered composire

%ﬁgﬁeﬁ

Photographs by courtesy of the
British Physical Laboratories.

MUREX COMPOSITE MAGNETS are generally supplied in
‘ the form of annular rings. One segment comprises a permanent magnet
%“‘ material of one of the standard aluminium-nickel-cobalt alloys, the remainder of readily
‘ machineable soft iron. Simultaneous pressing and sintering of the two powders gives a single undividegd
\ ' unit without any break between the two materials. Composite magnets have a wide field of application, and are

“““ particularly suitable in moving coil instruments, where a pole tunne! or fixing holes have to be drilled.
“\ -~ . " Principal advantages aré:'® No macessity for separate pole-pieces. ® N assembly arrangements between magns and
““ P .oy s “pole-pisce © Integral pole-piece and magnet means no loss-of flux and"no'sourcg of siray fields bebween magnet, and pols-pioce
“ - : : - ZTe A conitaid field in the gap > ®  Greater flombility of design and sémplifisd agsembly” o Considerable saving in cost.

- MUREX LIMITED  (Powder Metallurgy Division)  RAINHAM  ESSEX

Telephone : Rainham, Essex, 240. London Sales Offica : Central House,"Upper Woburn Place, W.C. 1.
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SULLIVAN & GRIFFITHS

'DIRECT READING
VARIABLE CONDENSERS

WITH NOVEL AIR CAPACITANCE
DECADE RANGE EXTENSION

This air dielectric condenser comprises a decade of
air capacitance and a continuously variable air
condenser thus giving a scale accuracy ten times
that of an ordinary variable condenser of the same
range.

Thus a decade of capacitance is provided—perman-
ent in value and entirely free from loss, the only loss
present in the complete combination of decade and
variable condenser being that due to the solid
insulating material which is ordinarily employed
in the construction of the latter.

The variable condenser has a range of 100uuF
which is extended to 1100 puuF by ten increments of
100uuuF, all adjusted with accuracy so that the
_decade is absolutely direct reading in uuF, no
corrections or calibration being necessary.

Eleétrical Standards for

Research and Industry

Testing and Measuring Apparatus
for Communication Engineering

LIST No. C 880

L

Telephone : LONdon WALL 7104

. that MUMETAL can offer timely advantages in industrial
electronics by effecting considerable economies in size and
weight,
permeability and extremely low loss and coercivity.

MUMETAL is the Telcon alloy with exceptionally high

SOME OF ITS USES:

Shields and screening boxes: many times more effective than any other
material of similar thickness.

Miniature components: efficient transformers and inductors of really
diminutive size with laminated cores of MUMETAL. (For specialised applica-
tions, use Radiometal and Rhometal.)

Armatures: l|deal for the armatures of relays, moving-iron instruments,
gramophone pick-ups, etc.

Our handbook «Telcon Metals” is freely available to Manufacturers on
request.

TELCON METALS

Head Office: 22 Old Broad Street, London, E.C.2.

THE TELEGRAPH CONSTRUCTION ]‘EI-CO
& MAINTENANCE CO. LTD '

Enquiriés to: Telcon Works, Greenwich, S.E.l0.
- Telephone : GREenwich 3291

Founded 1864

MARCH 1951

37 ELECTRONIC ENGINEERING



B.M.B.
STEEL
BALLS

from 006" DIA.
+ -000025"

‘We specialise jn-precision miniature steel balls
in a range of sizes from .006”. Grade A25 are
produced to a tolerance of 4 .000025" and Grade
Al to a tolerance of - .0001” in any one given
‘batch. Both grades are fully A.l.D. approved and
their precise accuracy is proving the answer to
problems is many industries.

‘We also manufacture precision miniature ball
bearings from 5/64” to 3/16" diameter bore and
in metric sizes from Imm. bore. The B.M.B.
catalogue with complete specifications and quota-
tions ¢an be obtained from—

Sole Selling Agents for

_British Manufactured Bearings Co. Ltd.

B M- Bowk/

‘2 BALFOURPLACE, MOUNTST., LONDON, W.I
Phone . ... ... _+ -+ ... GROsvenor 3155 (3 lines)

ELECTRONIC ENGINEERING

The tricky ones arg fun,

Thanks to 25 years experience in design and

manufacture of transformers, we can face most

transformer * headaches’ with equanimity. If

you want instruments which you can fit and

forget, which will give you trouble-free service
for years, write or telephone us.

¢
IMitel

SAVAGE TRANSFORMERS LTD. NURSTEED RD., DEVIZES, WILTS.

e felth jol of 4

HENLEY
<OLON

TRADE E LE CTRIC MARK

SOLDERING

ALL THE

COT{SEYT‘NT HEAT IS
IN THE BIT
PERFECT

BALANCE FOR
EASY HANDLING

ALL CONNECTIONS HOUSED
AT END OF HANDLE AWAY
FROM THE HEAT

CORD GRIP SECURES FLEXIBLE
(prevents twist or pull being trans-
mitted to internal .wiring) .

%

; Write for Folder Y.}0.
W. T. HENLEY’S TELEGRAPH WORKS CO. LTD.,
51-53 HATTON GARDEN, LONDON, E.C.1
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TRIAL OF
STRENGTH

To try the cutput streagth of a small or mobile transmitter at any
time and at a moment’s notice, all you necd is the Marconi TRANSMIT [ER
OUTPUT METER. type TF 912.  Covering the frequency range 80-160 Mc/s,
it is battery-operated, self-contained and portable. The scale expansion
of the meter is such that low power transmitters can be checked at an
open part of the scale. The basic design feature is a bolometer bridge
with moving coil indicator employing a 75 ohm resistively terminated

input line of novel character. Further details are freely available.

Please ask for folder SUMMARY OF COMMUNICATIONS TEST GEAR

Marconi

‘ST. ALBANS, HERTFORDSHIRE
Northern Office: 30 Albion Street, Hull.

Telepbone:

Midland Office:

TRANSMITTER
OUTPUT METER

Type TF 912

Instruments Limiced

St. Albans 6161/5
19 The Parade, Leamington Spa.

Southern Office and Skewrooms: Marconi House, Strand, London, W.C.2.
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CCESSORIES-

NOVAN ACCESSOR!
DR THE ELECTRONIC !
APPARATUS MANUFACTURER,

TERMINAL BLOF.KS. Made in 15,
30 and 60 amp: sizes.

TYPE 1.96

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

Type C.30 PUSH-BUTTON

UNIT arranged for mounting

on customers’ own cover
plate.

THE DONOVAN ELECTRICAL CO. LTD.
Safuse Works ¢ Stechford : Birmingham 9

spells Quality in
Tape and Wire Recording

Record, Playback and Erase Heads, Record-playback

Oscillator Coils and Units,
TAPE and Spools

Amplifiers,
Mechanisms,

We also specialise in :

HIGH-ACCURACY COUNTING DEVICES
Development of electronic applications to industry

Manufactured by

Tape

Telegrams :
Audigraph
Birmingham.

Telephone
NORthern 2084

Dept, MR7, 74 Gt. Hampton St., Hockley, Birmingham 18.
- 5462 A

THE

BRITISH NATIONAL

RADIO SCHOOL

1940

ESTD.

Now in our eleventh year and still—

NO B.N.RS. STUDENT
HAS EVIEER 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 SyHabus 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 3341

Developed primarily for hearing
aid use, the Amplivox E3 ear-
phone isa daptable 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 § oz.

AM PL|VOX LD

| 1 Bentinck Street, London,

MARCH 1951
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end connections.

Higher temperature types available.

recommend the W 99 to any designer cramped for room
by the conventions of modern design. But that’s
not all! Add mechanical strength and long life and
he holds an unbeatable hand.
This metallised paper capacitor uses an entirely
new type of moulded housing providing a clean finish and
hermetic sealing. Rugged construction with very strong

Insulation resistance not less than 20,000

megohms. Temp. range - 40°C. to + 71°C.

SIZES A, &7 x %”

Why not send for fulldetails?

Whkg. Voltage Cap. Range. pF Sirew
REGISTERED TRADE MARK
150 D.C 0.004 o 00! A )
0.02 to 004 B
350D.C 0.001 o 0.003 A
0.004 o 0.0! B \
600 D.C 2.5pF to 0.00Q5 A =
0.00) to 0.002 B
300 A.C 0.00005 o 0.001 A CAPACITORS
B
2.992 THE TRADE MARK OF RELIABILITY

B. 3" x %"

A. H. HUNT LTD. WANDSWORTH, LONDON, 5.W.18

Telephone : BATtersea 3131. Established 1901

catd fob detiqne®s

The sheer convenience of its size alone, is enough to

WIDE RANGE

CALIBRATED

NAGARD TYPE

IN TIME, FREQUENCY AND

103 OSCILLOSCOPE

VOLTAGE

-

CALIBRATED
OSCILLOGRAMS

The illuminated graticule
and single shot camera

attachment  gives clear
records and  accurate
measurements,

STABLE TRACES

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

N

Phase

TIME BASE RANGES

Calibrated sweep velocities from 2 in. per
sec. to 2 in. per u sec. Triggered or
continuously running.

D.C. AMPLIFIERS

Voltage calibrated and fully stable

Response, Maximum Gain and Sensitivity

0-20 K/cs, 0-2 Mc/s 0-10 Mc/s
100,000 20,000 300
0.12mV/inch  0.60mV/inch  40mV/inch

to frequency ratio constant.
waveY definition within the limitations of
each frequency range.

Perfect square

~N

J

SEE

what you measure! N
Phone : BRixton 3550
Grams : Intertel, Claproad, London.

NAGARD

SN L. T D
245, BRIXTON ROAD, LONDON, S.W.9
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R Tel. Bushey Heath 2183, R
A
N N
D707 2007770000077 27N

/ ﬂ/yw»@@‘ﬂ%

CABLES

Fobents.
Regdd rade Mark.

Jrowarren] iupeo | Arrensonome|
TYPES. | OHMS [P4R0%] 471 oD.

THE LOWEST EVER o
CAPACITANCE OR | Az 173 13 ontlone
ATTENUATION [A3][73[06]1.5] 088 o

LOWCAPAC| CAPAC.| IMPED. H/,TEN.

IMMED/IATE TYPES. | s | OHMS. (410021 O,

SOUTHERN INSTRUMENTS LIMITED
DELIVERIES <1 ’2:; ::: 2.5 10.36 | prpes FERNHILL HAWLEY CAMBERLEY SURREY

34 [0.36 ke

.’-P[[/Al/”:r /”AMJPAcfo C‘1 6‘3 173 3‘2 °¢36 TELEPHONE CAMBERLEY 1741

ABTICULATED CABLES sveerzs | €2 | 63 (171 [ 245 | 0.44 '

- = C22 [ 5.5 [184]2.8 |0.44

i ADIO » C3 5.4 (197 (1.9 [0.64

ONTR OR o OVER C33 | 4.8 | 220| 2.4 [0.62 R O
: C44 | 44 (25224 [1.03
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The CONSTAC

Transformer

A versatile constant
voltage transformer which .
provices a fully stabilised
heater supply in addition
to a variety of stabilised
H.T. outputs. Available
in arange of types suitable
for 110v. Or 230V. 50 or
60 c/s supply and for loads
of 20VA to 300VA. Output
voltage maintained within
1% over working range.

* Made under licence by The Banner Electric Co. Lid.

ELECTRONIC INSTRUMENTS LTD

17, PARADISE ROAD - RICHMOND - SURREY - ENGLAND

imn}

create —
il | to originate, develop, mus
s

h | form, manufacture,
construct,accomplisbir

J, Ctea fozs

We at CREATORS know that plastics can

form an integral part of the electrical and

1]

electronic trades, and we are proud to

present the following * combined services,”

to the industry :(—

Extrusions of all technical
shapes, including two colours
(not printed).

Injection Moulding.

High Frequency Welding,
P..V.C. Dipping VINSEL.
Grades “H & S.”

Polythene Spraying.
P.V.C. Covering and Insula-
tion. Pliers, handtools,

handles, and the  like
(Tested by National Physical
Laboratory to 31,000 v.)

LUS — A comprehensive
Engineering Section for the
manufacture of combined
Plastic and Metal products.

CREATORS, LTD.

NEWHAW WEYBRIDGE SuRREY
BYFLEET 3207 € 3420

MAGNETIC

LARGEST STOCK IN

KEY SWITCHES AND
UNISELECTORS

Government Contractors

RELAYS P.O. 3000 - 600 - HIGH SPEED
Also 230v. A.C. 50cy.
ALL NEW EX-MINISTRY GOODS

36 PERCY STREET, LONDON,

Phones : MUSeum 7960 LANgham 4821

RELAYS

GREAT BRITAIN OF RELAYS,

JACK DAYVIS (Relays) LTD. peer. E.E.
W.1.

HAVE YOU HAD YOUR COPY OF
“ENGINEERING OPPORTUNITIES”?

Whatever your age or experience—you must read this highly
informative guide to the best paid engmcenng posts. The hand-~

ook contains particulars of 5 3
AMLM.L, AM.Brit.LRE., and other important Enqmeennu
Exnmmnuons and outlines home-sludy courses in all branches
of Civil, Mechamcal Electrical, Automobile, Radio and
Aeronauhcal Engmeenng. Government Employment,
Draughtsmanship, Building and Plastics, Mlh"lcuhhon;
etc. We Guarantee ‘* NO PASS — NO FEE’
If you are earning less than £10 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 cnl]ghlc'\lng guxde to well pald posts NOW—FREE and
without cbligation.

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY

337a Shnkespeare Hse., 17/18 Stratford Place, London W1 BET

SYNTHETIC RESIN LAMINATED MATERIALS
. SHEET, ROD AND TUBE IN ALL DIMENSIONS
BOBBINS & COIL FORMERS TO ANY SPECIFICATION

MICA AND MICANITE SHEET AND MANUFACTURED PARTS

MICA & MICANITE SUPPLIES LTD.,

BARNSBURY SQUARE, LONDON, N.I.
Telephone : NORth 3032/5 MICASULIM ~ LONDON

Telegrams :

ELECTRONIC ENGINEERING
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—combines with beauty and
soundness of DESIGN in the

OXLEY

Width: 16.5 m/m. Length: 22 m/m. Height 1.6

PR 1 ol R L g ELLLY
DIELECTRIC —11 m/m, = /. w3 .

3 5 than .001. g
TRIMMER e e 2,000 mefohis. - Voltage: 500 Do
OXLEY DEVELOPMENTS C€O. LTD.

ULVERSTON, NORTH LANCS. TEL.: ULVERSTON 3306
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Electrolytik
Iron Pow(

<SINTREX’
BRAND

Its  exceptional  purity
makes it especially suit-
able for electrical and
magnetic applications,
Supplied in a wide selec-
tion of mesh gradings.

GEORGE COHEN
SONS & CO. LTD o

LONDON - W.6

BROADWAY CHAMBERS ﬁu
RIVERSIDE 4141

TELEPHONE: oo
spaaiy

EE[501/1P20

Manufacturers of all types of

ELECTRONIC INSTRUMENT

METAL CASES
and CHASSIS

GENERAL
SHEET METAL WORK
for the Trade

HASE pnonucrs

g 70

27 PACKINGTON RD., SOUTH ACTON, W.3
Acorn 1153-4

and at Leeds.

CAST OR
FORGED

IN
LATEST TYPE"®
MAGNETIC
MATERIALS
BY

RUHHS LT

TINSLEY SHEFFIELD 9

D.18

MARCH 1951 45

B.P.L. TEST SETS

NOW AVAILABLE

AT NET PRICES

B.P.L. UNIVERSAL TEST SET

£5-10-0
B.P.L. SUPER RANGER 1,0000/v.
£12-5-0
B.P.L. SUPER RANGER 20,000Q/v.
£14-10-0

Prices include postage and packing,
and are applicable to Home Market
only.

Send your ordel direct to:

British Physical Lahoratones -
HOUSEBOAT WORKS, RADLETT, HERTS.
————Tel.: Radlett 5674-5-6

ELECTRONIC ENGINEERING



FOR
MOTOR UNITS
ELECTRIC DISCHARGE LAMPS The Drayton R.Q. is a miniature
capacitor induction type motor with a
q p
CATHODE RAY TUBES of 0.09 ampe ot 0. 11 s avensh ™"
R.Q.G. GEARLESS for runni t 2700
x-RAY SCRE E NS r.p.m, continuously orri:tjcrr;&l{gt;nly in
either direction or continuously reversed.
R.Q.R. GEARED ft i i
INSTRUMENT DIALS of reversing at speeds from 27 ming. per
rev. to 600 revs. per min.
DECORATIVE DISPLAYS R.Q.H. GEARED for higl} final shaft
speeds for continuous running, forward
or reverse.

Send for List No.M302-x

SPECIAL PHOSPHORS MADE TO
CUSTOMERS’ SPECIFICATIONS

* K X
DERBY & COMPANY LTD.

Offices:
62-3 Cheapside, London, E.C.2.

Telephone : CITY 2633
Telegrams : PLATIVET, London

THE RQR ¢

Works : s -
Milimarsh Lane, Brimsdown, Middx. HOWard 2208 Drayton Regulator & Instrument Co. Ltd., West Drayton, Mdx. - W. Drayton 2611

MICA

" DISCS
DI APHRAGMS
ELEMENT STRIPS
CONDENSER PLATES

SPECIAL SHAPES

RAW MICA

WAgcll-llE[RS

[+

Quantity production of small automatically made pieces in
Steatite, Porcelain, and Rutile m?le.mls for electric cooking

and heating e t, and t tion

can be used directly on all votages
from 60 - 440v.

® One hole fixing.
@ Average life 25,000 hours.
@ Ask for ledflets.

The ACRU ELECTRIC TOOL

Manufacturing Co. Ltd.,
123, Hyde Road, Ardwick, Manchester 12

4

GEO. BRAY & CO. LTD., Leicester Place, Leeds 2.
Tel : 20981/8. Grams.:'* Bray, Leeds 2"
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PRECISION EQUIPMENT by AUTOSPARES

Square Wave Generator, AC mains, enclosed cabinet £12.

Screen Modulator for lkw £10. Modulation transformers 25/-.

Miniature 3-valve volume Expander/Compressors £3.

RF Scopes 3" £10, 5” £12, Oscilloscopes £15.

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 output transformer,
listed 45gns. three at £18.

IS watt 6L6 Amplifier £10. 7 watt miniature 85/-,

10 Cabinet speakers, GEC 35/-. GI|2 walnut floor cabinet £15,
4’6" Mahogany baffle on castors £8.

Ecko 8-valve All Wave motor tuned table consoles [8gns. HP
terms £3 down.

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

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

Powerful amplifiers and Receivers, instruments, circuits, HP terms.
IHustrated leaflets. Radiograms Modernised.

THE NEW BRADMASTER
MODEL 5 TAPE DESK for 1951

@ Built to professional standards @ Two speeds—33
and 734 inches per second @ Fast wind and rewind—
full reel rewound in {4 minutes @ Heavy alloy flywheel.
Freedom from ‘‘wow’ and ‘‘flutter’’ @ Double
servo brakes on each hub @ Push Button control
@ Three heavy duty motors @ Three shielded Bradmatic

AUTOSPARES
180 HIGH STREET, TOOTING, LONDON, S.W.I7
THE ¢« JuB. " SERVICE
5 MAYPLACE RD., WEST. BEXLEYHEATH. KENT

OFFER

SIGNAL GENERATOR. NAYY MODEL. TYPE LADD.
Frequency coverage 2700-2900Mc/s. Power supply 115 v.
50-800 cp/s. 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 pulse
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 5| ohms. Contains a fine 34” 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.

heads @ Size : 13} in. X 15} in. X 6} in. deep.
PRICE : £37.10.0

A PLUG BO X can also be fitted to the above equipment con-
taining three comparements which provide shieiding for the
head feads and eliminating hum and cross talk. Also fitted with
three coaxial plugs and sockets, facilitating connexion of the
desk to ampilifiers, ete. PRICE (fitted underneath desk) £1.5.0

Hi-fidelity magnetic sound heads :
type 5 R.P. (record/play head)

Trade supplied. Send for lists to Sole Manufacturers :—

STATION
Telephone:

ROAD,
East 0574

ASTON,

Telegrams :

BIRMINGHAM,

Bradmatic, Birmingh

£3. 5.0 each

type 5 E (erase head) ... €350 "
Super fidelity magnetic sound head, type 6 R. P

(record/play head) ... £3.15.0 ,,
Screening Cans, best quality (all mumetal) composn:e 8.0 ,,

(constructed of steel and mumetal) - 4.6 ,,
QOscillator coils ... 8.0 ,,
Tape on 7 in. reels, |, 200 ft

Emnape. type 65 ... £1.50

G.E.C. Grade " A" .., ... £1.10.0
Durex type, MC =l ... £L15.0

BRADMATIC LIMITED

6

am

GOVT. SURPLUS BARGAINS

bands :

TRAWLER

NO. 52 CANADIAN MARCONI COMMUNICATIONS
RECEIVER is a high-grade job that is very rare in this country.
It has 13 valves (I of 12Y4, 3 of 125C7, 9 of ARP3, and requires
a 12 volt Power Pack for Mains Operation.
1.75-4 MC/S, 3.5-8 MC/S, 7-16 MC/S.
speaker and vernier dial, it is an exceptional superhet whose
performance has been compared with that
of the AR 88. Approx, measurements |5”
x 10”7 x 14,

BAND RECEPTION

There are 3 wave-
With Built-in

£7. 10.

Grey finish. Weight 351b.  Carr. Paid (Gt. Britain)

MAINS POWER PACK. Specially aligned for use

with the above receiver. In small £4 10
(] [ ]

compact chassis, ready for immed-
iate coupling to mains and receiver.

Carr. Paid

8

1355 RECEIVERS (For Television)

We offer a limited quantity of these well-known

TELEVISION PRE-AMPLIFIER

(for Sutton Coldfield). This unit has been advertised

joo?siaglsotlrt;l::li); 2;::: new Ia 55/- Carr. 7/6 in its original state, but Silverstone's have perfected
rigin 3 a method of adjusting the delicate coils, etc. To line
it up ‘' Spot-On '’ for Sutcon Coldfield. Ac the same

Three typical Govt. Surplus time we claim to have overcome the problem of recon-

ciling high gain in vision with distortion in sound and
vice versa. The unit measures 6" X 3" x 1}” on the
base, incorporates two EF50 valves, and weighs only

I#1b. It is easily fitted to the television 39/6

set, from which it derives its power.
Full instruction leaflet supplied.

20, OXFORD ROAD, MANCHESTER, 13
TEL.: CENtral 2001.

SILVERSTONE

Bargains from the firm with the
well-known unconditional
guarantee, Send 2id stamp for
56 page new edition of our
famous booklet catalogue.

Ho
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VARIABLE ATTENUATOR MODEL 32/606

PRESENTING
@ne OF A RANGE OF

TEST BENCH COMPONENTS
AVAILABLE FOR EARLY
DELIVERY

Our lists include :—

STANDING WAVEMETERS
3 MODELS

CAVITY WAVEMETERS

CO-AXIAL WAVEMETERS

KLYSTRON MOUNTS

TEST BENCH STANDS

LET US QUOTE FOR YOUR SPECIAL REQUIREMENTS, R.F. HEADS, AERIAL SYSTEMS, ETC.

MICROWAVE INSTRUMENTS LIMITED

WEST  CHIRTON
NORTH  SHIELDS

PHONE : N. SHIELDS 2817

INDUSTRIAL ESTATE
NORTHUMBERLAND

Printed in Great Britain by The Press at C

bel

d Addi.

Surrey, for the Proprietors, Morgan Brothers (Publishers) Ltd , 28, Essex Street,

Strand, W.C. 2 Reg:stered for Transm:ss:on by Canadian Magazine Post
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for a little 'un

A mass ol resistances, wires and condensers — how do you squeeze

a switch in there? We’ll tell you. Use our Type B.T. switch. It has been

specially designed for small spaces and simple switching. You’ll find it a

godsend. It’s an even better switch too since it has had an overhaul in our

Development Section. Here are some improvements we have made to it:

The contact blades are fixed
in a2 new way., This makes
them 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 help to make
the Type B.T. an efficient
and lasting switch. Why
not try it?

GARTH ROAD, LOWER

MARCH 1951

Walter Iustruments

LIMITED

MORDEN, SURREY. Telephone: DERWENT 4421-2-3

CRC46
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WHY IT PAYS TO USE
rsin Multicore Solder

~

ErsinMulticore Solderistheonlysolder
containing 3 cores of non-corrosive
Ersin Flux. Ersin is a high grade
rosin which has been subjected to
a complex chemical process to in-
crease its fluxing action, whilst still
retaining the non-corrosive prop-
erties, Ersin Flux makes precision
soldering quicker and more econo-
mical —it not only prevents oxida-
tion during soldering, but actually
cleans the surface to be soldered,
removing any oxide from the metal.

Three cores of flux ensure flux continuity throughout the
length of the solder wire. There are no lengths without
flux—that means no wasted solder, no wasted time, and
freedom from ‘dry’ or H.R. joints.

The correct proportions of flux to solder are always
assured—no extra flux is required. Three cores of flux
provide thinner solder walls, giving instantaneous melting
—an important factor in speeding up repeat soldering
operations.

Soldered joints made with Ersin Flux do not corrode even
after prolonged exposure to any degree of humidity. This
has been tested under climatic conditions ranging from
the Arctic to the Tropics.

Only the finest virgin tin and lead are used in the manu-
faclurg .of Ersin Multicore, giving complete freedom from
impurities.

The economies effected by using Ersin Multicore Solder play an
important part in cutting production costs and keeping down
the price of radiv equipment. You get more joints per lb. of
Ersin Multicore—there is no waste. Soldering with Ersin Multicore
1S quicker, too, and every joint is a perfect electrical connection.
This saves time ia your inspection department—fewer sets are
rejected on test.

I R e
; )10 S.W.G.
G — — ) 14 S.W.G.
( : : — > 16 8.W.G.
))
- - — 18 S.W.G.
E - >
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M p.he@i[ll'tho finest gauge, the maximum economy of material is obraine

S5 178 §, i R
| Ty P 3 D

*These fengehs of ERSIN/MULTICORE SOLDER all weigh the same, 4

Ersin Multicore Solder is made as standard for factory use in §
alloys and 9 gauges, and is supplied on nominal 7 Ib. reels. Other
Alloys and ‘Gauges can be supplied to special order. Bulk prices
on application.

ALLOYS. This table shows the Melting Points of the three prin-
cipal Alloys used in Electronic and Telecommunication industries.

Alloy Colour Code Sol. Liq. YB“' Temp. USES
60/40 Red 183°C  190°C  230°C  High quality work
45/55 Crimson/Buff 183°C 227°C 267°C Hand soldering
40/60 Green 183°C  238°C  278°C  radioand electrical

GAUGES. Approximate number of feet per Ib.

Standard Diam. in Diam. in . ALLOY
Wire Gauge inches Mims. 60740 45/55 40/60
i0 0.128 3.251 25.2 23.5 23.0
12 0.104 2.642 38.1 35.2 349
13 0.092 2.337 48.7 45.3 44.5
14 0.080 2.032 64.4 59.2 58.6
16 0.064 1.626 100.5 94.3 92.1
18 0.048 1.219 178.5 167.8 163.5
19 0.040 1.0l6 257.5 240.4 235.5
20 0.036 0.914 318.0 302.5 291.0
22 0.028 0.711 526.0 492.0 481.0

Most service engineers sateguard their reputa-
tion for quality by using only Ersin Multicore
Solder, which gives them a guaranteed standarJd
| of sound, precision soldered joints.

The repair of old receivers may involve making
connections to highly oxidised tags. The extra
speed of the non-corrosive Ersin Flux—con-
tained in the 3 cores of Ersin Muliicore Solder
—will enable satisfactory joints to be mad:
quickly. There is no waste with Ersin Multicore,
the correct proportions of flux and solder are
always present, and as the flux does not tend to
run out of the cores, there is always a supply
available for the next joint.

Ersin Multicore Solder is made in 4 specifications for Servics

Engineers, packed in the well-known Size One Carton, which pro-

vides the most convenient method of carrying solder in the Service

Engineer’s Kit. The wire is drawn out through a hole in the top.
cannot become tangled.

SIZE ONE CARTONS. Contain 60/40 High Tin Television
and Radio Quality or 4o/60 Radio and Electrical Alloy.

Catalogue Alloy S.W.G Approx. length Retail Price
Ref. No. Tin/Lead A per carton Subjece
. d.
C 16014 60/42 4 16 feet
C 16018 60/40 18 41 feec
C 14013 40/60 13 15 {eet
. C 14016 40/52 16 29 feet

Speciﬁcation Cr6o18 is particularly recommends=d for
soldering television equipmseni.

MULTICORE SOLDERS LTD.

MELLIER HOUSE, ALBEMARLE STREET, LONDON

T O P O S TR LT
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