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CLASSIFIED ANNOUNCEMENTS

The charge or these advertisements at the LINE RATE (if under 1” or 12 lines) is : Three lines or under 7/§, each additionat 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 should be addressed

to : '*Electronic Engineering,’” 28, Essex Street, Strand, London, W.C.2.

month for insertion in the following issue,

Advertisements must be received before the 14th of the

OFFICIAL APPOINTMENTS

ADMIRALTY. Applications are invited from
Engineering, Electrical and Ship Draughtsmen
for temporary service in Admiralty Depart-
ments at Bath. Candidates must be British
subjects of 21 years of age and upwards, who
have had practical Workshop and Drawing
Office experience. Salary will be assessed
according to age, qualifications and experience
within the range £320-£545 per annum. Appli-

cations giving age and details of technical
qualifications, apprenticeship (or equivalents)
Workshop and Drawing Office experience,

should be sent to Admiralty (C.E.II, Room 88),
Empire Hotel, Bath. Candidates required for
interview will be advised within two weeks of
receipt of application. W 137

APPLICATIONS are invited by the Ministry
of Supply for the following posts at an R.A.F.
Signals Experimental Establishment in Bedford-
shire. Senior Experimental Officer for the
development of calibration procedure for radio
test equipment and preparation of calibration
publications. Duties will also include the cali-
bration of sub-standards (against N.P.L.
approved standards), specialist advice to -Radio
Equipment Catlibration Centres and training of
personnel for supervisory duties in these
centres; liaison with the Radio Measurements
Divisions in the Experimental Establishments of
the Ministry of Supply. Ref. D17/52A. Experi-
mental Officer for the calibration of transfer
standards involving output and attenuation
measurements. Ref. DI8/52A. Assistant Experi-
mental Officers (2) for the calibration of
transfer standards (a) involving frequency and
pulse mcasurements, and maintenance of the
frequency standard and (b) involving bridge
and miscellaneous measurements. Ref. D19/
52A. Candidates for these posts should have
u  Higher National Certificate or equivalent
qualification in applied physics, radio or elec-
trical engineering. Experience in the duties
outlined above is desirable. Salary will be
asscssed according to age and experience in
the foliowing ranges: Senior Experimental
Officer (minimum age 35)—£742 to £960:
Experimental Officer (minimum age 26)—£545
tee £695, Assistant Experimental Officer—£240
<ut age 18) to xS0S. Rates for women some-
what lower. Thc posts are unestablished.
Application forms obtainable from Technical
and Scientific Register (K)., Almack House, 26

King Street, S.W.l. quoting appropriate
refercn_cc number. Closing date 14th March.
1952. W 2472

APPLICATIONS arc invited by the Ministry
of Supply for a post in thc Experimental
Officer grade at an R.A.F. Signals Experimen-
tal Station near London. Duties include (a)
the reconstruction of a radar landing aid and
organisation of associated experimental investi-
gation, (b) advice to R.A.F. and to contrac-
tors on associated problems. Candidates, who
must be at least 26 years of age, should have
a minimum qualification of Higher National
Certificate in Electrical Engineering or equiva-
lent qualification with a sound knowledge of
electronics. A knowledge of pulse systems
and associated techniques is desirable and ex-
perience in current electronic practice and
laboratory techniques is essential. Salary will
be assessed according to age and experience

within the range £545 to £695 p.a. Rates for
women somewhat lowér. The post is un-
established. Application forms obtainable

from Ministry of Labour and National Service

Technical and Scientific Register. K. Almack
House, 26 King Street, S.W.l, quoting
D.6/52A. Closing date 14th March, 1952.

W 2450
B.B.C. requires Engineers (minimum age 21)

of British Nationality for duty at transmitter,
studio, recording and television centres any-
where in U.K. Essential qualifications include
Degree, Higher National Certificate, or equiva-
lent, in Electrical Engineering. Promotion pros-
pects. Salary £500 with annual increments to
maximum £685. Applications 1o Engineering
Establishment  Officer, Broadcasting  House,
London, W.1, within 7 days. W 2455

CROWN AGENTS for the Colonies, Wireless
Station Superintendent  (Temporary) required
by the Gold Coast Government Posts and
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Telegraphs Department for two tours of 18 to
24 months in the first instance. Commencing
salary (including Overseas Pay and Temporary
Allowance) according to qualifications and ex-
perience in the scale £834 rising to £920 a year
with gratuity of £25 for each complete period
of three months’ service. Outfit allowance £60.
Free passages. Candidates must possess a
Higher National Certificate in Electrical En-
gineering or equivalent, and have had practical
experience in two or more of the following
fields: V.H.F. link systems; H.F. communica-
tion network; Frequency shift keying and tele-
printer maintenance; V.H.F. and H.F. Direc-
tion finding systems; Aeronautical navigation
aids (ground); Manufacture of light engineer-
ing equipment. Apply at once by letter,
stating age, full names in block letters, and full
particulars of qualifications and experience, and
mentioning this paper to the Crown- Agents
for the Colonies, 4 Millbank, London, S.W.1,
quoting on letter M.29100.B. The Crown
Agents cannot undertake to acknowledge all
applications and will communicate only with
applicants selected for further consideration.

W 2477

MINISTRY OF SUPPLY requires Engineer

Technical Grade 11 in Malvern, Worcester-
shire. Qualifications,  British. of  British
parentage, apprenticeship in radio or Elec-
trical Engineering with good experience of

setting up and testing electronic or electrical
instruments, Possession of Ordinary National
Certificate or equivalent qualification desirable.
Knowledge of Service technical requirements an
advantage. Dutjes, preparation of develop-
ment and production test specifications for
radar equipment. Salary, within range £540
(linked to age 30)-£645 p.a. Not established,
periodical competitions for established pension-
able posts may arise. Written applications
giving date of birth and education, full details
of qualifications and experience of posts held
(including dates) should be addressed to
Appointments Officer, Ministry of Labour and
National Service, 1-6 Tavistock Square, W.C.1,
quoting reference number K1.25. In no cir-
cumstances should original testimonials be for-
warded. Only candidates selected for inter-
view will be advised. W 2482

PHYSICISTS, RADIO ENGINEERS,
tronic Engineers. Positions for Senior and
Junior Staff are available for Research and
Development work on T.V., Electronics and
Vacuum Physics. This company is one of the
pioneers in the development of Television and
is still in the forefront of Research and
Development in this field. Our organisation is
built up primarily to undertake Research and
Development work, and we have a large
Scientific and Technical Staff engaged on an
increasing Government and Commercial pro-
gramme. Excellent opportunities exist for pro-
gressive work on new and interesting develop-
ments. Requirements for Senior Posts. A
British University Degree, or its equiva'ent, in
Physics, Electrical Engineering, or Communi-
cations Engineering. At least 5 years Post
Graduate work on Research or Development.
Successful applicants will be placed in charge
of Research or Development projects being
carried out by the Company. Requirements
for certain Junior posts. A British University
Degree or its equivalent, in Physics. Electrical
Engineering or Communications Engineering.
Practical experience not essential but an advan-
tage. Requirements for other Junior posts.
Ordinary Natjonal Certificate or ecuivalent, in
Physics, Electrical Engineering or Communica-
tions Engineering. 3 to 5 years’ experience on
Research, Development or Design of Radio.
Electronic or T.V. Equipment. Successful
applicants for Junior posts will join groups
working on Research or Development projects
being carried out by the Company. Salary
and facilities offered by the Company. Senior
Engineers in range of £650-£1.000 p.a. Junior
Engineers in range of £380-£650 p.a., depend-

Elec-

ing on age, qualifications and experience.
Pensions scheme. 5-day week. Canteen facili-
ties. Write, giving all particulars of experi-
ence, qualifications, age. etc., to Personnel
Department, Cinema-Television Limited.
Worsley Bridge Road, Lower Sydenham.
London, S.E.26. W 2483

RADIO TECHNICIAN required by The
Bahrein Petroleum Co., Ltd., Persian Gulf.
Capable of servicing and maintaining British
and American short wave and ultra short wave
radio telephone equipment both A.M. and
F.M. Knowledge of electronics preferred. Age
25 to 35 years. Commencing salary £660 to
£720 p.a. according to qualifications. In addi-
tion to salary the Company provide free board.
air conditioned living accommodation and
medical attention, on successive two year
agreements with paid local and home leave.
Living costs are low and there is a kit allow-
ance and pension scheme. Write with full
particulars of age, qualifications and experience
to Box 5588 c/o Charles Barker & Sons. Ltd.,
31 Budge Row, London, E.C.4. W 2466

TECHNICAL ASSISTANTS. Applications are
invited from Radar and Electronic Technicians
for appointment as civilian Technical
Assistants, Grade III, in Anti-Aircraft Com-
mand units situated throughout Great Britain.
Applicants must have experience of the repair
and maintenance of Radar and Electronic

equipment and hold the Ordinary National
Certificate in Electrical Engineering or its
equivalent. Salary range is £460-£575 tin_the

London area). Starting salary will be'ﬁxed
according to age, qualifications and experience.
Annual increases are-payable subject to satis-
factory service. Excellent opportunities for
promotion to highcr grades exist in_all areas.
Candidates should submit their applications in
writing, stating age, qualifications, experience
and area preferred, to Ministry of Labour and
National Service, Miiton Road, Wealdstone.
Middlesex, quoting Order No. 14. W 2456

THE AUSTRALIAN NATIONAL UNIVER-
SKTY, Canberra, A.C.T. The John Curtin
School of Medical Research. Applications arc
invited for the post of Technical Officer in the
Department of Physiology. Candidates must
be skilled in the following fields: (a) Electronics,
both in the construction of precision apparatus
and in its maintenance. (b) Accurate work
with electrical measuring instruments. (¢) Fine
work in metals and plastics. The selected
candidate will be required to supervise both
male and female assistants, and will have the
status of Head Technician in the Physiology
Department. The salary will be £A690 rising
to £A865 by annual incremnents of £A25. plus
cost of living allowance, at present £A102 per
annum. The appointee would be required to
take up duty in Canberra in September 1952,
and fare to Australia (including those of wife
and family) will be paid. Superannuation
privileges are available. Applications and
further inquiries may be made at the following
address: The Administrative Officer in the
19) The Australian National University, 27
Russell Square, London, W.C.l. Applications
should include an account of the applicant’s
experience and oualifications. Closing date
March 24th, 1952, W 2494

UNIVERSITY OF SYDNEY. Applications
are invited for the following positions: Two
Lectureships in Electrical Engineering (Power).
Lectureship in Electrical Engineering (Elec-
tronics). The above vacancies mainly arise
from a decision to establish permanent lecture-

The publishers apologise for any
inconvenience caused to Messrs.
British Insulated Callender’s Cables
Ltd. through the inaccuracies that
occurred in the front cover ad-
vertisement of our February
issue, which were the result of

faulty printing.
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ships in place of temporary or part-time
appointments, =~ Salaries will be within the
range of: £A650-£A50-£A1,000 with the addi-
tion in all cases of cost of living adjustment
(at present £AI159 males, £AI12! females).
Salaries will be subject to deductions under the
State Superannuation Act. The commencing
salaries will be fixed according to the qualifi-
cations and experience of the successful candi-
dates. Further particulars and information as
to the method of application may be obtained
from the Secretary, Association of Universi-
ties of the British Commonwealth, 5 Gordon
Square, London, W.C.1. The closing date for
the receipt- of applications is 3rd March, 1952,

W 2490

SITUATIONS VACANT

Advertisements under this heading are, where
applicable, subject to the Notification of
Vacancies Order 1952, with particular refer-
ence 1o Article 3 thereof.

A JUNIOR ENGINEER is required for work
on magnetic amplifiers and airborne electronic
equipment. An engineering degree or Higher
National Certificate would be preferred, but a
young man studying for ecither of thesz
examinations would be considered. Guildford
area. Write, giving qualifications and experi-
ence to Box No. W 2500.

A LARGE ENGINEERING firm in the London
area has a number of vacancies for: (I) Senior
Enginecers. Ref. S.E.. (2) Junior Engineers.
Ref. J.E. (3).Draughtsmen of all grades. Ref.
D. The posts are in connexion with both im-
portant defence projects and long term private
venture d_evelopmenl work and are permanent
and pensionable, These are first class oppor-
tunities and very adequate salaries are avail-
able. Write, quoting the Reference *““ T.E.”’
and the category for which you wish to apply,
to the Personne! Manager. Box No. 2473.

A NEW DEFENCE PROJECT of National
Importance being undertaken by a well known
Aircraft Company located in the Northern
Outskirts of London, offers highly paid and
interesting posts for suitably qualified appli-
cants. Vacancies exist in Senior (salaried
grades) and for Junior Engineers in various
categorics: (a) Physicists with experience in
clectronic problems. (b) Physicists with ex-
perience in optical work. (¢) Electronic
Engineers with Servo-Mechanism experience.
(d) Electronic Engineers with experience of low
frequency work ‘and measuring systems. (e)
Electrical Engineers with experience in small
motor design and development. Applicants
for Senior posts should possess a good Univer-
sity Degree and preferably should have some
industrial experience. Applicants for Junior
posts should have a good industrial experience,
be qualified either by City & Guilds certificate
g;"by Inter B.Sc. "Write lfull details, qualifi-
10ons. experience, age. salary sought to Box
A.C, 65489 Samson Clarks, 57-61 Mortimer
Street. W.I. W 21
A PROJECT ENGINEER is required by a
well known firm of instrument makers, to
direct the work of a section responsible for the
layout and installation of specialised electronic
equipment in aircraft. Applicants should be
qualified Electrical Engineers, having had cx-
perience in, and enthusiasm for, this kind of
work. They are asked to send full particulars
of experience and training, stating salary re-
quired, to reference PE. Box No. W 2501,

A WELL-KNOWN Company invites applica-
tions for the following positions in its expand-
ing Industrial Electronics Department located
in the Midlands. 1. Product Engineers, to
ensure 'that standard products are produced
economically, and that design conforms to
available processes. Applicants should have
served an apprenticeship, hold H.N.C. (or
cquivalent) and have had several years’ elec-
}romco%roducuon'engineering experience. Draw-
ing ce experience will be considered an
advantage, ef. 1.LE.H.). 2. An assistant
Mechanical Engineer to associate himself with
the mechanical design of Industrial Electronic
Equipment. Applicants should have a H.N.C.
(or " equivalent) and experience of light
mechanical or electro-mechanical equipment.
(Rgf. D.l[.H.). Please wriufa giving full details
and quoting appropriate referenc B b
ey prop: e to Box No

A WELL-KNOWN progressive Company has
a vacancCy in a rapidly expanding Commercial
Department for a Technical Sales Executive
for radio and radar apparatus, Candidates
should have a good University Degree together

ELECTRONIC ENGINEERING

with industrial and/or Government experience,
a methodical nature with a flair for organisa-
tion and a genuine interest in the varied types
of work undertaken by sales engineers. Im-
portance will be attached to the adaptability
of applicants and to their suitability to handle
both technically and commercially a variety of
equipments and to deal with customers at ail
levels. The post is permanent and has very
good prospects for advancement. Applications
will be treated in strict confidence. Please
forward detailed personal information and
salary required to Box No. W 2487.

A WELL-KNOWN progressive Company has a
vacancy in a rapidly expanding Commercial
Department for a Technical Sales Executive for
Radio and Radar apparatus. Candidates should
have a good University Degree together with
industrial and/or Government experience, a
methodical nature with a flair for organisation
and a genuine interest in the varied types of
work undertaken by sales engineers. Importance
will be attached to the adaptability of appli-
cants and to their suitability to handie both
technically and commercially a variety of equip-
ment and to deal with customers at all levels.
The post is permanent and has very good
prospects for advancement. Applications will be
treated in strict confidence. Please forward
detailed personal information and salary re-
quired to Box No. W 2401,

ACOUSTICS. Rescarch and Developiment
Engineers with good theoretical knowledge of
acoustics. Design of high fidelity loudspeakers
desirable but not essential. Good salaries right
men. State age, qualifications, past experience
and salary required. Goodmans Industries
Limited, Axiom Works, Wembley, 1200.

W 2452

AIRBORNE RADIO Communication Develop-
ment Engineer. Marconi’s Wireless Telegraph
Company Ltd., have a number of vacancies
for senior engineers possessing sound develop-
ment and design experience in aeronautical
equipment. Degree not essential if the candi-
date has long experience and other qualifica-
tions. Salary £700-£1,000 per annum depend-
ing upon qualifications. The positions are
permanent and good prospects are offered.
Pensions scheme. Applicants should state
whether they have specialised in development
of aircraft aerial systems, Ltransmitters or
receivers, etc. Write giving full details,
quoting_ Ref. 875, to Central Personnel Ser-
vices, English Electric Company, Ltd., 24/30
Gillingham Street, London, S.W.I W 2498

AN INSTRUMENT MECHANIC is required
for duties in the Electronics Section of the
Research and Experimental Department. Appli-
cants should possess a high degree of mechani-
cal skill and be able to participate intelligently
in both design and manufacture of small elec-
tro-mechanical devices. Experience in a similar
capacity, whilst desirable is not essential. Write,
stating age, experience and salary expected to
the Personnel Officer, Saunders-Roe Limited,
East Cowes, 1.LO.W. W 2323

APPLICATIONS are invited for the follow-
ing posts in the Electronic Section of the Motor
Industry Research Association—(1) Research
Officer with Honours Degree, age 21 to 25
(starting salary £450-£575) and (2) Research
Assistant with Higher National Certificate, or
equivalent, age 25 to 30 (starting salary £450-
£500), both to specialise in the study of—and
construction of equipment for measuring Noise
in Vehicles. Employment will be in the first
instance at the Brentford Laboratory for about
12 months and subsequently at the New
Laboratory now under construction at Lindley,
near Nuncaton, Warwickshire. Reply to The
Director, Motor Industry Research Association,
Great West Road, Brentford, Middlesex,
stating age, qualifications and experience, on
which initial salaries will depend. W 1406

BELLING & LEE LTD., Cambridge Arterial
Road, Enfield, Middlesex, require research
assistants in connexion with work on electronic
components, fuses, interference suppressors and
television aerials, Applicants must be graduates
of the I.E.E. or possess equivalent qualifica-
tions together with similar laboratory experi-
ence. Salary will be commensurate with pre-
vious  experience. Applications must  be
detailed and concise, and will be treated as
confidential. W 138

BRITISH TELECOMMUNICATIONS Research
Lid., a company associated with Automatic
Telephone & Electric Co. Ltd.,, and British
Insulated Callender’s Cables Ltd. require a well
qualified development engineer for work on
Transmission Networks and Wave Filters.
Applicants should have had previous experience
in this field. An attractive salary will be offered
to suitably qualified candidates. The position

will be permanent and is covered by the super-
annuation scheme. Application should be made
to the Director of Research, BT.R. Ltd.,
Taplow Court, Taplow, Bucks, giving, full detaiis
of qualifications and experience. W 2435

BERMUDA LABORATORY of Harries Ther-
mionics (Overseas) Ltd., requires a valve
mechanic, a junior physicist and a laboratory
assistant.  Salaries and fares on overseas con-
tract. Opportunity in British-American re-
search for first class men only. Box No.
W 1418.

BRITISH ELECTRONIC PRODUCTS (1948)
Ltd., have, at the present time, a number of
vacancies for technical and administrative staff.
The Company is a progressive organisation of
moderate size, pleasantly situated, specialising
in the development and manufacture of all types
of industrial electronic equipment and in the
application of electronic equipment to the
needs of industry and the Services. It is asso-
ciated with a leading electrical group and the
positions, which are permanent, offer an un-
usual opportunity to applicants of the right
type. The vacant positions are as follows: A.
Senior Application Engineers with electrical en-
gineering background and some knowledge of
industrial electronic equipment, capable of dis-
cussing and interpreting the requirements of
the customer and formulating complete
schemes, involving- electrical machines, contac--
tor gear and electronic equipment. Applicants
must be capable of preparing Specifications and
conducting correspondence with the customer in
relation to such projects. B. Application En-
gineers with electrical engineering background
and interest in industrial electronic equipment
to assist Senior Application Engineers and to
deal on own initiative ‘with more simple types
of - industrial application. Applicants must be
capable of writing Specifications and conduct-
ing correspondence with customer. C. Design
Engineers with electronic and/or electrical en-
gineering background, capable of interpreting
equipment Specifications in terms of existing
circuit techniques, and passing detailed circuit
information to the Drawing Officer. specifying

.component requirements, supervising mechani-

cal design and preparing test specifications, D.
Design Draughtsmen to prepare mechanical and
electrical layouts and detailed drawings from
design information in consultation with Design
Engineers. E. Senior Development Engineers
for Laboratory, to work on solution of specific
industrial problems and in development of new
circuit  techniques. Applicants must bte
capable of original work and taking charge of
development projects. Background on elec-
tronic circuit techniques andfor servo design
essential, Junior Development Engineers for
work in Laboratory under direction of Senior
Development Engineers. Some knowledge of
electronic circuit techniques and/or servo design:
desirable. Senior Test Engineers capable
of taking charge of testing and the inspection
of comp'ex industrial electronic equipment with-
out detailed supervision. FEach equipment is of
a specialised nature, and repetition testing is
not involved. H. Junior Test Engineers for
test and inspection of many types of industrial
electronic equipment in small scale production.
1. Service engineers for commissioning and
maintaining all types of industrial electronic
equipment in the field. Experience of electrical
and/or electronic equipment desirable, and
applicants must be prepared to travel to all parts
og Great Britain or Overseas for short
periods if required. Possession of car, for
which a liberal running allowance will be made,
would be an advantage. A vacancy exists under
this category for an engineer capable of pre-
paring Instruction Manuals from information
supplied by Design and Development Engineers.
J. Estimators for pre-costing of equipment under
direction of Application Engineers. Xnowledge
of electrical or electronic engineering an advan-
tage but not essential. A certain amount of
clerical work in connexion with customer
liaison would be involved, and applicants should
be capable of conducting correspondence with
customers if required. A superannuation scheme
applies to all positions advertised. Applicants
should write, in the first instance, indicating
experience and salary required, to British Elec-
tronic Products (1948) IL.td., Rugeley, Staffs,
marking the envelope ‘ TAS Application,” and
should indicate the position in which they are
interested by means of the reference letters.

W 1409

BUSH RADIO LTD. have vacancies for
Engineers as follows: Chiswick Laboratory—for
Television Development and Telecommunica-

CLASSIFIED ANNOUNCEMENTS|
continued on page 4
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Quality Components for
INDUSTRIAL ELECTRONICS

VOLTAGE STABILISERS
The B.P.T. single phase and three phase voltage stabilisers

maintain a constant voltage from a fluctuating supply regardless
of fluctuation in load, load power factor, and normal frequency
variations. Standard models—air and oil cooled—available
from 3 to 75 kVA.

HERMETICALLY SEALED POTENTIOMETERS,
MODEL R5

Wire wound—ohmic value range covers from § to 5,000 ohms.
Rating 5 watts. Dimensions 13" diameter X 11". Weight 3 oz.
(without knob). Withstands tropical damp and humidity and
arctic cold—salt, dust and chemical laden atmospheres. Com-
plies with inter-service standard specification RCL/131.

VITREOUS ENAMELLED RESISTORS

~ A wide range of vitreous enamelled resistors from 6 watt to
180 watt on 16 standard tube sizes with more than 20 alternative
mountings, terminations and fittings. Fully tropical. Exclusive
Bercohm craze free, non-porous, vitreous enamel gives stress-
free winding and eliminates hot spots. Fully approved by
R.CS.C.

Other BERCO products include fixed and variable wire wound resistances
and potentiometers, ‘“‘Regavolt” infinitely variable auto-transformers,
rotary rheostar potentiometers, stud switches, control knobs, etc., for all
laboratory and industrial purposes.

THE BRITISH ELECTRIC RESISTANCE CO. LTD.
Queensway, Ponders End, Middlesex
Telephone: HOWard 1492 Telegrams: “Vitrohm™ Enfield

B.R.TO71-BX
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SITUATIONS VACANT (Cont'd.)

tions Development. Plymouth Laboratory—A
Senior Development Engineer for Telecom-
munications work; also a Transformer Designer
for development of small power transformers,
pul;e transformers, etc., and power supplies.
Write giving full delails of qualifications, ex-
perience and salary required to: Chief Engineer,
Bush Radio Ltd., Power Road, Chiswick, W.4.

2467
CHIEF INSPECTOR required by leading
London Telecommunications Company. In

addition to sound knowledge of modern line
transmission and carrier practice applicants
must have had wide experience of the testing
of Components and electronic equipments by
the latest methods. Initiative and the ability
to lead and reorganise a fairly large depart-

ment are other essential qualifications. Write
giving fullest details of theoretical training,
experience, age and salary required to Box
No. 2469.

DESIGNER DRAUGHTSMAN aged 22/28,
preferably with H.N.C. in mechanical engineer-
ing for old established firm of Precision Elec-
trical instrument makers, Beckenham area.
Candidates should have knowledge of electro-
mechanical apparatus design and some work-
shop  experience, Fullest details stating
salary required to Box No. W 2488.

DESIGN ENGINEER required to take charge
of Audio Frequency Section of Development
Department of large Wire Broadcasting Com-
pany. Work would be in South West London.
Write giving particulars of qualifications. ex-
perience and salary required to Box No. W 2478.

DFVELOPMENT ENGINEER experienced in
design of Electrical Measuring Instruments and
devices. Higher National Certificate essential.
Write fully stating age, education and parti-
culars of posts held to Box E.E. 632 at 191,
Gresham House, E.C.2. W 2367
ELECTRONIC DEVELOPMENT ENGINEER
required for wgrk on Navigational Aids. Must
be keen on flying duties. The position is per-
manent and pensionable. Apply in writing,
giving details of age, qualifications, past experi-
ence and approximate salary required, to Per-
sonnel Officer, The Decca Navigator Com-
pany, Limited. Shannon Corner, Kingston-by-
Pass, New Malden, Surrey. W 2499
ELECTRONIC ENGINEER with good
academic qualifications and practical experience
required for development work on vibration
pick ups and associated equipment in South
Bedfordshire area. Apply stating age, experi-
ence. qualifications and salarv reouired, quoting
reference 5.4 to Box No. W 2492,
ELECTRONIC ENGINEER required by
lnslrumem‘ Manufacturing Company in South
London, with 900 employees. Age 30-40 years.
Must be qualified Engineer or hold Degree.
Commencing salary not less than £1,250.
Excellent opportunily for man with personality,
initiative and drive. Please write in confidence
to Box No. W 1423,

ELECTRONIC ENGINEERS required for
development work in the Gloucestershire area.
Good academic qualifications and apprentice-
ship. = Experience in one or more of the
following ~desirable: Control systems. D.C.
Amplifiers, Computing devices, Video Circuits.
Microwave Techniques. Apply with  full
details of qualifications, age and salary required
to Box A.C. Samson Clarks., 57-61
Mortimer Street, W.I. W 2457
ELECTRONIC ENGINEERS are required for
development of instruments in an Engineering
Research Establishment on Tyneside.  Appli-
cants should possess a Degrec or equivalent and
have experience on similar work. Salary
;ﬁggrdmg to qualifications. Write Box No.

ELECTRICAL AND RADIO DRAUGHTS-
MEN required. Apply Employment Manager,
Vickers-Armstrongs Ltd. (Aircraft  Section).
Weybridge, Surrey. W 2350
ENGINEERS with H.N.C. or equivalent re-
quired for work on industrial electronic instru-
ments.  Salary £500 and upwards p.a. Age
25-35. Box No. 1408.

ENGINEERS REQUIRED for Development,
Servicing, and Instruction on Electronic Equip-
ment. National Certificate Standard. Previous
experience on Electronics or Radar desirable.
Remuneration according to experience and
qualifications. Apply: Construction Dept., The
British Thomson-Houston Co., Ltd., Rugby.

W2463
E. K. COLE LIMITED (Malmesbury Division),
invite applications from Electronic Engineers
for permanent posts in Development Labora-

ELECTRONIC ENGINEERING

tories engaged on long-term projects involving
the following techniques: 1. Pulse Generations
and Transmission. 2. Servo Mechanisms. 3.
Centimetric and V.H.F. Systems. 4. Video and
Feedback Amplifiers.- 5. V.H.F. Transmission
and Reception. 6. Electronics as applied to
Atomic Physics. There are vacancies in the
Senior Engineer, Engineer and Junior Grades.
Candidates should have at least 3 years’ indus-
trial experience in the above types of work,
together with educational qualifications equiva-
lent to A.M.I.LE.E. examination standard. Com-
mencing salary and status will be commensurate
with qualifications and experience. Excellent
opportunities for advancement are offered with
entry into Pension Scheme after a period of
service. Forms of application may be
obtained from Personnel Manager, Ekco Works,
Malmesbury, Wilts. W 2321

ENGLISH ELECTRIC VALVE CO.,, LTD.,
Chelmsford, have vacancies for young
Engineers to work on radio valve design and
development. Applicants should be of Degree
standard. Whilst experience of this type of
work is desirable, it is not essential and other-
wise suitable candidates will be considered.
Write giving full details, quoting Ref. 497E
to Central Personnel Services, English Electric
Co.. Ltd., 24/30 Gillingham Street, London.
S.W.1. W 2485

FERRANTI LIMITED, Edinburgh, have statf
vacancies for Engineers or PhysiCists to work
on the development of special valves to operate
at microwave frequencies. Experience in this
type of work is not essential but applicants
should have an Honours Degree in Physics or
Engineering. (1) Senior Engineers, with ex-
perience in charge of a development group.
salary range according to qualifications and ex-
perience £1,000 to £1,600 per annum. (2)
Development Engineers, salary £500 upwards
per annum according to qualifications and any
previous responsibility in development work.
These positions carry good prospects for
advancement in an expanding organisation.
Contributory Pension Scheme. Apply quoting
‘“ VPL/E,” giving full details of training, guali-
fications and experience to the Personnel Officer,
Ferranti Limited, Ferry Road, Edinburgh.

W 2378

FERRANTI LTD., EDINBURGH-—Require
additional Staff for their Engineering Division
engaged on Electro/mechanical instruments and
radar equipment. Duties involve (a) the en-
gineering and production design of new items
to be put into production after the prototype
has been evolved in the laboratories; and (b)
the clearing of technical snags during the
various stages of production. Applicants should
be fully gualified Engineers and preferably have
(a) Degree or Corporate Membership of one of
the professional institutions; (b) several years’
experience in production design of instrument
or radar equipment; and (c) knowledge of
production methods. Opportunity for initia-
tive: good prospects; staff pension scheme.
Apply quoting reference *‘ E.D.,”" state salary
expected and give full details of training and
experience in chronological order to the Pe:r-
sonnel Officer, Ferranti Ltd., Ferry Road.
Edinburgh. W 2468

GUIDED WEAPON PROJECTS at the Re-
search and Armament Development Division
of the Fairey Aviation Company, Limited,
offer work of exceptional interest and oppor-
tunity to the following: Electronic Engineers
experienced in micro-wave, pulse or communi-
cation techniques. There are both senior and
junior vacancies and although a Degree or
equivalent is normally required, applicants who
lack such a qualification but who have con-
siderable experience will also be considered. A
Senior Electro-Mechanical Engineer for servo-

mechanism analysis and automatic control
design: electro  mechanical, hydraulic or
pneumatic. Accommeodation assistance will be

given in selected cases. Pension scheme. Good
salaries.  British born applicants wishing to
be interviewed should send full details to the
Manager, Dept. E., The Fairey Aviation Com-
pany Limited, Research & Armament Develop-
ment Division, Heston Aerodrome, Hounslow,
Middlesex. *~ Engagements are subject to the
Notification of Vacancies Order 1952. W 1426

H.F. HEATING ENGINEERS are required by
the English Electric Company for thetr Indus-
trial Electronics Department. These vacancies
are for junior and senior Engineers with good
experience of valve type H.F. Heaters. These
are permanent and progressive appointments
offering excellent opportunities for qualified
engineers or those with sound practical ex-
perience of this class of work. Interviews can
be arranged for Saturday mornings. Write
giving full details and quoting Ref. 357C. to

Central Personnel Services, Englhish Eleciric
Company, 24/30 Gillingham Street, London.
S.W.1. W 2400

INSTRUMENT DRAUGHTSMAN required for
design work on small mechanical and electro-
mechanical devices. Interesting post for _kqen
man with initiative. Apply, in writing, giving
details of experience and qualifications, to
K.D.G. Instruments, Ltd., Purley Way, Croy-
don, Surrey. W 2474
JUNIOR ENGINEERS required to assist in
Research Development and Design of Electronic
Calculating Devices. Some experience of Elec-
tronic Pulses and Counting Technique desirable
but not essential. Applicants must have some
experience of Research Development of Design

Works in the Technical field. Qualifications:
Degree in Physics or Engineering, Higher
National Certificate or equivalent. Apply giving

full particulars to the Labour Manager, Messrs.
Vickers-Armstrongs Limited, Crayford, Kent.

W 2373
JUNIOR INSTRUMENT ENGINEER. Higher
National Certificate or equivalent. For elec-
trical instrumentation schemes including remote
indication and control. Write fully stating age
and particulars of posts held to Box E.E. 631,
at 191 Gresham House, E.C.2 W 2368
LADY TECHNOLOGIST or Graduate required
for Engineering Test Department S.E. London,
to be responsible for technical records. Ability
to undertake technical investigations under
guidance: knowledge of typing an advantage but
not essential. A lady engineering student is_also
required. Write stating salary required, giving
qualifications and previous experience, if any,
to Box E.C.651, at 191 Gresham House,wlli.z(%.72‘i

LEADING LONDON COMPANY producing
electronic and radar equipment requires a
Chief Draughtsman for the Drawing Office of

their research Laboratories engaged on in-
teresting advanced work in this field. A man
of first class experience with high design

ability who has held a similar post success-
fully is required. A good salary and prospects
are offered to suitable applicant having the
necessary qualifications combined with initia-
tive and enthusiasm. Housing assistance wili
be given if necessary. Pensions scheme. Write
in first instance full particulars and state
salary to Ref. ST. Box No. W 2496.

McMICHAEL RADIO LTD., require Senior
Project Engineers in their Equipment Division
Development Laboratory at Slough. Training
and experience in the field of Applied Elec-
tronics (including Communications) and ex-
perience of working with Government Depart-
ments are the chief qualifications required.
Salary will be commensurate with ability.
Write stating age and full details of training.

qualifications  and experience, to The Chief
Engineer, Equipment Division, McMichael
Radio Ltd., Slough, Bucks. W 2454

McMICHAEL RADIO LTD., require qualified
Draughtsman with experience in the Mechani-
cal Design of Radio and Electronic Instruments
for the Government Services. Salary will be
commensurate with ability. Write stating age.
training, experience and salary required to The
Chief Engineer, Equipment Division, McMichael
Radio Ltd., Slough, Bucks. W 2453

MULLARD RESEARCH Laboratory in
Surrey has a number of vacancies suitable for
Honours  Graduates in  Physics, Electrical
Engineering, Mathematics or for persons with
other but similar qualifications for work on:
1. Line Communications. 2. Radio Communi-
cations. 3. Radar. 4. Computors. 5. Elec-
tronic Measurement and Control Devices. 6.
Metal Physics. 7. Electron Accelerators. 8.
Television. 9. Ultrasonics. Previous experi-
ence in one or more of these fields is an advan-
tage but is not essential and equal significance
is attached to the candidate’s potential ability
to apply himself to such work. In addition
to these posts there are a number for which
several years’ experience in addition to acade-
mic qualifications is essential: 1. Developmeut
of carrier systems and filter design. 2. Com-
munication receiver and transmittér design. 3.
Research and development associated with tele-
vision reception. Rates of pay are proportional
to gualifications, experience and age. Publica-
tion of original work wherever possible is
desirable and is encouraged. Successful candi-
dates are elegible for the superannuation
scheme. Applications should be made in the
first case to the Personnel Officer, Mullard
Research Laboratory, Redhill, Surrey. W 2480

CLASSIFIED ANNOUNCEMENTS
continued on page 6
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For the neat and systematic housing of laboratory equipment
for the measurement of radioactivity, Ekco can supply numerous combinations
of units mounted in racks or cabinets, with interconnecting leads and mains
supply cables cleated in position. Where necessary, cooling fans are incor- =
porated. The equipment can be built up on the unit basis, blank panels being
replaced with additional instruments when required. Such an installation has
many advantages over the haphazard positioning of units with tangled leads
and makeshift connections, which hardly inspire confidence in the results
obtained. Ekco rack mounted equipment is indeed a most useful aid to speed and

accuracy in research and routine work. Please write for further information.
Ekco Rack Mounted
Proportional Counting

EK G 0 electronics o

E. K. COLE LTD. (Electronics Division), 5 VIGO STREET, LONDON, W.|

e
7/

When selecting stamping materials for the
cores of small transformers, chokes, relays, etc.,
or shields and screening boxes to house them,
it always pays to consult the acknowledged
specialists.

There’s a world of difference between
* transformer iron > and one of the Telcon
high permeability nickel-iron alloys. The
difference is chiefly a matter of magnetic
performance.

Each of the soft magnetic alloys of the Telcon
Metals family is scientifically formulated and
processed, under laboratory control, to
possess a known combination of electrical and
magnetic properties most suited to a particular
range of operating conditions. The practical
advantages are that by selecting the grade
appropriate to a given application, useful
savings in weight and bulk become possible
with a worthwhile increase in efficiency.

Manufacturers are invited to write for technical advice and details of design data.

TELCON METALS

THE TELEGRAPH. CONSTRUCTION & MAINTENANCE CO., LTD.

Hedd Office.: 22 Old Broad Street; London, E.C.2. Telephone: LONdon Wall 7104
Enquiries ‘to :" Telcon Works,-Greenwich, S.E.10. Telephone :. GREenwich 3291

TELCON

‘
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SITUATIONS VACANT (Cont'd.)

MULLARD RESEARCH LABORATORY.
Several Draughtsmen are required for work on
electronic engineering projects. Some of the
vacancies are for senior men of at least HNC
standard who have spent a number of years in
a Laboratory or Factory design department and
are capable of original layout work. Other
posts are for Detaiting Draughtsmen capable of
producing workshop drawings from such lay-
outs. Salaries will be at current levels accord-
ing to qualifications and experience. Prospects
of promotion are good and the posts fall within
the Company’s Pension Scheme. Application
forms Personnel Officer, Mullard Research
Laboratory, Cross Qak Lane, Salfords, Nr.
Redhill. Surrey. W 2363
MURPHY RADIO require Engineers with
knowledge of Magnetic Amplifiers and Servo-
mechanisms. Applicants  should have the
mathematical and engineering knowledge neces-
sary to design systems and undertake original
development work in this field. Apply giving
full details to Personnel Manager, Murphy
Radio, Ltd., Welwyn Garden City. W 2479

MURPHY RADIO LTD., have a vacancy for
an  assistant Engineer to be responsible for
designing, ordering and maintaining testing
and measuring instruments in their Electronics
Development Laboratory. Application giving
full details of qualifications and experience
should be made to Personnel ~Manager,
Murphy Radio Ltd., Welwyn Garden City.

W 2495

MURPHY RADIO Ltd., offer the following
vacancies in an expanding programme covering
the field of domestic equipment and many
branches of Electronic Development: (1) Senior
Development Engineers having Degrees in
Engineering or Physics with post graduate ex-
perience of equipment design who would be
capable of leading a development team. (2)
Development Engineers with similar academic
qualifications having less or no industrial ex-
perience. (3) A Specialist Engineer with good
academic qualifications having a sound know-
ledge of components and raw materials used in
the Radio industry. This .vacancy is only suit-
able for an applicant who is experienced in Elec-
trical measurements and life testing of com-
ponents. These posts are permanent and pen-
sionable and offer good opportunities for
advancement. Applications giving full details of
experience and qualifications should be forwarded
to the Personnel Manager, Murphy Radio, Ltd..
Welwyn-Garden-City. W 2439

PHYSICISTS and Electrical Engineers.
Interesting and varied work is available in a
West London Research Department, for ver-
satile qualified Physicists and Electrical En-
gineers on applied measurements—electrical,
acoustic and mechanical. Good salaries are
offered. Applicants, who should have several
years’ industrial experience of this type of
work, are asked to forward full details of
education, qualifications, experience, sa'ary
required to Box A.E. 780, Central News Ltd..
17 Moorgate, E.C.2. W 2476

RADAR Research and Development Labora-
tories in London area require Senior Engineers
and Physicists at all grades up to that of Pro-
jects Leaders at salary scales of up to £1,200
per annum. Applications are invited from
men with sound qualifications and extensive
experience in the design of microwave radar
systems and associated electronic apparatus.
Assistance will be given in obtaining satisfac-
tory local housing. Removal expenses from any
part of the United Kingdom will be met. Please
write in the first instance full details of ex-
perience, qualifications, age and salary required
to Ref. GX. G.C. Box No. 245].

RESEARCH and Development Engineers are
required by British Telecommunications Re-
search Ltd., a Company associated with The
Automatic Telephone & Electric Co., Ltd., and
British Insulated Callender’s Cables Ltd., for
work on long term development projects in the
following fie'ds: (a) Wide-band line communica-
tion. (b) V.HF. and U H.F. radio communi-
cation. (¢) BElectronic Switching and Compuling.
A number of posts with salaries in the range
of £500-£1,000 per annum are available for
suitably quatified engineers or physicists with
experience in any of the above or allied fields.
Further posts are available for technical
assistants with salary in the range of £300-£600
according to qualifications and experience. Appli-
cations are also invited from Hons. Grads. in
physics or electrical engineering who are con-
- sidering careers in the research and develop-
ment side of the telecommunications industry.
There is a superannuation scheme and the com-
pany works a five-day week. Applicants join-

ELECTRONIC ENGINEERING

" education,

ing early in the year will be eligible for full
anpual holidays. Application should be made
to the Director of Research, British Telecom-
munications Research Ltd.,, Taplow Court,
Taplow, Bucks, giving age and full details of
qualifications, experience and
approximate salary required. W 2436

SALES MANAGER required by large long-
established Engineering Company. Must have
first-class technical knowledge, preferably with
University Degree in Electrical Engineering.
Extensive experience of Electronics essential.
Position offers wide scope for really live man
possessing initiative and sales ability of high
order. Write giving full details of age, educa-
tion and positions held to Box EE.609, at 191
Gresham House, E.C.2. W 2358

SALES ENGINEER required to handle elec-
tronic equipment for the Metallurgical and
Chemical Industries. Must possess University
Degree or equivalent qualification. London
area. Write giving full details as to age, pre-
vious experience, and qualifications to Box No.
W 2470.

SCUNTHORPE HOSPITAL Management Com-
mittee. Immediate vacancy for Technician in
Physics Department of Radiotherapy Centre to
assist in instrument making, laboratory work,
darkroom work and X-ray plant maintenance
particularly. Applicants with knowledge of
building and servicing electronic équipment pre-
ferred. Electrical Engineering qua'ifications
and experience in other aspects of the work
advantageous. Some radiation work will have
to be undertaken.
conditions of service, present salary scale £410

by £15 (3) and £20 (1) to £475. N.H.S. Super-
annuation  Scheme. App'y naming two
referees to Secretary, The War Memorial
Hospital, Scunthorpe, Lincs. W2436

SENIOR AND JUNIOR Electronic Engineers
required for development of Guided Missiles and
other work of national importance. Good
academic qualifications, a thorough knowledze
of Jow frequency electronic circuits including
D.C. Amplifiers, and practical design experi-
ence of lightweight electronic equipment are
desirable. The posts are pensionable, and offer
good scope for a man to learn and develop new
techniques and advance his position. Apply
to Personne! Manager, Sperry Gyroscope Co.,
Lid., Great West Road, Brentford, Middlesex,
giving full details of age, qualifications :g\}d €Xx-

perience and salary required. 2440
SENIOR DESIGN Draughtsman required by
manufacturers of elect-ical and electronic

equipment. A thorough knowledge of mate-
ria's and production methods is essential. The
salary will be commensurate with qualifications
and experience. Box No. 2471.

SERVICE ENGINEER required having good
knowledge of reciprocating aircraft engines and
reasonable know'edge of electronic p-actice.
Preference will be given Lo applicants with ex-
perience of electronic engine perfo-me2nce
analysis.
to travel in UK. and Continent. Salary com-
mensurate with qualifications and experience,
but not less than £450 p.a. Superannuation
scheme. Apply with full details of age., ex-
perience and salary required to the Personnel
Manager, Sperry Gyroscope Co., Ltd., Great
West Road, Brentford, Middlesex. W 2489

SOBELL INDUSTRIES, LTD., Hirwaun, South
Wales, require; 1. Mechanical Designer
Draughtsman. 2. Radio Television Deve'op-
ment Engineers. Write sta’ing quaifications,
experience and salary required to Personne!
Dept. W 2502

SPERRY GYROSCOPE Co., Ltd., Great West
Road, Brentford, Midd'esex, require Electro-
Mechanical Engineers with good academic quali-
fications, apprenticeship, theoretical background
and knowledge of production methods for
development work. Experience in electrical
methods of computation, servo theory and in-
strument design desirable. Apply with full
detai's of age, experience and salary required to
the Personnel Manager. W 2422

SPERRY GYROSCOPE Co., Lid., Great West
Road, Brentford, Middlesex, require Electronic
Engineers with good academic qualifications and
apprenticeship for development work. Experi-
ence in one or more of the following desirable:
control systems, D.C. amplifiers, computing
devices, video circuits, microwave techniques.
Apply with full details of age, experience and
salary required to the Personnel Manager.

W 2421

SUNVIC CONTROLS LTD., have vacancies
at their Harlow factory for high grade labora-
tory personnel for development work on elec-
tronic and electromechanical process control

Whitley Council terms and -

Successful applicant will be required’

equipment. Applicants should have H.N.C. or
equivalent, and preferably some years’ work-
shop experience. Houses will be allotted to
successful applicants.  Application in wriling,
giving full particulars, should be made to Chief
Engineer, Sunvic Controls Ltd., No. 1 Standard
Factory, Harlow, Essex. W 2458

TECHNOLOGISTS, Mechanical Engineers,
Higher Nationa! Certificate or Graduates, 20-30
years, required for permanent appointments
Mechanical Test Department, S.E. London.
Must be capable of undertaking investigations
into performance and analysing of test results
of electro mechanical, mechanical and hydraulic
mechanisms. Some test gear design from speci-
fication data and routine testing involved. Write
stating salary required giving qualifications and
previous experience to Box E.C.652, at 191
Gresham House, E.C.2, W 2377
TECHNICAL ASSISTANT required to study
the performance of Geiger Counter Tubes and
Cathode Ray Tubes, etc. Applicants should
be of Intermediate standard. The post is open
to young people of either sex and offers good
opportunities on the technical side of an_ex-
panding organisation in S.E. London, Staff
Pension Scheme. Applicants should give age,
experience and salary required. Box No. I411.
TECHNICAL ASSISTANTS required for in-
teresting work in connexion with Hlgh Fre-
quency Cable Testing. Previous expesrience not
essential, but applicants should hold National
Certificate or equivalent qualifications. Apply
in writing to Siemens Brothers & Co., Limited,
Ref. 423, Woolwich, London, S.E.18. W 24384

TECHNICAL LIBRARIAN required by British
Telecommunications Research Ltd., Taplow
Court, Bucks. A know'edge of telecommuni-
cations, electrical engineering or physics
approaching Degree standard is required with
preferably some technical library and typing
experience. Some know'edge of foreign
languages useful. Salary initially £350-£550 per
annum depending on qualifications and ex-
perience and subject to annual review. Pension
fund, 5-day week and canteen. App'ication
forms may be obtained from the Director of
Research. w

THE GENERAL ELECTRIC CO., LTD.,
Browns Lane, Coventry, have vacancies for
Development Engineers, Senior Deve'opment
Engineers, Mechanical and Electronic, for their
Development Lahoratories on work of National

Importance. Fields include Microwave and
Pu'se Applications. Sa'ary range £400-£1,250
per annum. Vacancies also exist for Specialist

Engineers in component design, valve app'ica-
tions, electro-mechanical devices and small
mechanisms. The Company’s Laboratories pro-
vide excel'ent working conditions with Social
and Welfare facilities. Superannuation Scheme.

Assis’ance with housing in special cases. Apply
by letter stating age and experience to The
Personnel Manager (Ref. ). W 2491

UNIVERSITY OF LONDON Postgraduate
Med'cal School. .Electronics Engineer required
to develop Biophysics equipment for medical
research. Applicant should hold the Higher
National Certificate or eauivalent. Salary,
depending on qualifications up to £580, with
superannuation. Applications, age and details.
to the Secretary, Postgraduate Med‘cal School,
Du Cane Road, W.12, by March 8th. W 2475

YOUNG ELECTRONICS and Telecommuni-
cations Engineer required as Techncal Assist-
ant in London Chartered Patent Agents’ Office.
£400 per annum to commence. Will be trained

with view to qualifying in profession. Apply
to Box No. W 1407.

SITUATIONS WANTED
Advertisements under this heading are, where

applicable, subject to the Notlification of
Vacancies Order 1952. with particular refer-
ence to- Article 3 thereof.

ADVERTISER, 24 years’ experience in Radio
Communication, Assoc. Brit. I.R.E., City and
Guilds Final Radio Communication plus Tech-
nica! Electricity, Final International Technical
Certificate in Mathematics, Electrotechnics and
Radio Communication (equivalent 3rd year
B.Sc.) seeks post in design of, or other work,
in Communication Apparatus of all t . Go
anywhere preferab'y Southern Rhoresia, South
Africa, New Zealand or Australia. Fully willing
undereo probgtionary period with confidence.
Box No. W 12819,

CLASSIFIED ANNOUNCEMENTS
continued on page 8
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The
Ski’s

the limir ...

Our four winter sports enthusiasts are in reality
Tufnol bell insulators for overhead power lines. They
help us to point to the unlimited potentialities of
Tufnol in industry generally.

By way of example: in the case of the moulded Tufnol
bell insulators illustrated, absolute reliance can be
placed on the impressive figures of itselectrical strength
znd tensile breaking strain — and those figures hold
good under the
most adverse con-
ditions of exposure
for many, many
years.
But Tufnol is also
supplied in sheets,
tubes, rods, bars,
angles, channels,
and other standard
Tufnol is sections, to be drill-
ed, tapped, sawn,
milled, turned,
punched, or routed to your own specification —
in your own workshops if required.
Tufnol asks no favours —it can be machined accurately

A group of Tufnol Gears.
suttable for most types of gears.

MARCH 1952

and as easily as hardwood without revealing any of
the obvious defects of either wood or metal when
subject to corrosive conditions, moisture, impact, or
simple wear and tear. .

The only limit set to the uses of Tufnol is the imit of
your own ingenuity in employing this very versatile
material.

HOW MUCH IS KNOWN
ABOUT TUFNOL?

We have prepared literature containing
all the data relevant to Tufnol as a
material and manyauthenticated instances
of 1ts application to engineering and
industrial problems. Qur own Technical
Staff are always ready to co-operate in,
and report factually on, any proposed new
development. Why not write TODAY ?

REGISTERED TRADE MARK

An ELLISON Product

BIRMINGHAM -

228B
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ELECTRONIC ENGINEERING




SITUATIONS WANTED (Cont'd.)

ELECTRONIC ENGINEER, experienced tele-
vision, design, training, requires responsible
post. AM.LLE.E. Present salary £1,000. Will-
ing to settle overseas, particularly Australia.
Box No. W 1402.

ELECTRONICS ENGINEER, 35, married, re-
turning  shortly from overseas comracl seeks
mleresung and remunerative posmon wnh pro-
gressive organisation, preferably in commercial
or administrative capacity, experienced in
U.H.F., and pulse techniques, etc., used to
responsibility. Box No. W 1421,

HONOURS ENGINEERING graduate with
considerable Electronic experience will under-
take Technical Design, 1Investigation or
Journalism on free-lance basis. Location
London. Box No. W 1424

FOR SALE

AMERICA’S famous magazine Audio Engineer-
ing, 1 year subscription 28s. 6d.; specimen
copies 3s. each. Send for our free booklet
quoting all others; Radio Electronics, Radic
and Tele. News, etc. Willen Limited (Depl 9)
101 Fleet Street London, E.C.4 W1

RESEARCH into the use of servo-control
equipment in industry is rapidly expanding and
it will be of interest to manufacturers to hear
that we are in a position to offer for immediate
delivery many types of Magslip and Selsyn
elements at a considerable reduction on current
prices. Among the many applications of Mag-
slips we may mention use as a flexible shaft,
for remote indication, remote power control,
remote handling (e.g. of radioactive materials)
and electrical computation. Our large stocks
include Magslip transmitters, receivers, resolvers,
hunters, follow through transmitters and many
other special types. Linear A.R.L. Ipots No. 1
Mk. 1 are also available. All our equipment

FOR DISPCSAL. Approx. 800 ibs. M.E.A.
No. 8 Laminations 0.004 thick Radio Metal.
Box No. 1410,

MAGSLIPS at 1/10th to 1/20 of list prices.
Huge stocks. Please state requirements. K,
Logan, Westalley, Hitchin, Herts. W 116

MERCURY SWITCHES are made by Hall
Drysdale & Co. Lid., of 58 Commerce Road,
Wood Green, London, N.22. ’'Phone BOWes
Park 7221-2. W 107

MINIATURE STEEL BALLS and Ball Bear-
ings Swiss and German Precision Work. Quick
delivery. Distributors: Insley (London) Limited,
119 Oxford Street, London, W.1. Tel.:
Gerrard 8104 and 2730. W 143

PURE BERYLLIUM FOIL 0.005.in. thick:
Elgar Trading Limited, 240 High Street, Lon-
don, N.W.10. W 141

TOROIDAL COILS wound. and latest potted
inductors to close limits. Bel Sound Products
Co., Marlborough Yard, Archway, N.l9.w o

139

WEBB'S 1948 Radio Map of the World, new
multi-colour printing with up-to-date call signs
and fresh information; on heavy art paper,

6d., post 6d. On linen on rollers, lls 6d.,
post 9d 02

SERVICE

CONSULTANTS offer their facilities for the
experimental development of new manufactur-
ing projects, pilot-scale production, etc., relat-
ing to electronic components and matenals as
well as electrical ceramics. Also advisory ser-
vices in these fields and on general electrical/
chemical problems. Box No. W 1425.

GLASSBLOWING repetition and scientific, by
Hall Drvsdale & Co. Ltd., of 58 Commerce
Road, Wood Green, London, N.22. ‘'Phone
BOWes Park 7221-2. W 109

TRANSFORMERS and all types of electrical
winding to specification and highest standards,
large or small quantities, good deliveries, quo-
tations by return. Wilflo Products, 230-254
Brand Street, Giasgow, S.W.I. W 2387

is guaranteed. Home and export enquiries in-
vited. Illustrated brochure and price list from:
Servotronic Sales, Abbey Road, Belvedere,
Kert, Telephone Erith 2479. W 2447

EDUCATIONAL
FREE ! Brochure giving details of courses in
Electrical Engineering and Electronics, covering

A M.Brit..R.E., City and Guilds, etc. Train
with the Postal Training College operated by an
Industrial Organisation. Moderate fees. E.M.I.
Institutes, Postal Division, Dept. E.B.29, 43
Grove Park Road, London, W.4. Chiswick
4417 (Associate of H.M.V.). W 2338

CITY & GUILDS (Electrical, etc.) on *‘No
Pass—No Fee *’ terms. Over 95 per cent suc-
cesses. For full details of modern courses in
all branches of Electrical Technology send for
our l44-page handbook—Frée and post free.
BI.E.T. (Dept 337C), 17 Stratford Place,
London, W.1. W 142

BUSINESS OPPORTUNITIES

DISTRIBUTORS of Industrial Electronic
Equipment invite offers of Agencies for Export
and Midland Counties from Manufacturers.
Collins & Co., 104 Soho Road, Birmingham,
21. W 1422

PATENTS

THE PROPRIETOR of British Patent No.
561,434 relating to Electric Relay Systems for
the Automatic Control of variable Conditions,
is desirous of arranging by licence or other-
wise on reasonable terms for the manufacture
and commercial development of the invention.
For particulars address in the first instance to
Matthews, Haddan & Co., 31/32 Bedford
Street, Strand, London, W.C.2. W 2459

THE PROPRIETOR of British Patent No.
564,193 relating to Electronic Translating
Devices, is desirous of arranging by licence or
otherwise on reasonable terms for the manufac-
ture and commercial development of the inven-
tion. For particulars address in the first in-
stance to Matthews, Haddan & Co., 31/32
Bedford Street, Strand, London, W.C.2.

W 2460
THE PROPRIETORS of British Patent No.
564,194 relating to Electronic Translating
Devices, are desirous of arranging by licence
or otherwise on reasonable terms for the manu-
facture and commercial development of the
invention. For particulars address in the first
instance to Matthews, Haddan & Co., 31/32
Bedford Street, Strand, London, W.C.2.

W 2461

tests

megohms

* % Ok Ok k% % % %

HOLLAND PARK,
Telephone : Park 6955/5237

300-30,000 VOLT

IONISATION . TEST SET

OUTSTANDING FEATURES :
Wide range output, 300-30,000 volts
Quantitative ionisation indication

Non-destructive high-voltage insulation

D.C. leakage measurements
Automatic trip circuits
Time recorder for life tests

High resistance measurement to 30,000

Relatively portable

Stabilized against mains variations

HHHE

34 POTTERY LANE,

A COMPREHENSIVE HIGH-VOLTAGE
LABORATORY IN ONE EQUIPMENT

D
LONDON, W.II

'ELECTRONIC ENGINEERING
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- |HAIRSPRING TORQUE TESTING

- { CALIBRATION of ACCELEROMETERS
FATIGUE TESTING

REPEATED FLEXURE TESTING
DYNAMIC RESPONSE

) DETERMINATION
—and a wide variety of industrial
uses where specific forms of
agitation are required, such as
sifting chemicals, powder separ-
ation, etc., etc. -

To all whose busi-
ness involves the study of
““vibration phenomena™ a N
Goodmans Vibration Generator
is an cssential piece of test gear. They \
provide controllable vibratorysinusoidal \\\\§
torces of frequency and amplitude by which \
specific anticipated vibratory conditions can
be accurately simulated. In this way the behaviour
of materials and structures under dynamic loading can

be predicted and their resonant responses pre-determined.

A\
N

The impusition of ‘. These vibrators simulate the

vibration characteristics met with in modern aero-
nautical rescarch, particularly in the sphere of
guided missiles. Thus relays,valves, elec-

troniv equipment,and structural materials

canbe pre tested for the ability to with-
stand these destructive forces. % .

BRIEF SPECIFICATION OF MODEL 390A

FULLEST TECHNICAL DETAILS

Stroke ... .- % in. total cxcursion (up to § in. sinusoidal wave form). AVAILABLE FROM “ VIBRATOR
Power Capacity .. Force facior 4.85 lb. per amp., 2 amps uncooled. 4 amps DIVISION™
cooled (continuous rating).
. . . GOODMANS INDUSTRIES LTD.
Acccleration per amp.  Armature free=17.0g ; with 21bs loading=2.1g. AXIOM WORKS - WEMBLEY - MIDDX
Range ... .. 0-10,000 ¢fs: Telephone : Wembley 1200 (8 Jines)

DESIGNERS AND PRODUCERS OF ELECTRO-DYNAMIC TRANSDUCERS FOR OVER 25 YEARS.

MARCH 1952 - 9 ELECTRONIC ENGINEERING
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L Ho « § \ > - Regestered Office: Connaught House, Mldwych, Landon, W.C.2
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Stray field
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POWER
| STABILISED |
a TYPE 200

REMOTE CONTROL UNIT

TYPE 221 A.D.

I. 10-360v.= 150 m.A.

2. 220 -360 v. = 75 m.A,

3. 0-150v. = NEG. 20 m.A.
4, - 300 v. = NEG. 20 m.A.

5 - 450 v. = 250 m.A. Unreg.
6. 6.3 v.50 A. HEATERS

MILLIVOLTS
MEASURED

1.0 Millivolts full scale deflection 4 inches

30 c.p.s. to 2.0 Mc/s.

TYPE 1277

INTER ELECTRON INDUSTRIES
7 CHILTERN STREET, LONDON, W.I

ELECTRONIC ENGINEERING 12 MARCH 1952



ENGLISH ELECTRIC

electronic insulation tester

: ' ENGLISH ELECTRIC
’ s‘vh,u.g. ELECTRONIC

N INSULATION TESTER
10 kV DC.

SELECTOR

%18

xlt/”‘-h~\5.dﬂo

jonisaTion . (%5 AMPUFIER
DNISA :?

Designed for industrial electrical testing
it provides for the first time 10=kV D.C. in a truly portable equipment having
the following outstanding features :

Non-lethal output adjustable from 500 High accuracy on comparative tests.
to 10,000-volts. Rejection of surface leakage current.
Measurement up to 250,000 megohms. Aural indication of ionisation.

Price £858 - Size: 15" x 10" x6” - Weight:23 Ibs.

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

Industrial Electronics Dept. Stafford

Works: STAFFORD * PRESTON - RUGBY * BRADFORD = LIVERPOOL

EIN. 1.

MARCH 1952 13 ELECTRONIC ENGINEERING



" VARAC voltage-regulating

Reg? Trade Mark

3 LTIV AFISEV I M transformer

SPECIFICATIONS Ner -

Tyre Loap No-Loap PRICE

RATING INPUT CURRENT OuTPUT Loss

VOLTAGE RaTED MAxXIMUM VOLTAGE £ s, d
100-K 2000 va. 115 15 a. 17.5 a. 0-115 20 watts 1717 0
100-KM 2000 va. 115 I5 a. o 17.5 a. 0-115 20 watts 1812 0O
100-L 2000 va. 2301115 8 a 9a 0-230 25 wats 1717 0
100-LM 2000 va. 230/115 8 a. 9 a. 0-230 25 watts 1812 0
100-Q 2000 va. A 15 15 a. 17.5 a. 0-135 © 20 watts 18 9 0
100-QM |’ 2000 va, 115 15 a. 17.5 a. 0-135 20 watts 19 4 0
100-R 2000 va. 2307115 8 a. . .9 a. 0-270 30 watis 18 9 0
100-RM 2000 va. 230/115 } 8a - 9 a. 0270 - 30 watts 19 4 0
100-LH . 1200 va. 480/240 2a 258 - 0480 25 watts 215 o
500-L = 1450 va. 180 8 a. 9 a. 0-180 25 watts 1717 0
2000-K t+ 1000 va. 125 8 a. 9 a. 0125 25 watrs 1717 0O

* For 500 cycles 1 For 2,000 cyclé service * All ** VARIAC ” prices plus 10% as frém Ist June, §951

SERIES 100 "VARIAC' TRANSFORMERS

With a'VARIAC, voltages are instantly and
minutely adjustable from O-Line Voltage.
On some patterns, such as [00-R, there is
even an “over voltage” feature. This can
provide over line voltage, or compensate
for low lines. See curves and input and
output connections, shown below.

= >
3 Q
M
o~

L

|

4

2 5

!

éB
g
T
| 20 60 100 140 180 220 260
OUTPUT VOLTAGE

QUTPUT CURRENT CHARACTERISTIC
AND TERMINAL ARRANGEMENT FOR
TYPE 100-R TRANSFORMER

270V

CONTINUQUS QUTPUT CURRENT — AMPERES
s> 0 ®5 - > @5
T T
NPUT INPYT |
nsv.f
o
0270V,
OUTPUT QUTPUT
D O
—270V.—
— 230V
lI5y=
™
o
-~ 0-270V -
o |3
[0
9% O s |7

—INPUT
QUTPUT

@ Many other suggestions on the use of * YARIAC”
Transformers are contained in Catalogue Y549 which
will gladly be sent on request.

TYPE 100-R

CL.3

ELECTRICAL AND RADIO LABORATORY APPARATUS, ETC.
180 Tottexham Court Road, London, W., and 76 Oldhall Street, Liverpool; 3, .Lancs.

ELECTRONIC ENGINEERING 14 . ) ' MARCH 1952



IRMEC IONISATION TESTERS provide the only known method of ensuring that

the life of an electrical component, cable or equipment is not shortened by ionisation

currents occurring at or below the working voltage. These instruments enable the quality
of insulating materials to be determined, and provide an excellent means of testing components
for faulty impregnation and dampness.

An important feature of the testers is their high source impedance which, by limiting
the current to a low value, ensures the maximum safety for both operator and equipment
under test. _

THE SKV IONISATION TESTER, TYPE 732, illustrated above,
has been in production for over three years, and has recently been
modified to incorporate several improvements. Besides indicating
the threshold voltage at which ionisation occurs between the limits
250 and 5,000 volts, the instrument now gives a direct meter indica-
tion of leakage currents, and enables the value of insulation
resistance to be determined. Furthermore, an output jack is provided
so that ionisation may be detected by the use of headphones or an
external meter.

THE 20KV IONISATION TESTER, TYPE 755, which is
illustrated on the left, operates on the same principle as the SKV
model but over a higher voltage range, a test voltage continuously
variable between 3 and 25 KV being available from the H.T. Unit of
the equipment. This unit is connected by a cable
carrying low voltages only to an Indicator Unit which
may be situated up to 12 yards away. The output
current i®limited to a very low value by its high source
impedance, and as a further safety precaution, an
interlocking circuit is provided to enable the H.T. Unit
to be operated in a cage.

The Indicator Unit besides providing audible indication
of ionisation, incorporates both voltage and current meters
to enable leakage current and insulation resistance
measurements to be-made.

Further details of these or any other Airmec instruments will be forwar;z'ed gladly upon request

AIRMEC tuworarors  ILIMEITED

HIGH WYCOMBE -+ BUCKINGHAMSHIRE °* ENGLAND

TEL.: HIGH WYCOMBE 2060 CABLES : AIRMEC HIGH WYCOMBE

MARCH 1952 15
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Only by trouble-free radio communication can

ships be kept safely on their courses, in constant
touch with each other, receiving and passing on

weather information and warnings.

No wonder then, that so many insist on G.E.C.
Quartz Crystal Units in their radio equipment—
they know from experience that only the best

is good enough for this critical component.

s
®

Write for list OC 5012 (R)

SALFORD ELECTRICAL INSTRUMENTS LTD- SALFORD 3- LANCS

A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND

ELECTRONIC ENGINEERING . 6. MARCH' 1952



Frequentite 1s the most suitable insulating méterial 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 Il}, Telegrams : Steatain, Stourport

MARCH 1952 17 . ELECTRONIC ENGINEERING
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INTRODUCE

ROTARY SOLENOIDS
& CIRCUIT SELECTORS

HE N.SF-LEDEX ROTARY SOLENOID
is a compact, robust and efficient electro-
mechanical device which provides a powerful
snap-action rotary movement of substantially con-

stant torque over the whole of the angular stroke.

The Rotary Solenoid was originally developed in-

the United States during World War I as the result
of an urgent demand for a dependable bomb release
with a high speed action. In the course of long and
extensive use in many types of American fighter and
bomber aircraft, it proved itself capable of standing
up to all the arduous working conditions imposed
upon it.

Evolution of the Rotary Solenoid was soon after-
wards followed by the development of the LEDEX
CIRCUIT SELECTOR, which employs the Rotary
Solenoid in conjunction with OAK Switch sections.
Many thousands of these units have since been
embodied in a wide range of equlpment using
remote control switching.

In arriving at the decision to manufacture
LEDEX ROTARY SOLENOIDS and CIRCUIT
SELECTORS in Great Britain, N.S.F. were inspired
by the fact that the large quantities that have been
produced in the United States have been giving
reliable and efficient service over an extensive period.

Besides achieving success in bomb release
mechanisms, the LEDEX ROTARY SOLENOID
has subsequently been employed with great success
in aircraft and automobile radio equipment; sports-

Sole Licensees of G. H. Leland, Inc., Dayton, Chio, U.S.A.

1

ground scoreboards; totalisators; accounting

- machines; machine tool controls; co-axial switch

drives for television, tele-communications and radar;
hydraulic valve operation; and auxiliary fuel tank
release apparatus on jet fighter planes.

We at N.S.F. are confident that these and
all present applications of LEDEX ROTARY
SOLENOIDS and CIRCUIT SELECTORS repre-
sent a very small percentage of the total potential
uses in both the mechanical and electronic fields.
We therefore earnestly invite all Engineers who feel
they could make use of these devices in any project
they may have under development to contact us,
in order that they may have full benefit of our

N.S.F. LIMITED

Phone: KEIGHLEY 4221/5.

London Office: 9 Stratford Place, W.I.

ELECTRONIC ENGINEERING

KEIGHLEY
Grams: ENESEF, Keighley

Phone: Mayfair 4234

accumulated experience.

YORKS
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An Analyser for all Waveforms

Wide frequency band —xgc/s to 2xkc/s in
3 overlapping ranges

Frequency accuracy constant over entire range
Response substantially flat over entire range

Flat-topped response curve — narrow or wide
bandwidth selected at will

The Muirhead—Pametrada

Wave Analyser
Type D-489

Whatever the waveform, whether a simple
electrical oscillation consisting of a funda-
mental and a few harmonics, or the most
complex vibration waveform, made up of
many unrelated frequencies, the Muirhead-
Pametrada Wave Analyser can be relied
upon to select each component quickly
the
flat-topped variable band-width response

and accurately — quickly because
curve simplifies tuning (especially when
the frequency is fluctuating) — accurately
because the stable resistance-capacitance
tuned filter circuit ensures constant per-

centage accuracy at all frequencies.

Features

Off-peak response proportional to percentage
mistuning

Output frequency is that indicated by tuning
dial and is available for oscilloscope viewing

Octave discrimination better than 7odb

Mains operated from a separate supply unit

For Full Details Write for Bulletin B— 663

MUIRHEAD & Co. LTD.

ELECTRICAL INSTRUMENT MAKERS

KENT - ENGLAND

Telegrams & Cables : MUIRHEADS ELMERS-END

PRECISION

BECKENHAM -

Telephone : BECkenham oo41

PRECISON

MUIRHEAD

ELECTRICAL INSTRUMENTS

62K

MARCH 1952
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¢

The  Metrovick ..

" MAGNETIC

'AMPLIFIER/THYRATRON
CONTROL SCHEME

Electronic control gear has been used in indus-
try for some time to give high performance
and to deal with difficult automatic control
problems. Performance of fully electronic gear
is often much higher than is necessary; the
magnetic amplifier thyratron combination re-
tains the advantages of electronic control
_technique, at the expense of slightly reduced
" performance, but adequate for the majority of
industrial drives. Coupled with this are the

advantages of greatly simplified circuitry ana
improved reliability.

The illustration shows a standard § h.p. unit as
used _for small printing presses, machine tool
dr}‘ves, or dancing roller systems qf control . in
continuous processes such as paper and rubber

manufacture.

METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 17
Member of the A.E.I. group of companies

WIFISUYI(Q9 for simplification in electronics

ELECTRONIC ENGI_NEERING 20 MARCH 1952
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- Marconi came into a world in which
communications were adolescent.

When he left it, the marvels of radio

were a commonplace. His name

mm—%hh

had achieved immortality ; his work

was established in the service

iz

of mankind. It is therefore

no coincidence that the Company

which he founded should

N\

supply communication and navigation.

equipment for aircraft like
the Canberra and Comet, which
are the most advanced

of their class in the world.

MARCONI'S WIRELESS TELEGRAPH COMPANY LTD - CHE.LMSFORD*'-E.SSEX

MARCH 1952 ) 21 ELECTRONIC ENGINEERING
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—with the

‘CINTEL’
UNIVERSAL VALVE TESTER

This instrument will produce a family

of eleven Anode Current/Anode Voltage
curves on a cathode-ray tube screen and
is suitable for testing any receiving type
valve. A calibrated graticule enables
direct comparison to be made with valve
manufacturers’ published curves and the
optimum operating conditions for a valve

in any circuit are easily obtained.

Full technical iqformation is available on application to:—

CINEMA-TELEVISION LIMITED

A Company within the J. Arthur Rank Organisation

WORSLEY BRIDGE ROAD - LONDON - S E 26
Telephone: HITher Green 4600
SALES AND SERVICING AGENTS <
F. C. Robinson & Partners Ltd, H. Hawnt & Co., Lid, Atkins, Robertson & Whiteford Ltd.,
287, Deansgate, Manchester, 3 59, Moor St., Birmingham, 4 100, Torrisdale Street, Glasgow, S.2 l N I E

. 7 N
=

___I' /REGlSTERED TRADE MARK

ELECTRONIC ENGINEERING 22 MARCH 1952



\ PHOTO-ELECTRIC RELAY

for ‘ON’ or ‘OFF " control
of ELECTRIC POWER

‘{, R
'§
i

ts

The standard relay is extremely sensitive

I

i o
? s

and responds to the incidence or inter-
ruption of a beam of light, the intensity

of which may be as low as 1-foot candle
and the duration as short as one-tenth
of a second.

Applications to industrial processes include :— Control of lighting, liquid level,
register, side-lay, dimension, weighing, counting, etc; also alarm devices.

THE

__BRITISH THOMSON-HOUSTON —

COMPANY LIMITED, RUGBY, ENGLAND

" Member of the AEl group of companies

A4254

MARCH 1952 .23 ELECTRONIC ENGINEERING




Intensive development of electrodes,

dielectric and processing now provides

anew and greatly improved Hunt-Ingram

1029}
Capacitor — the MARK 5I.

In this latest type, the power factor has
been reduced to a limit not exceeding

0.1%; as a result the R.F. loadings can

TYPE M20 13" x 61" R.F. loading 140 kVA.
be increased by approximately [009.

5000-10000 pf. 10 kV. Pk. Wksg.

Among the many applications are:—

1000—3000 pf.” 15 kV. Pk. Wkg.
% TYPE M10 61" x 61" R.F.loading 70 kVA.
% 500—2000 pf. 15 kV. Pk. Wkg.
HF. Heating (blocking and bypass); % .
High Altitude Airborne Service ; 2% TYPEM5 61"x3%" R.F.loading 35 kVA.
Delay Networks in Pulse Circuits ; }1 150 — 500 pf. 15 kV. Pk. Wkg.
Radio Transmission ; .
Voltage Dividers and Stabilising Units.
They are particularly useful in
High Voltage and Power
equipment.

R.F.

room temperature (15-20°C.)
Full information is
freely available and enquiries are

R.F. loading ratings are at
invited from designers.

REGISTERED

CAPACITORS E
THE TRADE MARK OF RELIABILITY

A. H. HUNT (Capacitors) Ltd., Wahdsworth, London, S.W.18, BATtersea 3131. Estd. 1901.
ELZCTRONIC

ENGINEERING
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A Clloarcomont

DUREX ABRASIVES LTD. wish to announce
that as from June 14th, 1951, the name of the
Company has been changed and is now the
MINNESOTA MINING & MANUFACTURING
COMPANY LTD. Identification will be as
before, except that the words ‘‘ Scotch Boy ”’
will be used instead of '* DUREX '’ as a prefix
to the name of the material, e.g., ** Scotch Boy
Magnetic Recording Tape instead of *“ Durex "’
Magnetic Recording Tape,

Existing high standards in the quality of
the products will be maintained the

i change is in name only.

4 002I% VA

ANOTHER @ PRODUCT

Manufactured by :—

MINNESOTA MINING & MANUFACTURING COMPANY LTD
167, STRAND, LONDON, w.C.2, and SLOUGH

MARCH 1952 25 ELECTRONIC ENGINEERING
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NEW DEVELOPMENT IN FASTENERS
For Holding Machine Parts Together .

TRUARC RETAINING RINGS

*
Frwverled
For bearings with large
corner radii, uniform
shoulder for curved
abutrting surfaces.

yn@z/océény

2-piece ring rakes heavy

thrusts, gives positive

lock, secure against high
Ms.

DBotwed*

Takes up end-play
resilitently, accommo-
dates accumulated
tolerances.

Crescent

Snaps on radially where
axial assembly is im-
possible. No special
tools needed.

PBevelled *

Takes up end-play
rlgidly, accommodates
accumulated tolerances.

Crrceelar
.?g% M&ny*

Economical where thrust
s moderate—holds fast,
yet shaft requires
no groove.

SFolf-Locking

Low cost ring for soft
shafting macerials, re.
quires no groove,
secure against
vibration.

Bowed ring body flattens
as nut is tightened. Inner

thread locks securely with
screw thread.

* Available for both internal and external application

Wherever machine parts must be held together with require no groove. They simplify designs ... save

strength and dependability, Truarc Retaining Rings have  materials . .

. minimise skilled labour operations.. .

proved themselves superior in performance to other types  facilitate maintenance of the finished product. Find out
of retainers—machined shoulders, nuts, bolts, cotter pins  what Truarc Rings can do for you. Send us your problem.
and ordinary snap rings. Quick and easy to assemble, We will be glad to suggest a design solution using T ruarc
Truarc rings fit securely in grooves. Self-locking types  Rings, and to send sample rings.

SEND FOR NEW CATALOGUE

. ‘WALDES

LTRUARL |

1 ,;_;,‘A I

eraining rings

REG. BRITISH PAT. OFFICE. TR. M. REGISTRY

WALDES KOHINOOR, INC, LONG ISLAND CITY 1, NEW YORK, USA. 1

TRUARC RETAINING RINGS ARE COVERED BY ONE OR MORE OF THE FOLLOWING BRITISH PATENTS:
618,832; 619,078; 621,122; 623,584; 627,059; 618,842 AND OTHER PATENTS PENDING.

Geo. Salter & Co. Ltd,
West Bromwich

D Please send catalogue on Truarc Retaining Rings

D Please send information about obtaining samples

Business Address

o e s e e e e e e e

ee |

s s s S o e G P o — T — ——— v S — — — ]
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RESOLVE YOUR PROBLEM
into FIGURES with the aid of
the NAGARD TYPE 103

OSCILLOSCOPE E - .
A wide range calibrated instrument for the faithful F l n g I n e B rI n g

display of electrical potentials against time, and the

measurement of all essential data. |
|| tncorporating ELECTRONICS, TELEVISION and SHORT WAVE WORLD
Managing Editor, H. G. Foster, M.Sc., M.LE.E.
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A Range of
Thyratrons for
Static and
Mobile
Applications

The Mullard range of thyratrons now includes
types suitable for use in both static and mobile
applications.

For static power and motor control
applications a group of mercury-vapour valves is
available, with anode current ratings ranging
from 0.5 to 6.4 amperes.

For switching, servo mechanisms and motor
control applications in aircraft, ships and mobile
industrial equipments, there is a series of
xenon-filled thyratrons available, with anode
current ratings ranging from o.1 to 6.4 amperes.
On account of the small variations-with-
temperatures of xenon, these tubes are
specially suitable for use in equipments
operating over a large ambient temperature
range.

For special applications where extremely
rapid rates of current rise are required, as, for
example, in the modulation of radar
transmitting systems, there is also a hydrogen-filled
thyratron, the ME1503. This valve,
characterised by its very low ionisation and
de-ionisation time, is the first of a group of
hydrogen thyratrons now being developed.

Brief technical details of the Mullard range of
thyratrons are given below. More
comprehensive information will be gladly
supplied on request.

BASE va (pk) PIV ia (pk) la (av)

TYpe DESGRIPTION max. (KV) | max. (KV) | max. (R) max. (R)

MERCURY-VAPOUR
MTI7 Triode
MTS7 Triode
MTI105 Tetrode

4-pin UX 2.5 5.0 2.0 0.5 }
4-pin UX 1.0 1.0 s 2.5
B4D 2.5 2.5 40 6.4

XENON-FILLED
2021 Tetrode
MTS5544* Triode
MT5545* Triode

B7G 0.65 1.3 0.5 0.1
B4D 1.5 1.5 40 32
B4D 1.5 L5 80 6.4

HYDROGEN-FILLED
MEI503 Triode

@
a
o

8.0 8.0 60 0.0i5

* Supplies tempororily \ restricted to Government Controctors only.

Mullard,

MULLARD LTD., | COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, W.C.Z
MVT 113
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Commentary

IN the middle of January this year, the Royal Commission on
Awards to Inventors announced its recommendations to the
Treasury * in respect of claims in connexion with the invention
and development of radar.”

As is now known, awards lotalling £94,600 were made to
21 claimants of whom Sir Robert Watson-Watt, F.R.S., received
the largest individual award of £50,000 for his “initiation of
radar and his contribution to the development of radar
installations.”

After reading the early history of the radar development
prior to the war it seems to us that there is a remarkable
similarity between Sir Robert Watson-Watt’s memorandum of
February 1935 and the now famous letter to “ Nature” of
Cumpbell Swinton in 1908. :

Campbell Swinton’s suggestions of course had to wait a
number of years before they could be brought to fruition, but
once Sir Robert Watson-Watt’s suggestions had been accepted
he was able to collect together a team of scientists and
demonstrate his theories with scarcely a day’s delay:

There were of course earlier attempts to utilize the reflexions
of radio waves and in 1928 a scientist at the Signal School at
Portsmouth put forward a scheme for the detection of distant
objects by observing the radio waves reflected from them
using either frequency modulated or “ periodically interrupted
waves.” This was followed in 1931 by a suggestion made by
two of the recipients of the recent awards—W. A. S. Butement
and P. E. Pollard—then at the Army Signals Experimental
Establishment at Woolwich, that ships at sea might be located
by the use of interrupted radio waves, but neither of these
schemes was investigated and the whole subject was allowed
to drop, presumably for lack of suitable techniques.

The principle of echo detection was, of course, well estab-
lished, and was the basis of the *‘ Asdic” detectors used in
anti-submarine warfare. It is
interesting to recall that at about

National Press. There had been some vague talk, and still
vaguer statements about the performance, of death-dealing rays
as a means of combating air attacks which needgd investiga-
tion, and in January 1935 Dr. H. E. Wimperis, then the Director
of Scientific Research at the Air Ministry, asked Watson-Watt
whether radio-destruction was even remotely possible. The
discussion was quite informal, for the matter was very secret,
but in a short time Watson-Watt, in collaboration with A. F.
Wilkins, produced an answer. They showed that the amount of
energy required to damage an aircraft engine or injure its crew
was far too great to be produced by any known method and
they added more or less as a postscript, the comment that “the
difficult but much more promising problem of location by
radio might be worth pursuing.”

Watson-Watt was asked to elaborate this suggestion and on
February 27, 1935 produced a 2,000 word specification of the
requirements for an effectivc radar system based on the radio-
echo method. Among other things he discussed the measure-
ment of range, bearing and elevation, (i.e., location in the
strict sense of the word) from a single station.

A demonstration was hurriedly arranged and a van con-
taining suitable radio receivers was driven to within a few miles
of Daventry. A pilot was instructed, without being told of the
object of the flight, to fly on a prescribed course near the
station when strong indications of the reflexion of waves from
Daventry were observed.

In May of the same. year a small team of scientists moved
to an isolated site near Orfordness and, working on a wave-
length of 50 metres, they demonstrated within a month
that detection of aircraft up to 15 miles was possible utilizing
the techniques they had developed for the pulse work
in connexion with Sir Edward Appleton’s work on the explora-
tion of the ionosphere. :

From then onwards the rest
is history, a fascinating history

this time a short-wave instal-
lation was fitted to the S.S.
*“Normandie ” which gave an
indication of the presence and
rough  bearing of neigh- .
bouring ships, but the essential
measurement—that of range—
still proved elusive.

However. by 1934 the Ger-
man Air Force was growing at
an alarming rate and consider-
able apprehension was being
felt in this countrv about our
lack of suitable methods of
defence. This apprehension was
not confined to our military
advisers and there was a good
deal of clamour in the

At this period of national sorrow we should
like to express our grief at the sudden passing
of His Majesty King George VI, and to join
with all our readers in offering our sympathy
to the members of the Royal Family,

To our new Sovereign, Queen Elizabeth II,
and to her husband, the Duke of Edinburgh,
we send our loyal greetings with prayers for
a long and peaceful reign.

God Save the Queen

of events leading to the mag-
netron, the thousand bomber
vaid on Cologne and the
methods of dealing with sub-
marines. Looking back at the
perilous days through which
we passed we are tempted to
speculate on what might have
happened had the postscript
been shelved. “ Never in the
field of human conflict etc.”
may without hesitation be
applied to Sir Robert Watson-
Watt and his original team,
and we should like to offer
our congratulations to the
recipients of these well merited
awards.
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The Theory and Design of Television
Frame Output Stages

By Edward T. Emms,* B.Sc, A.R.C.S.

THE object of the frame output stage is to deliver to former; L, represents the sum of the leakage inductance
the frame deflector coils a current which changes sub- L (I — k*)/ k" and the deflector coil inductance transferred
stantially linearly with respect to time during the scan to the primary n®Ly/k>.

period. The deflector coils may be high impedance Thus:
requiring a small peak-to-peak current to scan, or low

Lo(l — k%) n*Ly
- +

impedance requiring a large peak-to-peak current to scan. L, = - PO
The output valve is rarely capable of delivering the k
current swing necessary to directly drive the frame : n*Ly
deflector coils so that it is usual practice to employ a . = & I + L1 — k*)/ L,

frame transformer.

If the transformer inductances (primary and secondary)

are very large, the input cur-

R, represents the total resistance of the secondary

(rs + ry) referred to  the

(b) the Zero Initial Slope (z.1.s.) condition.

It will be appreciated that these two modes are purely
mathematical modes and that a design may yield opera-
tion approaching either (a) or (b) and still yield some
advantages over the sawtooth drive condition previously
mentioned. These modes of operation lead to anode
current waveforms of the general form shown in Fig. 1.
The load-lines on the I, — V. characteristics take the
forms shown in Fig, 2.

Fig. 3 gives a diagrammatic representation of some of
the terminology used in this article.

General Analysis

For the purpose of a general analysis of the trans-
former circuit it is convenient to express the diagram in its
equivalent form as shown in its equivalent form as shown

In this diagram L, is the shunt inductance of the trans-

* Mullard Research Laboratories.
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rent to the transformer is primary so that

approximately sawtooth in NOMENCLATURE R, = n*(re+ ry)/ K

f)(gnmg, ()t{;;sai::;vf;,)tgn c;;;?gf L, = inductance of transformer primary. We shall assume the de-

priate drive waveform on the Ry = resistance of transformer primary. fector coil current to be linear
" grid of the output valve. This L. = inductance of transformer secondary. during the scan period, having

mode of operation has been rs = resistance of transformer secondary. a peak-peak value Iy,. Thus

favoured in the past. Ly = inductance of deflector coils. referred to the primary we

However, if the peak valve ry = resistance of deflector coils. have

current is limited (at a given rm=1rs + 17y ki

anode voltage) more efficient n*Ly i) =——\/T - 1/2

modes of operation may be = el 1+ Lol — &%)/ Ly L0 |

used by appropriately choos- | % ‘Y 2 [ e - (D

ing the value of the trans- k = coefficient of coupling = M/ V LyL, We have two expressions

former secondary inductance. Iy = peak-peak current required in deflector for the voltage existing across

By appropriate choice of coils to scan g the shunt inductance L,

this secondary inductance, the x = k’L, ;n rET namely

energy stored in the trans- y = k*Ly/n’r, _ ;

former shunt inductance may w=y/x=Ly/L, Vo) = Lo ,d‘"/dt )

be made to contribute to ip = current in shunt primary. = Roi. + L. diy/dt

the deflecting current at the 1.() = output valve anode current. klop

commencement of scan. In I, = mean output valve anode current. =R, — {t/T - 1/2 +x

particular, two modes may be T = trace time. &

distinguished : I = magnetic length of transformer core. AU 4]

(a) the Minimum Mean I min = minimum output valve anode current. _
Anode Current (M.M.A.C.) con- : : R R N
dition; Integrating expression (2)

we obtain

kI
i(t) = {(r/T) - (l—2x)(r/T)}
Akly

2n

where A is a constant. ) .

The output valve anode current /, is the sum of i, and
iy, SO

I.(0)
xl, /2n (r/T)z/ux-k(t/])['Lr(l-}-u)—l}/;ux
FA-D ... @
where u = y/x = L,/ L,. 8

It will be noted that in general the anode current wave-
form is parabolic in form.

Insertlng the expressions for u, x and y we ﬁnd that
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expression (4) may be written

lﬂ(’) r2T ",_'T 2L~1 L L } /
= e, WTV —— (L +L¢/L)—1 1/

ijzn = kL UTF e p U =1 D)

FA-D.. (5

We may first observe that if k*Lg/r,T >> 1 the linear term
in time will predominate and so if the secondary inductance
is made sufficiently large the anode current waveform tends
to become linear. Usually this means a comparatively un-
economic design. If we made the secondary inductance

(a) Sawtooth Current Drive

}
|-

Anode
Current

(b)ero Initial Slope Condition

(c)Minimum Mean Anode
Cutrent Condition

Fig. 1. The modes of operation

infinite (i.e., the transformer becomes an “ideal” trans-
former) the anode current would be truly linear and we

should have
IL(T) = 10) + Inp/knn ........... . 6)

As the secondary inductance is reduced from infinity
the parabolic term becomes more and more predominant.
The minimum of the parabola which at high values of L, is
well to the left of + = 0 moves in towards ¢ = 0 (Fig. 5).
The actual position of the minimum may be found by
differentiating Equation (5) with respect to ¢ and equating
dla/dt to zero. We find that the minimum of the parabola
occurs at a time given by

Li + Ly

72

! =

Thus if we reduce L until Ly = r,T/2 — L, the mini- ‘

mum of the parabola then coincides with the start of scan.
(Zero Initial Slope Condition). The minimum anode cur-
rent then occurs at the start of scan (Fig. 5).

If the secondary inductance is reduced still further the
minimum of the parabola moves to the right of the start of

ICI Vgllo

=-2

Sawtooth Condition

/ z 15 Condition

mm ac.Condition

Vo
Fig. 2. Loadlines corresponding to the various modes

scan (Fig. 5). It will be shown later that with an appro-
priate choice of secondary inductance the average anode
current may be minimized. (Minimum Mean Anode
- Current Condition).

The voltage V', across the primary terminals is given by

V() = Rpla(t) + Vo) .o (8)

Zero Initial Slope Condition
By appropriate choice of the transformer constants the

MARCH 1952

anode current waveform may be made to have zero initial
slope. As we have seen, the condition for this is
Li=rT|2 - L, ..... &S00S 9
This equation implies that given the deflector coil induct-
ance and the total secondary resistance, the secondary
inductance of the transformer is fixed. This only leaves
the transformer ratio to be fixed which may be done by
consideration of the available peak anode current and the
voltage to which the anode may be swung at time r = T.
In the case of z.1.s.c. Equationh (4) reduces to

L o n
ﬁ = 2/ TR( + L/ LYK + (A — 1) .. (10)
The m?rl']limum anode current occurs at 1 = 0 so that
1.(0)
e A-1D o 11
klpp/zn ( ( )
]O
!
|
L@t
L f
! — I
‘[-d?)l_ ‘A ~th)\AlN :
(= =7
| 1
\ |
|
1 1
| : Ippr2
ta O =7
[} & 1
[pp/21 /
_._rf =T
L7 _
L Vi Towin 3 110 o)
’ i v, (1) ;VHY_ .' Ya
1] . ' 1
Fig. 3. Representation of nomenclature
Fig. 4. Equivalent transformer circuit
R
(j ideal
L;=-L [:"2) + —L—"sz
R, = n?(r+5) [k?
Combining Equations (10) and (11) we have
I N
L) = LO) + (1 + Ly/L)@/T) .. ... (12

kn
and in particular the anode current at the end of scan is

given by

L(T) = L(0) + /[:h"(l +Ly/ Ly
n

The mean anode current during scan /, may be found
by integrating expression (12) between the limits = 0 and
t=T. We find

IDD

T.=1. B () L,/ Le
I, 1(0)+3kn 14+ Ly/Ls)

ELECTRONIC ENGINEERING



In the case where the minimum current [,(0) is very
small it may be noted that the peak anode current is
approximately three times the mean current.

The voltage waveform at the transformer mput terminals
is given by

1r71pp{ K* } I5
Vi) = Rolult) + 52T =y - (19)
and in particular
nkrody,
= TR~ ANRE P 16)
V.(0) = R,/,(0) 21+ Lo/ Ly (
and
nrzlp,, k* }
= N
VI(T) RDIE(D {1 2(1 + Ly/Ls) ( )
The anode wattage dlssnpatlon is given by
N E — V() dt . (18
Wa ]-{-T:;o (t){ ()}( ( )
. T —1 { nr._,klpp }
= T+ f[ a‘E + 2L+ LyfLy ) (19)
—_ _ rod
— Rp/5(91a-2 + 4120) — 81.(0) 13} jk”’{‘h - /a(O)}

The preceding equations are sufficient to enable a com-
plete design to be essayed. The procedure will  be
demonstrated in a later section.

e

0 /0 7] [

o0 Ls Infinite

Anode Current Linear

7 L Finite but large

Anode Current Parabolic
with minimum to left ot
start of scan

-1 (O 7 -t

7

Y

Ls = ~Ly

o)

N ) Anode Current Parabolic
1= with minimum coinciding
with the start of scan

o
&
~

7
Lg <T =Ly
14
N Anode Current Parabolic
with minimun to right ot
start of scan

o] O 7 t

Fig. 5. Anode current waveforms

Minimum Mean Anode Current Condition

By appropriate choice of the transformer constants the
mean anode current may be minimized. The minimum
mean anode current condition occurs with the minimum
of the anode current parabola to the right of + = 0 (Fig. 5).
The position of the anode current minimum is given by

11 L

_]‘ _E r.,T(] + L\/Ls) ...............

so that combining this equation with equation (5) gives
as the minimum anode current

Ia min "nT :
g -_— —_ = l - 2LS Lv S )
klyo/ 20 ! 4k2Ls{ (I+Ly/ L)/ r.T

ELECTRONIC ENGINEERING

to be

Thus combining equations (5) and (21) we find

1(8) — I min roT [_f _ _1{1 _2L4(1 +L)./Ls)/r,_,T}
kiy/2n k LT 2
.............. (22)
We may now integrate this expression between ¢ = 0
and + = T to find an expression for the mean anode
current during scan.
e [1/12+Ls(l+L\/Ls)/r, T*
kly/2n k L.
O 23

Now we are in a position to differentiate /. with respect
to L, to find the condition for minimum mean anode

current. On putting dl./dLs = 0 we find the condition

L& = r2T*/12 + Ly (24)

This equation implies that given the deflector coil in-
ductance and the total secondary resistance, the secondary
inductance of the transformer is fixed. This only leaves
the transformer ratio to be fixed which may be done by
consideration of the available peak anode current and the
voltage to which the anode may be swung at time ¢t = T.

In practice Ly is very much smaller than r,7 and the
author prefers to use the condition

Li=rT/VI2 — Ly, .......... 25)

which leads to far more attractive expressions for the peak
current, mean current, etc. In all practical cases the con-
dition expressed by (25) results in a practically identical
design to that obtamed when the condition expressed by
(24) is used.

Employing the condltlon expressed in (25) we find

""’(1 +Ly/Ly) {«t/r—o-zl 1}

’l(’) 1'1 min = l 732

.............. (26)

We see that the minimum of the anode current parabola
occurs about 21 per cent of the way through the scan.
In particular, at the start of scan we have: —

[.0) = L min + 0077 Iy (1 +Ly/L)/kn ... ... 27N

while at the end of scan .

IT) = lamin + 1077 Ly (W Ly/ L)/ kn . .......... (28)
The mean anode current is given by

Ii=lamm + 0289 Iy (0 +Ly/L)/kn .............. (29)

Equations (28) and (29) yield the useful relationship

T =330 — 273 Lumis ........ (30)
while equations (27) and (29) give
1,00) = 02671, + 0733 Lsrs o v (31

In the case where /[, min is very small, i.e., the minimum
anode current approximates to zero, Equations (30) and
(31) give the rough rules.

(a) the average anode current is approximately 27 per
cent of the peak current.

(b) the current at the start of scan is approximately 7
per cent of the peak current.

(c) the current at the start of scan is approximately 27
per cent of the mean current.

The voltage waveform at the transformer input terminals
is given by :

0289 k*
V(1) = Rpfa(t) + nrzlpp{f'/T I+ L/L. 0211}/
............ (32)
and in particular
0-289 k
V.,(0) = Rul.(0) — nrzl,,p‘O-zl] + L,/Ls}/k (33)
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V.(T) = Rplo(T) + nr,ly {0789 I+ L,/L

The anode dissipation may be found by multiplying
L() by (E—V(T)), integrating with respect to ¢ from
t=0 to r=T and then dividing the result by the tota] frame
period. This procedure leads to an unwieldy result but
if the assumption is made that the anode voltage swing
during scan is linear with time, balanced about-the H.T.
line (which is well approximated in practice) we find:—

L) 'i}/k L))

W.,=15 min=E+0‘089Vl(T)= + 029 Ipp(l + Ly/.Ls) X

‘ZE—— V(T) :/kn

FRAME TRANSFORMER DESIGN CONSIDERATIONS

As have been seen, once the scanning coil inductance
and the total resistance of the secondary are known, the
inductance of the transformer secondary-is specified by
expression (9) or (25) depending on the mode of operation
required. However, this implies that we must know the
resistance of the secondary before we know its inductance!
This difficulty may be overcome as follows: —

Suppose we wind n turns of wire in a given volume
to have an inductance L and resistance r. Now suppose
we wind 2 turns of wire of half the diameter. This will
occupy approximately the same volume (unless the gauge
is greater than 40 s.w.c. when the space factor drops
away due to insulation) and both the resistance and induc-
tance are quadrupled. Thus we may say that with the
wire gauges commonly used to a very high degree of
approximation the ratio of inductance to resistance of
windings occupying the same volume on a given core (with
a given gap) is constant. With this knowledge we may
use our past experience to design the required secondary.
Thus suppose we know from previous experience that
with a given core (and gap) a 60mH coil may be wound
having a resistance of 1-8 ohms; in general we may say
that for any winding occupying the same winding space.

ry = 1:8/006 -Ls = 30L,

This expression may be used in conjunction with ex-
pression (9) or (25) to calculate both the secondary induc-
tance and resistance. For example, suppose the resistance
and inductance of the deflector coils are 7-5 ohms and
6:3mH respectively and that it is desired to operate in the
zero Initial Slope Condition. Then from (9)

Ls+Ly = (rs+r.\')T/2
and putting T=19mS and using r=30L, we have
L + 63x107® = (30Ls+7:5) 9:5x 10™°
{ L, = 91mH

ry = 2'73Q

Thus using previous knowledge, a complete transformer
secondary design may be achieved. Similarly, the trans-
former primary may be designed using the knowledge
gained by previous experience. Examples of complete
design procedures will be given in succeeding sections.

The final design must, of course, be checked to ensure
that magnetic saturation of the core does not occur. Such
saturation will lead to severe distortion which manifests
itself as a severe non-linearity at the end of scan.

It is simple to show that the peak magnetizing field
occurs at the end of scan and has a value

whence

Hyax = (45N 1003 nlT) — klyy/2n

Using this value of peak magnetizing field, the peak flux
density may be calculated for a given gap; consultation of
the B— H characteristic of the core material will indicate
whether core saturation is being approached.

Finally the economic considerations of frame trans-
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formers must be considered. As a general rule it may
be stated that the cost of a winding depends on the' amount
of copper used rather than the number of turns. The
most economical gauges are those in the region of 30 s.w.G.

An Example of a Design in the Zero Initial Slope Condition

We shall take a deflector coil having inductance Ly=
6:3mH, resistance ry=7-5{), and requiring 600mA peak-.
peak swing to scan. We shall assume the coefficient of
coupling in the transformer to be 099. 1f from previous
experience we know that we may wind a secondary baving
an inductance of 70mH and a resistance of 2:5(2, on «
given core (with a given gap) we have in general for a
winding occupying the same volume rs=36L; so that
substituting is expression (9) we obtain:— .

La+Ly = (ra+r)T/2 .o oo oo 37N
whence
Ls = 98mH
rs = 352»(2
Thus: '
1 + Ly/Ls = 1064
JamA
RN
| Vair=210%lts I
V“\i 10volts allowed for bias
5 ] |
% [ |
x l L+ (T
5 i | E il el
b +7 |
[ L |
\5 O i
e \ | | _—[ v _+2
7’ [ T1-F17 9=
I T
40 | X . 40 Alq(Ylf)(mA
= 1 / //xh\ ;42-0‘— .-—[--—J———+—-- - —=Vqi=—4
A 2
20 /i iz 4-/'{) 30
1 26/ |\ ) Y
VD Evd 5 B o
| P
i il . \CLIER
20| =1 / \\‘ _2(_)-.— . Voia—8
1 ] \p: \\ [
l A | ™ Vg=—10
e ag =T
o A= Neslo A~
A v ng.--—l
| I, 25
T se T T Tt 13 5 e
(9 50 100 150 200 250
f Va(Volts)

Fig. 6. Example of Z.L.S. design

If we take the minimum anode current as 3mA we have
from expression (13)

1(T) = 3 + 648/n (mA) 38)

The mean anode current is found to be (using ex-
pression (14)

I. =3 + 216/n(mA) 39
The primary resistance may be estimated using previous
knowledge. Thus, if in the remaining winding space (when
the secondary has been wound) it is known that a winding
may be constructed having an inductance of 33H, and a
resistance of 650(), we have for windings occupying the
same volume:
Ry = 650L,/33 = 650n°Ls/33 = 1:93n*(ohms)

Thus expression (17) becomes

VT) = 4-85n + 579 x 107* n®
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Using expressions (38), (39) and (40) the fbllowiné table
may be constructed.

- Rp | Iu(T) | ()

n . {Henries) k) | (mA) (mA) | (Volts)
20 392 0723 35-4 13-8 | 99-3
22 47-4 0935 32:5 12-9 109-6
24 56.5 1-11 300 12:0 119-5
26 1 662 1-30 279 11-3 129-9
28 ! 76.8 1:52 26:1 107 140-3
30 883 174 246 10-2 1507
32 100 1-93 23.3 97 | 16l-1

34 113 223 221 93 | 1715
36 127 2-50 21-0 90 ‘ 1820
38 142 279 201 - 87 192:6

It is convenient to plot I, (T) against V, (T) the latter
coordinates reading from right to left. If this graph is
plotted on transparent paper it may be moved across the
I, — V. characteristic of the output valve and the best ratio
chosen from the point of view of

(a) not exceeding the peak current available from a low
limit valve at the end of life.

(b) not entering the knee region and causing non-
linearity at the end of scan.

(c) cheapness of transformer compatible with (a) and (b).
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Fig. 7. Example of M.M.A.C. design

This procedure is illustrated in Fig. 6. + A transformer
ratio of 23:1 appears reasonable.  Larger ratios have
their terminal points of the load line entering the knee
region while smaller ratios lead to higher peak currents.
With the 23-1 ratio the peak current required is 31mA and
occurs (with Vyr. = 200 volts) at ¥V, = 88 volts. The
load line for the 23:1 ratio transformer has been con-
structed in Fig. 6.

It remains to check that the core does.not saturate and
that the anode dissipation is not exceeded.  The .peak
magnetizing field may be calculated using expression (36).

Hxax = 0736 Ni/! Oersteds.
so that if the number of secondary turns is known H is
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known, and Buax may be calculated. It remains to check
this ﬁgure against the B-H curves of the core material to
ensure saturation is not approached.

The anode dissipation may be calculated using expres-
sion (6). In the example illustrated in Fig. 6 since the load
line always lies within the W, = 3-5 watts limit it is clear
that the anode dissipation rating is not exceeded.

An Example of a Design in the Minimum Mean Anode
Current Condition

We shall take a deflector coil having inductance Ly =
6-:3mH resistance r, = 7-5(), and requiring 600mA peak-
peak swing to scan. We shall assume the coefficient of
coupling of the transformer to be 0-99. If from previous
experience we know that we may wind a secondary having
an inductance of 70mH and a resistance of 2-52 on u
given core (with a given gap) we have in general for a
winding occupying the same volume rg = 36 Ls so that
substituting in expression (25) we obtain:;

Ls + Ly = (rs + r)T/VI2 ... .. ... (41)
whence
Ls = 56:8mH
Fg = 17Q

Thus | + Ly/L. = 1'111.
If we take the minimum anode current as 3mA we have
from expression (28)
I.(T) = 3 + 724/n (mA) 42)
The mean anode current is found to be (using expres-
sion (29)

I. = 3 + 193/n (mA) (+3)
The primary resistance may be estimated using previous
knowledge. Thus, if in the remaining winding space (when
the secondary has been wound) it is known that a winding
may be constructed having an inductance of 33 Henriés,
and a resistance of 650 ohms, we have for windings
occupying the same volume.
R, = 650 Ly/33 = 650n°Ls/33 = 1-93n* (chms)
Thus expression (34) becomes
Vi) =379 + 336 x 107°n* ...... (G20
Using expressions (42) (43) and (44) the following table
may be constructed.

Ly Ry L(T) L | D
n | (Henries) |  (kQ) (mA) (mA) ‘ (Volts)
20 22.8 0-448 392 1247 771
22 275 0-543 35:9 11-8 84-9
24 328 0-646 332 11-0 929
26 384 0-757 30:9 10-4 1009
28 44+6 0-878 288 9:9 108-6
30 512 102 271 9.4 1167
32 583 1-15 256 9:0 124-6
34 657 | 130 24-3 87 | 1326
36 73-7 1-45 231 84 | 1406
38 82:2 1-62 22:0 81 | 1489
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1t is convenient to plot /[.(T) against V (T) the latter
coordinates reading from right to left. If this graph is
plotted on transparent paper it may be moved across the
fa — V. characteristic and the best ratio chosen from the
point of view of

(a) not exceeding the peak current available from a
low limit valve at the end of life.

(b) not entering the knee region and causing non-
linearity at the end of scan,

(c) cheapness of transformer compatible with (a) and (b).

This procedure is illustrated in Fig. 7. A transformer
ratio of 26:1 appears reasonable. Larger ratios have the
terminal points of their load lines entering the knee region
while smaller ratios lead to higher peak currents. With
the 26:1 ratio the peak current required is 3I1mA and
occurs (with Vu.r. = 200 volts) at V. = 98 volts. The load
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line for the 26:1 ratio transformer has been constructed
in Fig. 7. . ’

It remains to check that the core does not saturate and
the anode dissipation rating is not exceeded. The peak
magnetizing field may be calculated using expression 5.1.

Hyax. = 0997N,/1 O:steds
so that if the number of secondary turns is known Huax.
is known and Bxax. may be calculated. It remains to
check this figure against the B-H curves of the core
material to ensure saturation is not approached.

The anode dissipation may be calculated using expression
(35). In the example illustrated in Fig. 7 since the load
line always lies within the W, = 3-5 watts limit it is clear
that the anode dissipation rating is not exceeded.

A Comparison of the Zero Initial Slope Condition and the
Minimum Mean Anode Current Condition
Such a comparison is best carried out using the results

previously obtained. If we choose designs to have a peak
current of 35-:5mA we have

n |emtics) i | @y | (Voo
M.M.A.C. Condition | 22 27.5 56-8 [1-8 84-9
z.1.5. Condition . . 20 392 98-0 13-8 953
while if a peak anode current of 24 4mA is chosen we }E’,
M.M.A.C. Condition ‘ 34 5 657 568 ‘ 87 132-6
z1s.Condition .. | 30 | 833 | 980 | 102 | 144-7

It will be seen that the Zero Initial Slope Condition leads
to
(a) larger transformer inductances
(b) larger mean anode current
(c) larger voltage swing

compared with a Minimum Mean Anode Current having
the same peak anode current. These points will be
examined in turn.

(a) The designs have been made such that in all cases
the same winding volume is assumed. However, it may
be noted that the peak magnetizing field will be the same
and so the only point to be considered in the comparison
is the ease of winding. Clearly if the primary inductance
is very high, to enclose it within the available spice wiil
necessitate a fine gauge. If perchance the wire gauge
exceeds 40 s.w.G. the space-factor falls away and so in
this case the z.I.s. condition will result in a less satisfac-
tory solution than the m.M.A.c. condition.

@Ar‘i‘ =
Grid
| T

Fig. 8. The feedhack network

(b) In general the Limitation which settles the design is
the usually available peak anode current. However, the
smaller the mean anode current the smaller the anoae dis-
sipation, so that in the case where anode dissipation is a
limitation the mM.M.a.c. condition is superior.

(c) The larger voltage swing exhibited by the z.I1.s. condi-
tion implies that in this design the peak current must be
available at a lower anode voltage. This point may pro-
vide a limitation, but in general the increase in voltage
swing over the corresponding mM.M.a.c. condition is rarely
serious.

As against these disadvantages of the z.i.s. condition
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compared with the M.M.A.c. condition it must be noted that
the required drive waveform to the output valve is much
more easily obtained in the case of the z.1.s. condition.

The Feedback Network

It has been seen that if operation in the z.1.s. condition
or the mM.Mm.a.c. condition is required the anode current
must contain a parabolic component. In the case of the
z.1.S. condition the origin of this parabola should occur at
the commencement of scan, while for the m.m.A.c. condi-
tion the minimum of the parabolic component should
occur at approximately 21 per cent of the way through the

R 250v 190V HIT.
O
30mA

2-:3mA
SOkQ

Ry

10k
CSI'J—L 127, 1"}

I-8M.
T

Fig. 9. Circuit of frame time-base

scan. The grid drive to the output valve must be such
that the desired parabolic anode current waveform is
obtaircd. This parabolic component is most conveniently
obtained by a network attached to the output valve anode
and lded to the exponential waveform provided by the
scanniag generator.

The waveform obtaining at the anode of the output
pentode falls approximately linearly during the scan period
and then consists of a positive-going pulse (approximately
a h:’f-sinusoid) during flyback. The desired parabolic
component may be obtained by connecting the network
stown in Fig. 8 to the anode and connecting the output’
terminals to the grid circuit of the output valve. A prac-
tical arrangement is shown in Fig. 9. A detailed analysis
of ‘his network is not to be recommended since the non-
linearity of the I, — V; characteristic of the valve must be
taken into account in such an analysis. A practical deter-
mination of the components to be used is far quicker, and
more revealing.

Such a negative feedback system in frame-base output
stages is of very great importance :asofar as the effects of
hum and microphony are both reduced enormously. The
usual type of frame output valve is usually akin to the type
used for sound output (in fact usually the same type of
valve servcs both purposes in a television receiver).
Althouzh care is exercised in producing sound output
valves in which the hum level and microphony are
negligible when the valve is used in a conventional audio
output stage, such valves may give rise to considerable
trouble if used in the frame output stage. This follows
primarily since the eye is capable of detecting hum
modulation and microphonic disturbance in the picture
long before the ear could detect such components in the
audio stage. Thus it is highly desirable always to employ
negative feedback in frame output stages.
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A Heart-Rate Recorder

for Biological Experiments

By W. E. Boyd,* M.A,, M.D,, M.BritL.R.E. and W. R. Eadie*

An electronic heart-rate recorder is described for use on decerebrated or anaesthetized animals. The
rate is shown as a continuous graph on a recording milliameter and can be based at will on the

auricular or ventricular action potentials.
duce error.

EVERAL workers'*® have described instruments for the

production of a continuous record of the rate of the
human heart. Broadly speaking these operate on a com-
mon principle. The electrical output of the heart, which
when recorded is termed the electrocardiogram or E.C.G., 18
suitably amplified and triggers a circuit which produces,
for each heart-beat, an impulse of constant amplitude and
duration. On integration these give a deflexion on a meter
proportional to the rate of the heart.

Early attempts in these laboratories to make use of

similar instruments for recording the rate of a frog heart,.

during tests on drug action for instance, showed them to

Rg
' | Siobied
R > R, W25ka R, > R, ilize
Sl VRSO & %— €
H 8 J Jlo--Output to
) - L Counter
C
i 2uF
OS,;F
Electrodes Output to
Oscilloscope
- 20000

a70kn

Fig. 1. Two-stage pre-amplifier

possess many disadvantages for this work. The main faults
were: —

(1) Changes in waveform of the E.c.G. throughout the
course of a test frequently caused the triggering circuit to
miss beats or to operate more than once on each beat.

(2) When the amplitude of the background interference
became comparable with that of the E.c.G. (circumstances
which occurred all too frequently), there was a tendency to
trigger on peaks of the interference as well as on the heart
impulse. This condition was aggravated by the amount
of 50c/s interference induced when the operator touched
or even approached the frog to apply drugs.

(3) No distinction could be made between the rate based
on the auricular beat as denoted by the P-wave (see inset
in Fig. 2) and one based on the ventricular beat as denoted
by the R-wave. Cases of A-V heart block could not there-
fore be distinguished.

(4) In some designs no provision was made to remove

the “ heart rhythm > from the recording meter. This was -

particularly troublesome at low rates and caused the meter
to give a broad band on the record instead of a line.
The instrument to be described was developed to over-

% The Boyd Medical Research Trust, Glasgow.
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Wide variations in the shape of the E.c.G. do not intro-
The range of 10 1o 60 beats per minute can be readily extended.

come these defects as far as possible and to have an
accuracy, excluding the ink-writer error, of better than
1 per cent over long periods. Although primarily designed
for use in research on the action of drugs on frog hearts,
little modification is required to make it equally suitable for
recording the speed of various types of mechanism. It
can, moreover, be used for the human heart,” but if much
serious work in this field is contemplated it will be found
preferable to adopt a more elaborate design incorporating
additional features which permit greater freedom of the
subject and a wider choice of electrode positions. This
will be described in a later paper. The present design is
therefore most suitable for anasthetized or decerebrated
animals.
.-

Method of Operation

The heart potentials received from the subject by the
electrodes are amplified and passed to a frequency selector
stage giving a damped oscillatory wave output. A selected
portion of this triggers two univibrators in cascade. The
output of the second univibrator is integrated and the
voltage developed controls a valve-voltmeter, which
operates a recording milliameter.

Apparatus

For convenience in construction and maintenance the
equipment has been divided into seven units.

(1) Pre-amplifier.

(2) Cathode-ray oscilloscope and camera.

(3) Frequency selector and clipper.

(4) Pulse shaper and delay circuit.

(5) Valve-voltmeter and monitor speaker amplifier.
(6) Calibrator,

(7) Stabilized power supply.

Pre-amplifier

The average peak voltage to be expected from a frog
heart under the special conditions of this research was in
the region of 0-3mV to [-OmV. The pre-amplifier had
therefore to be sufficiently free from self generated noise
to keep the background well below the amplitude of the
smallest part of the wave likely to be used. The P-wave
may, for example, be as low as 50uV peak. As it was also
experimentally necessary to record simultaneously the E.C.G.
without visible distortion, it was convenient to employ the
same pre-amplifier for both purposes. A much lower stan-
dard of performance, particularly in frequency response,
would otherwise have been permissible.

In early experiments a two-stage single ended amplifier
was used with both H.T. and L.T. supplied from batteries.
The inconvenience of maintenance, however, and the un-
certainty of stage gain due to falling battery voltages led
to the adoption of the all-mains version shown in Fig. 1.

To reduce interference it would have been preferable to
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»+300V

Stabiined The oscilloscope used is a Cossor model

339 double beam. The internal amplifier of
this model was never intended for E.c.c. work
and is quite unsuitable. It was therefore
converted to a single stage balanced type

and the general performance is now com-
parable with that of the pre-amplifier. The
second beam is available for other data, such
as the mechanical pull of the heart and is fed
from a separate external amplifier.

Fv

Frequency Selector and Clipper

As already stated, two of the major prob-
lems were to keep the P-wave above the
general noise level and to differentiate con-

Ry
M

Gate
szd_

S¢|u|t ivit, f
Control Y Hu;
-ve

Fig. 2. Frcquency selector and clipper stages

The_ large inset shows a typical frog E.C.G. with the standard meth
designating the respective parts,
upwards represents a negative potential as is conventi

onal in e

cardiography while in the small insets showing the wave-form al various

points upwards represents a positive potential.)

use a balanced input with a long-tailed pair, but the idea
had to be discarded as it was found that unless one elec-
trode was maintained at earth potential any attempt to
apply drugs produced large disturbances in the amplifier.
With the single ended input 50c/s interference was very
marked. This was overcome by enclosing the frog in an
earthed cage with an open front, sufficiently large to permit
of easy manipulation. The design of the amplifier follows
standard practice at these frequencies, the required per-
formance being achieved without difficulty. The response
is sensibly flat from 0-3c¢/s to 100c/s with a measured over-
all gain of 9,400. Total noise level is under 154V and is
therefore below both the resolution of the cathode-ray tube
trace (Icm for 0-5mV input) and any P-wave likely to be
encountered. The heaters are supplied from a separate
6V winding with the customary “ humdinger.”

Cathode-ray Oscilloscope and Camera

The oscilloscope was originally installed to enable the
E.C.G. to be photographed. It has, however, been found a
very convenient aid in setting up the heart-rate recorder.
In cases of A-V heart block, for example, one part of the
heart can beat at a different rate from the other, i.e., a rate
based on the P-wave could differ from one based on the
R-wave. One must therefore know whether the recorder
is triggering on the P-wave or the
R-wave, or even that it is actually
the heart potential and not some
spurious signal which is actuating

/
Gate Level ,Gate Level
%

(It should be noted that in this inset

tinuously between the P-wave and the R-
wave in triggering-of the univibrator. The
overall noise originates from three main
sources. o .

(a) Normal amplifier noise such as thermal,
flicker and partition noise and mains ripple
from the heater and H.T. supply.

(b) Noise originating within the specimen,
such as nerve, muscle and electro-chemical
potentials.

(c) Spurious potentials induced in the specimen and the
connecting leads, such as 50c/s interference, from nearby
wiring or via the operator.

Unless care is exercised this background can assume con-
siderable proportions. _

The obvious plan was to adjust the level of a “ gate”
circuit to accept above some particular voltage. In some
cases this did work quite well, but in all too many frogs
it was found that either the P-wave was lost in the back-
ground noise or the voltage difference between the P- and
R- and even the T-waves was much too small for reliable
differentiation between them over a period. An added
complication was the tremendous variations which can take
place in the shape of the E.c.G. in a matter of minutes
during certain experiments.

Many ideas were tried, but it was not until a frequency
analysis was made of the E.c.G. of a number of frogs that
a solution presented itself. It was found that the harmonic
content of the R-wave around 15¢/s was, in the majority
of cases, much larger than that of the P-wave, while that
of the T-wave was, in comparison, generally negligible.
Moreover, this difference appeared to hold at this fre-
quency, for wide variations in the shape of the E.c.Gc. A
selective stage, resonating at 15c/s was therefore included
in the amplifier chain. As a result it is seldom that a work-

od of

lectro-

.

Fig. 3. Pulse shaping and delay stages

Calibration
Adjustment

it.

To this end Z-axis modulation
was tried using the output of one
of the univibrators. This gave a
bright spot on the E.c.G. at the
point where the univibrator
triggered. The system, however,
did not find such favour with
the biological staff as did a loud-
speaker actuated from the same
source. The latter method was
therefore adopted as it has the
additional advantage that the
operation of the instrument can
be monitored continuously while

+
Stabi ll%v

100k 10!

Rao I;
Oka

other work is in progress. Where

the oscilloscope is not required o
8 5 B ontrot
an electron tuning indicator com-
bined with a loudspeaker would
serve equally well. .
MARCH 1952 103 ELECTRONIC ENGINEERING

G




able difference cannot be maintained between the P- and
R-waves. In addition, P-waves which hitherto have been
too small to be used for triggering can now be raised suffi-
ciently far above the background noise.

A variety of circuits were available for this selective
stage, but there seemed no point in choosing anything more
complex than the single-valve phase-shift type (see Vga
Fig. 2). It is essential to avoid overloading in this stage
by keeping the input down and not adjusting to a higher
gain than is necessary. Overloading will produce a limit-
ing action which may bring us back to where we started.
The pre-set potentiometer R,, controls the amount of
feedback. The best method of setting up the stage has
been found to be that of connecting an oscilloscope to the
anode of V,x and adjusting R,, until a waveshape similar

each point, it will be noted that the E.c.G. is the reverse of
the normally accepted convention in electrocardiography,
wherein a negative potential is, shown upwards. This was
done to avoid confusion with the remaining waveforms
which adhere to the normally accepted convention of up-
wards being positive.

Pulse Shaping and Delay

The theory of the counting ratemeter,
example in nuclear physics, is now well known.!  An
important point, however, is that the duration of the
impulse passed to the mtegratmg circuit must be very
much shorter than the time interval between each impulse.

If now we examine the waveform of the output of V,
(Fig. 2) we find that it consists of a slice of a damped
oscillatory wave and is in effect a series of short duration

as used for

300V
Rsa Meter Zero Adjustment | Stobilized square waves. If we applied these impulses to a uni-
Speaker vibrator having a time cycle sufficiently short to meet the
Rsa 30’}“; ?5% Terminols 2bOVe requirement, it would trigger on each of these square
€20 < 500kn Meter impulses. It was therefore necessary to interpose some
RJock form of delayed circuit which, on_ being opened by the
OOpF 6H6 L L \esN7 first impulse, would remain open throughout the remainder
Y7 ET! O Yise of the heart-beat.
v The choice of a suitable circuit for this stage was found
' — I00ka ? :
) Rea / To Anod to be more difficult than at first appeared. = The main
1 s Morker criteria were that the delay period should be adjustable and
Cao oo Szvitch pF 1 Fes] Cas constant, irrespective of succeeding impulses and that re-
\Okn 2,4.1- T;ur kns S e initiation be possible immediately on the completion of
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Q. To Pre-amplifier
to that shown in the inset is obtained from the normal
E.C.G. The adjustment is not critical and can usually be
locked in position.

The gate consists of a series diode Vg, with a positive
bias on the cathode adjustable by R,,. The point at which
V. starts to conduct can thus. be set to include or reject
the P-wave. The univibrator will trigger on the first signal
of each group received, so by setting the height of the gate
we can trigger it on either the P-wave or the R-wave. «

Since the amplitude of the R-wave might be sufficiently
large to cause undesirable surges in the succeeding stages
it is clipped by the diode V. The signal passed to V,
(Fig. 5) is thus of constant amplitude.

It will be observed that the time-constant of the input
circuit C,R;, is kept small. This was found essential, as
very low frequency potentials from the frog, of electro-
chemical or other origin tended to block V,. with a con-
sequent artefact on the recorded trace.

In the small insets (Fig. 2) showing the waveform at
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Fig. 6. Two-hour section of a typical heart-rate record

This shows how a | in 4 dilution of Strophanthus has stopped the heart
action. The vertical lines represent 5 minute intervals while each
horizontal line represents (wo beals per minule.

each cycle. The univibrator held out the most promise
and of the many variations tried, that shown was by far
the best. The use of the suppressor grid for the triggering
impulse (V,,) is due to Puckle® and the early re-initiation
diode (V,,8) to Allan.®

Since the length of the delay period in use, as set by
R,, governs the maximum rate which can be recorded it
should be adjusted to cover only that part of the waveform
which threatens to cause premature triggering.  Higher
rates of count can be obtained by reducing C,,.

The phase reversal stage V,a 1s inserted to provide V,,
with the required negative triggering impulse.

Valve-Voltmeter and Monitor Speaker Amplifier

In recorders for the low rates we are considering, one
of the problems is to eliminate from the meter the surges
of “heart rhythm” produced in the integrating circuit by
the arrival of each impulse. The time interval between
each is sufficiently long for the meter to follow and the
recorded graph becomes a broad band instead of a line.

A number of solutions are available, such as that due to
F. Henry.* In this a balanced valve-voltmeter as in VA
and V8 (Flg 4) has the two grids coupled together by a
large capacitor (not shown). The surge voltage is thus fed
in phase to the two valves and cancels out in the meter.
The p.c. component on the other hand affects only the
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grid of the first valve and so registers on the meter.
Although the method is simple and effective it was not
incorporated in the design as it was desirable to make use
of the grid of V,4u for another purpose. .

In conducting drug tests, it is essential to record on the
graph the exact moment when the drug is applied. By
means of a switch held in the operator’s hand the contacts
shown as “ Marker Switch™ (Fig. 4) are closed at the
correct moment and produce a deflexion of the meter.
The time-constant of this grid circuit (V,,s) being low, the
recording meter returns to its original position imme-
diately, so giving a thin transverse line on the graph. In
the grid circuit of V,,, on the other hand the presence
of the integrating capacitor C,, causes the méter to return
in an exponential curve. The *“ marker signal” is there-
fore distinctive and cannot be confused with anything
else appearing on the graph. It follows, however, that we
cannot use any system of eliminating the surge which will
materially increase the time-constant of the grid circuit
of VNB.

able.
wave of frequeircy governed by C,; to C,;.2

The method finally adopted is the simple one of,

The double triode V,,4 and V,,z produces a square
By differen-
tiating it through C,, and suppressing the positive peak
by V., we have a spiked waveform not unlike the QRS

of the electrocardiogram. The long-term stability of the
calibrator has been found to be surprisingly good (within
one beat per minute over several months) but in any case
the rate is sufficiently low to check with a stop-watch if
required.

Stabilized Power Supply

The power supply is a conventional series-valve stabilized
type providing 85mA at 300V. In view of severe mains

fluctuations preference has been given in the design to

reducing these rather than to low internal impedance.
A constant voltage transformer provides heater current

for all valves.

The indicating meter in use is an Evershed and Vignoles
0-1mA recording milliameter run normally at a paper
speed of 3in. per hour.

’

i

Fig. 7. General view of the heart-rate recorder in use

The screening cage housing the frog
The two lower panels in the rack on the left house the other
The remaining panels contain amplifiers and power supplies for
the mechanical action of

on the right.
stages.

displaying information concerning

filtering out the surge by means of R,, and C,,. It has,
of course, the disadvantage that although the beginning
of a change is always .shown immediately, the larger the
time-constant of the filter the longer it will take for the
meter to show the full extent of any change in rate. The
values chosen are a compromise suited to the work for
which the design was intended. For abrupt changes in
rate and including lag caused by the pen of the recorder,
the indicated rate shows 95 per cent of the true value in
30 seconds. Use has also been made of the grid of Vs
to introduce a small amount of 50c/s from the heater supply
to reduce pen to paper friction.”

The monitor speaker and its amplifier require no com-
ment. Reference has already been made to their use.

Calibrator .

It is a great advantage in equipment of this nature to
have a self contained means of checking the calibration.
This is provided by the circuit of Fig. 5, wherein any one
of three frequencies between 20 and 60 persminute is avail-
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and the pre-amplifier can be seen.

the frog

A two hour section of the record of a frog heart is
shown in Fig. 6, while Fig. 7 gives the experimental lay-
out of the complete apparatus.
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Proposed Test Procedure for F.M. Broadcast
Receivers

By D. Maurice,* Ing.E.S.E., AM.LE.E., G. F. Newell* and J. G. Spencer*

IN connexion with the high-power tests, using both
amplitude modulation and frequency modulation, that
are being made with the B.B.C. Vv.H.F. transmitter at
Wrotham, it has been found desirable to decide on a
standardized procedure for testing F.M. receivers. Should
it be decided that F.M. is to be employed in the future for
nation-wide sound broadcasting, it will be important to
be able to-compare the performance of different receivers.
A further reason for attempting to detail methods of test
at this early stage is the necessity of discovering the
limitations of existing test equipment and the requirements
which such equipment as may be developed in the future
should fulfil.

The present article describes a procedure that has been
found convenient for testing F.M. receivers; it does not
attempt to specify what their performance ought to be,
but gives, by way of illustration, results obtained on three
actual receivers. ' :

The novel instruments required for the tests are des-
cribed and the test conditions and parameters are detailed.
Test procedure is dealt with and as examples the test
results on three receivers are given. .

The test conditions and parameters and the procedure
described were finally decided upon only after careful
study of the Interservice Radio and Electronic Measure-
ments. Committee document “ Interservice Standard Defini-
tions of Radio-Receiver Characteristics ” and the Institu-
tion of Radio Engineers “ Standards on Radio Receivers,
Methods of Testing ‘Frequency-Modulation Broadcast
Receivers ™. ’

Examination of the test equipment and procedures
described hereafter will reveal many departures from what
may be described as normal medium-wave broadcast
receiver measurement practice. While many of these
departures are necessitated by v.H.F. F.m. conditions, some
are not, and are put forward for consideration now because
they seem better adapted to the purpose of performance
(as against “ designer ” type) testing than some methods
used hitherto. o °

The purposes of testing the performance of broadcast
receivers include the measurement in objective terms of
the subjective assessment which would be given in words
by a listener, or the attempt to allocate numbers.to the
subjective criteria (descriptive words) which the listener
would use. Another purpose is to compare receivers
between which the subjective performance differences are
not very great. ‘Yet another reason lies in considerations
of design for which it is desirable to correlate the objective
effects of certain methods or circuits -adopted by the
“designer. The tests described hereafter are not intended
to include the last reason given, unless this object is
achieved fortuitously.

A first example of departure from previous practice is
that of the output power noise meter which, it is suggested,
should really measure either mean-square voltages or root-
mean-square voltages. The reason for this is that it has
been found' that R.M.S. voltage is a satisfactory parameter
of electrical noise of either the random fluctuation or
impulsive types in that the annoyance caused by. them is
closely approximated by their r.m.s. values. An aural
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weighting network was found to be desirable -when
measuring noise* and the one giving rise to the curve in
Fig. 1 was chosen. . :

A second example is the adoption of 40 per cent rather
than 30 per cent modulation for standard modulation
depth. This is merely because it is thought that 40 per
cent is nearer to average programme modulation depth
than is 30 per cent. r

It may be asked why, if the aural weighting curve is
adopted for noise measurement, it has not been §ugg_ested
for the measurement of distortion. The reason is simply
that the weighting network has been tried and found
satisfactory for noise measurement, but so far no experi-
ments have been undertaken with it with regard to dis-
tortion, and in the absence of practical evidence it would
not be permissible to put it forward. .

The choice of 2kc/s as the standard modulation fre-
quency is because this is near the frequency at which the
curve in Fig. 1 presents a maximum and thus variations
in response due to errors in modulating frequency will be
minimized.

The choice of 40db as the standard ratio of signal to
unwanted response (noise or interference) is because this
ratio corresponds very roughly to a “slightly disturbing”
level of undesired response. .

The choice of total R.M.s. distortion, unweighted, as being
a measure of the subjective effect of non-linearity is.
admittedly a poor one, but until more work has been
published on the subjective effect of distortion it was
thought advisable to use a very simple measure.

Test Equipment

STANDARD SIGNAL GENERATOR (S.5.G.)

The procedure described in this report necessitates the
availability of two signal generators each having the
following performance fe